
ScienceDirect

Available online at www.sciencedirect.com

Procedia Manufacturing 51 (2020) 61–66

2351-9789 © 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Peer-review under responsibility of the scientific committee of the FAIM 2021.
10.1016/j.promfg.2020.10.010

10.1016/j.promfg.2020.10.010 2351-9789

© 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Peer-review under responsibility of the scientific committee of the FAIM 2021.

 

Available online at www.sciencedirect.com 

ScienceDirect 
Procedia Manufacturing 00 (2019) 000–000   

     www.elsevier.com/locate/procedia 

   

 

 

2351-9789 © 2020 The Authors. Published by Elsevier Ltd.  
This is an open access article under the CC BY-NC-ND license https://creativecommons.org/licenses/by-nc-nd/4.0/)                                                                                                                                            
Peer-review under responsibility of the scientific committee of the FAIM 2020. 

30th International Conference on Flexible Automation and Intelligent Manufacturing (FAIM2020) 
15-18 June 2020, Athens, Greece. 

Design and manufacturing of a smart mobility platform’s context awareness 
and path planning module: A PSS approach 

 L. Athanasopouloua, A. Papacharalampopoulosa, P. Stavropoulosa, D. Mourtzisa,*  
a Laboratory for Manufacturing Systems and Automation, Department of Mechanical Engineering and Aeronautics, University of Patras, Patras 26504, Greece 

  

* Corresponding author. Tel.: +30-2610-910-160 ; fax: +30-2610-997-314. E-mail address: pstavr@lms.mech.upatras.gr  

Abstract 

A smart mobility platform aiding in guidance of disabled people is a concept that can facilitate people’s everyday life. However, 
design and manufacturing of such a system faces many issues in terms of agility in design, implementation and usability 
verification. To this end, the concept of Product-Service System (PSS) seems to be the solution; being an emerging concept 
oriented towards the dematerialisation of the economy, meeting also the requirement of manufacturing industries to cope with the 
radical changes in the global market. In this study, the development of a context awareness and path planning system under the 
prism of PSSs is examined. This module is considered to be promoted as a pay per service unit that can be implemented in 
different operational scenarios and environments. The key objective is to deliver the obstacle avoidance and path planning 
functionality and add value to the customer, but at the same keep the production lean and flexible. To this end, Round Robin 
parts are presented, taking into account mounts and jigs for controllers dealing with supervised machine learning techniques and 
path planning, light-weight system-of-sensors and structural integrity of the module. The concept evaluation is outlined through a 
case study based on the integration of the system in a smart mobility platform to provide autonomous mobility. The mobility 
platform is expected to operate within a predefined area, characterized by a complex environment.  
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1. Introduction 

Within the past decades, major efforts have been 
conducted to address the current issue of international concern 
regarding sustainability in production and consumption [1][2]. 
In order to increase productivity and remain competitive in a 
rapidly changing manufacturing environment, industries are 
narrowing their focus towards new business paradigms, 
including Product-Service System (PSS). The concept of PSS 
relies on the integration of products and services through 
service-oriented business models, targeting at increasing the 
added value and addressing and satisfying customer needs [3].   

The main concept of PSS is established along the lines of 
“not to sell goods but services” business model [4]. Given the 
current need for minimizing consumption and reducing 
material flows in production, PSS is an emerging strategy 
towards the dematerialization of economy [5][6]. 

The scope of this study is to explore the development of 
path planning and context awareness system under the prism 
of PSS. The functionalities provided by the system are 
considered to be integrated in several mobile system 
applications, and to be exploited to potential customers based 
on the pay per service PSS model. 
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To enable the implementation of the proposed system into 
different operation scenarios and applications, a lightweight 
approach in terms of computational time and cost is being 
developed. The path planning framework is based on the 
examination of Dijkstra’s and A* algorithms to deliver 
accurate and safe navigation in low computational time within 
environments with high complexity. The system is considered 
to be complemented with the integration of previous work 
being performed by the authors on supervised machine 
learning techniques along with Principal Component Analysis 
(PCA) and Hierarchical Cluster Analysis (HCA) for providing 
context awareness functionalities [7]. The overall framework 
is being evaluated through the implementation of a case study, 
examining its integration for offering autonomous navigation 
capabilities to a smart mobility platform. 

2. Approach 

2.1. Product-Service System 

Several classifications of PSS have been performed, with 
three main categories being often proposed by researchers: 
product-oriented, use-oriented and result-oriented [8][9]. 
Product-oriented type relies on selling the product with 
additional services, by handling the ownership rights to the 
customer. Maintenance and upgrade are considered as 
additional services. The second main type is use-oriented 
services. The provider maintains the ownership rights and 
offers to the customer the use of the product for a defined 
period of time/units through modified distribution and 
payments systems (i.e. sharing, pooling, leasing etc.). A 
result-oriented PSS features the sale of the service provided 
instead of the product itself. The provided and the customer 
come to an agreement about the final result, while there is no 
predefined product involved. 

Result-oriented PSSs are often associated with several 
risks taken by the service provided and the customer due to 
difficulties underlying at the identification of the product and 
the preservation of the ownership rights by the provider. 
Nevertheless, this type of PSSs offers a promising approach 
towards dematerialization of economy and flexible production 
by implying new methods of function fulfillment. Due to 
variations being observed in each of the three main PSS types, 
further categorization can be performed, taking under 
consideration economic and environmental aspects [9].  

Result-oriented PSSs can be further divided into activity 
management/outsourcing, pay per service units and functional 
results. Activity management/outsourcing is directly 
associated with the sub construction of an activity to a third 
party in a company. In this case, performance indicators are 
being established for the evaluation of the service. The pay 
per service unit PSS relies on the provision of the product as 
service, and the customer purchases the output of the product 
in reference to the required level of use. Finally, the 
functional result refers to an agreement being obtained 
between the provider and the customer regarding the delivery 
of an outcome. The provider is not constrained through a 
contract, as in activity management/outsourcing, to 
accomplish the determined result. 

In this study, a context awareness and path planning 
system is being proposed that can be exploited as a pay per 
service unit system. The developed system can be promoted 
based on the provided functionalities and outcomes instead of 
the product itself, finding numerous applications in different 
operational scenarios and environments. The service provider 
would maintain the ownership rights and be responsible for 
the integration of the service and delivering the requested 
results to the customer. 

The PSS design framework is being developed taking into 
consideration relevant aspects regarding the product, the 
service the supporting network and the infrastructure [10][2]. 
The proposed pay per service unit system is being developed 
based on a design model divided into five phases: inspiration, 
ideation, process prototyping, process validation and offering 
evaluation and learning [11].  

Given the inspiration phase, customer requirements are 
being discovered, in order to generate the insights required for 
a competitive PSS. The search for inspiration should not be 
limited to current customers but it should also seek for 
potential opportunities. Considering the context awareness 
and path planning PSS, research should be performed on the 
requirements of future/potential customers. This involves the 
definition of underlying needs considering the working 
environment, performance, accuracy and cost that are directly 
associated to the different operational environments and 
scenarios. 

The ideation phase involves activities of generation of new 
ideas, development and agile prototyping. Exploitation and 
exploration strategies should be identified by the company, 
involving the determination of novel ides, potential risks, 
issues and opportunities. Given the ideas generation, the most 
promising concepts are being considered for agile 
prototyping. The proposed framework relies on the novel idea 
of providing a lightweight system that can be integrated with 
a standard camera and localization sensors to provide path 
planning and context awareness capabilities to several mobile 
systems applications. 

Following ideation, process prototyping refers to the 
requirements specifications and to the process design. Round 
Robin Parts are being considered for this PSS, involving the 
use of small joints and jigs for controllers in order to ensure a 
lean and flexible production. The development of the product 
will rely on a light-weight system of modules that will ensure 
structural integrity. 

Process validation will examine and validate the process 
prototyping based on predefined key performance indicators 
(KPIs) related to the process performance and will define the 
suitable resources configuration. 

Figure 1 Operation environment used in the case study 
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Figure 3 Dijkstra’s algorithm using 8-conectivity for different grid and 
environment comlexity 

Finally, during the implementation of the PSS, all 
required resources and structure should be acquired to 
develop the product. Improvement and quality optimization of 
the system is being constantly examined by the developer, 
aiming at the establishment of a highly competitive service. 

 

2.2. Path Planning 

Path planning in mobile systems typically refers to the 
implementation of algorithms that address the automation of 
mechanical systems, integrated with sensors and computation 
capabilities, by processing simple or complex geometric 
models [12][13]. The generation of the path can be considered 
as a sequence of translating information obtained from the 
operation environment, given the starting position and the 
destination, while avoiding interfering obstacles. Major 
efforts have been performed in path planning and collision 
avoidance, delivering numerous strategies within the past 
decades, involving cell decomposition [14], roadmap 
techniques [15] and potential fields [16].  Each path planning 
approach relies on a series of decisions, applied over time, 
that are dependent on a state space representing all possible 
positions of the robot within the working environment. To 
define the optimum path planning algorithm given an initial 
and goal state, a number of criteria has been taken under 
consideration including computational time, length of the path 
and number of examined cells. 

In this paper, the state space is considered to be 
represented as a grid map of a known environment. A* and 
Dijkstra’s algorithm based on 8-connectivity and a 
probabilistic roadmap have been examined to define the 
optimum solution for a lightweight approach that enables fast 
and accurate path planning within a complex and dynamic 
environment.  The path generation is considered to be 
performed given the floor plan of the operation environment.  

Dijkstra’s algorithm is a uniformed search algorithm, 
commonly used to obtain the shortest path from a starting to a 
goal node in a weighted graph [17]. The algorithm assigns 
initial values sorted by distance from the initial node and then 
tries to improve. It is commonly referred to as an instance of 
the breadth-first search [18]. The main difference with 
breadth-first strategy is that Dijkstra’s algorithm is 
continuously expanding the lowest-cost leaf node first as 
computed by the path cost, instead of the lowest-depth node 
[17]. 

A* search algorithm can be considered as an extension of 
Dijkstra’s algorithm that can be applied on metric or 
topological configuration space [19]. The algorithm uses a 
heuristic function that delivers the exact distance to the goal. 

Basic Dijkstra’s and A* algorithms utilized for grid 
configuration spaces are restricted to 8-connectivity. 
Connection can be established between neighbor cells in 
horizontal, vertical and diagonal direction.  

Additionally, PRM is a relatively new strategy to motion 
planning, that is divided into the learning and query phases 
[20].  At the learning phase a roadmap is being 
probabilistically developed, estimating the motions that can 
be performed in the graph. A random configuration is being 

obtained based on sets of configurations, referred as nodes 
based on the complexity of the graph. During the query phase, 
the starting and target nodes are being defined and Dijkstra’s 
algorithm is being utilized to deliver the shortest path. PRM is 
considered to be probabilistically complete, taking into 
account that as the number of nodes increases without bound, 
the probability of not generating a path in case it exists 
approaches to zero. 

2.3. Context awareness 

The development of systems relying on image processing 
techniques and neural networks are being increasingly 
emerged into the research and industrial domain within the 
past few decades [21]. Context awareness is an increasingly 
developing concept, directly associated with machine 
learning, and having numerous applications into several 

Figure 2. Dataset images of test area without obstacles (top) and with obstacles 
(bottom) 
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technological developments where the consideration of 
context is required. Machine learning techniques are widely 
utilized at computer vision systems and image processing for 
providing pattern recognition based on the field of data-driven 
predictions and decisions [22].  

The context awareness approach of the proposed PSS relies 
on previous work being performed by the authors []. 
Supervised machine learning and hierarchical cluster analysis 
have been examined to provide context awareness in 
computer vision systems. Neural networks have been applied 
for predicting the output variables given values for the input 
variables [23]. The transformation of the visual images 
obtained by the computer vision system into numerical 
information delivers the extraction of data with high 
dimensionality [24]. To overcome this issue and to obtain a 
lightweight approach to context awareness, the authors 
proposed a framework based on the use of supervised 
machine learning in combination with principal component 
analysis (PCA) and hierarchical cluster analysis (HCA). PCA 
is a statistical technique, that relies on the detection of strong 
patterns in a dataset for emphasizing variation and reducing 
the number of features that are being analyzed through 
machine learning [25]. Additionally, a hierarchy of clusters of 
variables is being established in HCA to gradually divide the 
processing information of the entire dataset into 
subcategories, and as a result the information fed to the neural 
networks [26].  

In the current work, the integration of this examined and 
evaluated methodology is being considered as a part of the 

functionalities provided by the proposed PSS. The adequate 
results obtained through the use of a lightweight approach, 
with high potential of being implemented into different 
applications and scenarios, could enable the development of a 
reliable and easily adjusted system with little instrumentation, 
typically a standard camera, for offering context awareness 
capabilities. 

3. Case study 

In this work, the proposed PSS is considered to provide 
path planning and context awareness capabilities to a smart 
mobility platform. This concept relies on the development of 
an urban mobility solution that enhances social inclusion of 
disabled and elderly people. A smart active module, multiple 
custom interfaces and a mobile app will consist the smart 
mobility solution, that will be attached to several wheelchair 
models.  

The path planning and context awareness system is 
considered to be integrated to the smart active module for 
offering a novel and lightweight approach to autonomous 
navigation. The proposed system will be equipped with a 
camera and along with localization sensors will be capable of 
obtaining real-time identification of the platform’s position. 
The autonomous navigation will be performed from the 
current position of the platform to the destination, after being 
defined by the operator of the platform though the mobile app.  
The operation area of the platform is expected to be a rather 
complex and dynamic environment, enabling the utilization of 
this system in urban environments and public sites of high 
complexity (Figures 1 and 2).  

Figure 4 Dijkstra’s algorithm using PRM for different grid and environment 
complexity 

Figure 5 Basic A* algorithm for different environment complexity 
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The main objective is to ensure safety during the operation 
of the platform through the development of a light-weight 
concept, capable of delivering accurate and fast processing of 
information, low computational cost. Furthermore, this 
concept has been examined to be provided as a pay per 
service unit, enabling its integration into several applications 
and scenarios, leading to a promising approach towards 
dematerialization of economy. 

4. Results 

4.1. Path Planning results 

The operation area of the system is considered to be known 
a priori. The floor plan image of the environment is being 
translated as a grid map, where the white pixels are being 
perceived by the examined search algorithms as free space 
while the black pixels as occupied space, preventing the 
establishment of nodes. Different scenarios have been 
examined regarding the complexity of the environment and 
the discretization ratio of the grid map. Indicative results of 
the examination of A* and Dijkstra’s 8-connectivity and PRM 
strategies are presented in Figures 3-5. 

Given the paths generated through the examination of 
different scenarios, the benefits and weaknesses of each 
strategy have been evaluated. Dijkstra’s algorithm based on 8-
connectivity delivered notable similarities with A* algorithm, 
as per a standard path generation between a starting position 
and the destination. The path obtained the shortest travelling 
distance and successful collision avoidance when the 
complexity of the environment had been increased. 
Nevertheless, A* could generate the path in significantly 
lower processing time due to the reduced examined nodes 
within the graph. In the case of a relatively sparse occupancy 
grid, PRM delivered higher performance in environments 
with higher complexity. Due to the probabilistic distribution 
of nodes within the graph, the shortest travelling distance 
could not be acquired, while owning to the random 
distribution of nodes across the overall area of the grid map 
the computational time has been increased. Overall, A* 
algorithm could result to the optimum path planning 
performance, both in terms of accuracy, processing time and 
adjustability into complex environments. 

4.2. Context awareness results 

Supervised machine learning, PCA and HCA have been 
examined on previous works of the authors for providing 
position estimation of the system within the operation area, 
and recognition of obstacles interfering in close distance in 
front of the camera. The proposed framework had been 
examined in a rather complex environment. A relatively small 
dataset of images for position estimation within the 
environment and context awareness has been analyzed 
through supervised machine learning (Figure 2). Based on the 
acquired outcomes, the categorization of different positions of 
the camera into clusters combined with PCA and HCA could 
deliver the best performance for regression. As per obstacle 
recognition, supervised machine learning along with PCA 
could lead to adequate results despite the relatively small 
dataset of images that has been utilized for training the neural 
networks. 
Following the results obtained from the context awareness 
framework, its implementation to the proposed PSS could 
enable a lightweight method for context awareness. As 
supervised machine learning can provide perception 
capabilities to the developed system, both for position 
estimation and for obstacle recognition through the use of a 
standard camera, high potential is being considered for the 
implementation of this PSS into several scenarios and 
applications. The utilization of a camera and processing of a 
rather small dataset instead of processing of complex data 
acquired from a number of sensors significantly reduces the 
required complexity of the current systems for context 
awareness. Furthermore, the notably low computational time 
during the training phase of the neural networks can lead to a 
concept capable of being easily and fast re-configured in a 
dynamic and complex environment where changes often 
occur. 

5. Conclusions and Future Work 

This work focuses on proposing a framework for the 
development of a context awareness and path planning 
system. The performance and applicability of this system has 
been examined through its integration into a smart mobility 
platform that can provide autonomous navigation to disabled 
or elderly people. The proposed system has been designed 
along the lines of PSS, a rather promising concept oriented 
towards the dematerialization of economy and the 

Figure 7 Indicative results acquired for position estimation using Supervise 
Machine Learning [7] 

Figure 6. Indicative results for obstacle recognition using Supervised 
Machine Learning [7] 
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establishment of a flexible and lean production. The provided 
functionalities and results are being considered to be exploited 
to potential customers as a pay per service unit system. RRPs 
will consist the system, involving mounts and jigs for 
controllers for delivering light-weight system-of-sensors and 
structural integrity. 

Furthermore, for the path planning functionality of the 
system, A* and Dijkstra’s algorithms based on 8-connectivity 
and PRM strategies have been examined. Based on the 
acquired results, it has been assessed that both A* and 
Dijkstra’s algorithms deliver a standard path ensuring the 
shortest distance to the target. A* could deliver the optimum 
solution in the lowest computational time and cost, due to the 
use of heuristics. PRM examined over Dijkstra’s algorithm 
could deliver higher performance in environments with higher 
complexity owing to the probabilistic distribution of nodes 
within the graph. Nevertheless, as the dispersion of nodes 
does not follow a specific pattern in contrast to 8-
connectivity, the shortest path between the starting and target 
nodes could not be obtained in the case of a relatively sparse 
occupancy grid. 

Additionally, an approach for context awareness examined 
and evaluated in previous works of the authors has been 
considered to be integrated in the proposed PSS. As position 
estimation of the system and detection of obstacles appearing 
in close distance within the camera spectrum are being 
obtained, the application in different scenarios and operation 
environments of mobile systems can be performed. To this 
end, a lightweight approach based on the use of supervised 
machine learning, PCA and HCA within a rather complex and 
dynamic environment has been evaluated. The suggested 
approach delivered high accuracy and low processing time 
utilizing a relatively small dataset of images obtained through 
a standard camera used as a computer vision system. 

As future work, research on developing and manufacturing 
the proposed PSS can be performed. The pay per service unit 
system could be integrated into numerous mobile systems, as 
a part of the mobility unit for offering autonomous navigation. 

Acknowledgements 

The work reported in this paper is under the framework of 
EU Project FreeWheel. The project has received funding from 
European Union’s Horizon 2020 research and innovation 
progamme under grant aggrement No. 768908. The 
dissemination of results herein reflects only the authors’view, 
and the Commission is not responsible for any use that may 
be made of the information it contains. 

 
 
  
 

References 

[1] Belkadi F, Boli N, Irazusta LU, Maleki E, Alexopoulos K, Bernard A, 
Mourtzis D. A knowledge-based collaborative platform for PSS design 

and production. CIRP Journal of Manufacturing Science and Technology; 
2018. 

[2] Tukker A. Product Services for a Resource-Efficient and Circular 
Economy-A Review. Journal of Cleaner Production 2015; 97:76–91. 

[3] Mourtzis D, Boli N, Alexopoulos K, Różycki D. A framework of Energy 
Services: from traditional contracts to Product-Service System (PSS), 
25th CIRP Conference on Life Cycle Engineering 2018; 69:746-751. 

[4] Doualle B, Medini K, Boucher X, Laforest V. Investigating Sustainability 
Assessment Methods of Product-service Systems, Procedia CIRP 2015; 
30:161-166. 

[5] Hamwi M, Lizarralde I. A Review of Business Models towards Service-
Oriented Electricity Systems. Procedia CIRP 2017; 64:109-114. 

[6] Petrides D, Papacharalampopoulos A, Stavropoulos P, Chryssolouris. 
ematerialisation of products and manufacturing-generated knowledge 
content: relationship through paradigms. International Journal of 
Production Research 2017; 56(1-2):86-96. 

[7] Athanasopoulou L, Papacharalampopoulos A, Stavropoulos P. Context 
awareness system in the use phase of a smart mobility platform: A vision 
system for a light-weight approach. CIRP ICME 2019. Ischia, Gulf of 
Naples. 

[8] Pergande B, Nobre P, Nakanishi A, Zancul E, Loss L. Horta L. Product-
Service System Types and Implementation Approach 2012;43-48. 

[9] Tukker A. Eight types of product–service system: eight ways to 
sustainability? Experiences from SusProNet; 2004. 

[10] Mont OK. Clarifying the concept of product–service system, Journal of 
Cleaner Production 2002;10 (3):237-245. 

[11] Scherer JO, Kloeckner AP, Ribeiro JLD, Pezzotta G, Pirola F. Product 
Service System (PSS) design: Using Design Thinking and Business 
Analytics to improve PSS Design, Procedia CIRP 2016; 47:341-346. 

[12] LaValle SM. Planning Algorithms, Cambridge University Press, New 
York, USA; 2006. 

[13] Duchoň F, Babinec A, Kajan M, Beňo P, Florek M, Fico T, Jurišica L. 
Path Planning with Modified a Star Algorithm for a Mobile Robot. 
Procedia Engineering 2014;96. 

[14] Keil JM. Decomposing a polygon into simpler components. SIAM J. 
Comput 1985; 14:799-817. 

[15] Zhong C, Liu S, Zhang B, Lu Q, Wang J, Wu Q, Gao F. A fast on-line 
global path planning algorithm based on regionalized roadmap for robot 
navigation. IFAC-Pap 2017; 50:319-324. 

[16] Orozco- Rosas U, Montiel O, Sepúlveda R. Mobile robot path planning 
using membrane evolutionary artificial potential field. Appl. Soft 
Comput. J. 2019; 77:236-251. 

[17] Soltani AR, Tawfik H, Goulermas JY, Fernando T. Path planning in 
construction sites: Performance evaluation of the Dijkstra, A, and GA 
search algorithms. Advanced Engineering Informatics 2002; 16:291-303. 

[18] Russell S, Norvig P. Artificial intelligence: a modern approach, Prentice-
Hall, New Jersey; 1995. 

[19] Cui SG, Wang H, Yang L. A Simulation Study of A-star Algorithm for 
Robot Path Planning. 16th international conference on mechatronics 
technology 2012;506-510. 

[20] Geraerts R, Overmars MH. A comparative study of probabilistic 
roadmap planners, Proc. Workshop on the Algorithmic Foundations of 
Robotics 2002; 43–57.  

[21] Pandremenos J, Chryssolouris G. A neural network approach for the 
development of modular product architectures. International Journal of 
Computer Integrated Manufacturing 2014;24(10): 879–887. 

[22] Aivaliotis P, Zampetis A, Michalos G, Makris S. A Machine Learning 
Approach for Visual Recognition of Complex Parts in Robotic 
Manipulation. Procedia Manufacturing 2017; 11:423. 

[23] Jordan M, Kleinberg J, Schölkopf B. Pattern Recognition and Machine 
Learning. 

[24] Kurka PRG, Díaz Salazar A. Applications of image processing in 
robotics and instrumentation. In Mechanical Systems and Signal 
Processing 2019; 124:142–169.’ 

[25] De la Hoz E, Ortiz A, Ortega J, Prieto B. PCA filtering and probabilistic 
SOM for network intrusion detection. In Neurocomputing 2015;164:71-
81. 

[26] Imamverdiyev Y, Sukhostat L. Lithological facies classification using 
deep convolutional neural network. In Journal of Petroleum Science and 
Engineering 2019; 174:216–228. 

 


