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Abstract:  
The Transport and Logistics industry is a key contributor to the macroeconomic developments 
around the globe, even though it remains to date a fragmented industry with limited 
interconnection between operators, proprietary systems and often lack of supply chain 
visibility. The recent Coronavirus pandemic has shown the vulnerability of the industry to 
exogenous parameters and the need for greater collaboration and technological 
advancements in the field. The Physical Internet promises to bring a novel way of how physical 
goods can move more efficiently based on the successful paradigm of the Digital Internet. The 
basis of the design of this new concept is to analyze and borrow elements and analogies from 
the Digital Internet which has been around for years mirroring the way data is transferred 
between computer networks and devices. 

The EU funded project ICONET is a three-year research programme and has received funding 
from the Horizon 2020 research and innovation programme under the Grant Agreement No 
769119. It has dissected, analysed, reviewed and critically tested these elements and has 
proved that indeed Logistics collaborative communities or Physical Intranets could be inspired 
by digital internet and directly or indirectly networked into one overarching logistics 
collaborative community. The results are promising and showcase a more efficient, less 
expensive, reliable, secure and environmentally friendly Logistics ecosystem of the future. 
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Introduction 
Logistics networks are often dedicated to single companies or specific markets [1], and this causes 
fragmentation raising the associated logistics costs [3]. Nevertheless, fragmentation can be positively 
related with service quality, since fragmentation can be the result of smaller, customised shipments 
[3]. Therefore, there is a trade-off between quality and costs [3]. Some of the aims of the design and 
application of Physical Internet is to diminish both downsides of the aforementioned trade off by 
combining digital transportation networks. 

The Open Logistics Interconnection Model [1] (OLI) was conceptualised to enable seamless universal 
interconnectivity by borrowing analogies from a computer networks standard (OSI) [1]. According to 
the authors of [1], the analogy between logistics and ICT was that both involve networks, are 
heterogeneous and in addition to data, logistics networks also include physical goods. Thus, are 
information driven. Logistics however, involves the movement of physical goods, not only data 
packets.  The OLI layers are shown in figure below: 



 

Figure 1. The OLI Layers 

In [1], Montreuil, Ballot and Fontane proposed to adopt this seven-stage layered structure, that would 
be in-line with the OSI with the prospect of refining them in the future or even potentially unifying 
some layers, similarly to the evolution of the TCP/IP model. The TCP-IP model shares, or better said, 
has some layers that correspond to the OSI model such as the Physical, Data Link, Network, Transport 
Layer. On the other hand, OSI’s Session, Presentation and Application layers are all encompassed in 
the TCP/IP’s Application layer.  

According to the initial proposal of Montreuil, Ballot and Fontane [1] the OLI Layers consist of the 
following functions: 

1) Physical Layer 
This layer handles the operations related to the Physical Internet. Thus, the Physical Layer 
includes the PI means (vehicles, conveyors, etc) that transport and stock PI containers [2].  
 

2) The Link Layer 
This layer handles node to node transfer. It is responsible for monitoring and correcting errors 
that happen at the physical layer. “This is being done by checking consistency between phys-
ical operations and their specifications.” [2].  
 

3) The Network Layer 
The Network Layer deals with the interconnectivity, integrity and interoperability of networks 
within the Physical Internet. It is responsible for providing the means of routing the PI con-
tainers across the network(s).   
 

4) The Routing Layer  
The routing layer is in charge of routing the PI containers from starting point to their destina-
tion. It attempts to achieve this in the more efficient and reliable manner possible.  
 

5) The Shipping Layer 



The Shipping layer enables the efficient and reliable shipping of PI containers but providing 
the functional and procedural means. It is responsible for all administrative aspects during the 
shipping process, including delivery acknowledgement [2]. 
  

6) The Encapsulation Layer 
The Encapsulation or Deployment Layer links products to PI containers. It handles moving and 
storing products in PI containers and monitors and validates the properties of PI nodes and PI 
means [1], [2]. 
 

7) The Logistics Web Layer 
This layer provides the interface between the Physical Internet and the users of the logistics 
services [1]. It provides the necessary applications to the users in order to utilise the Physical 
Internet [2].  

The functionality, interrelationship and services exposed by each of the Layers and the notion that the 
same framework can inspire the design of the PI architecture has been a key subject of research in the 
ICONET project. The aim has been to provide a network of networks via a layered stack of protocols 
implemented at each shipping/ destination point and intermediate PI node to enable the efficient 
execution of the supply chain operations under the new PI concept. The aforementioned layers have 
provided the basis of the analysis and a hybrid version of the protocol stack has successfully emerged 
enabling the deployment of the PI services. 

Methodology 
To understand the OLI layers, their roles and interdependencies in PI, it is imperative to understand 
the typical PI process. Assuming a push/demand driven process where a shipper wants to ship goods 
via the Physical Internet (PI-network). We start with the type of the shipper’s consignment and how it 
can be repackaged in a suitable format in order to be transported via PI. A consignment is defined as 
a separately identifiable collection of goods items (available to be) transported from one consignor (a 
shipper for example like a manufacturer) to one consignee (a customer such as a retailer), via one or 
more modes of transport. According to this view, the shipper’s consignment will first arrive at some 
PI spoke. A PI spoke is the location with the handling and storage capacity where goods are prepared 
in order to be shipped via PI. The consignment will typically be arrived in conventional packaging such 
as (non-PI) containers, boxes, crates etc.   

In the PI spoke, the original container units will be stripped, and items are repackaged in suitable p-
containers with the goal to reduce empty space. The original consignment is transformed to a number 
of π -consignments. In logistics terminology, a logistic unit, is any combination of trade items packaged 
together for storage and/or transport purposes; for example, a case, pallet or parcel. In the context of 
the PI we define accordingly a π- logistics unit (π-unit for short) a combination of individual cargo items 
(pallets, boxes, etc.) into a single loading unit that can be handled and transported easily by the π-
network infrastructure through the PI Hubs. An important property of π-units is that they can be 
packed tightly into π-containers. π-units come in several sizes, but they all have modularity as common 
allowing them to be combined tightly together to reduce dead space inside π-containers as illustrated 
in the figure below. 



 

Figure 2. Combination towards a PI Container 

Living Labs  

The PI capabilities and PI concept was tested in the ICONET project through the deployment of four 
Living Labs. A ‘Living Lab’ (LL) is a user-centred, open-innovation ecosystem, for the systematic 
exploration, experimentation and evaluation of innovative ideas, scenarios, concepts and related 
technological artefacts in real life use cases. Such use cases involve user communities. A LL is not 
similar to a testbed as it aims to turn users from being traditionally considered as observed subjects 
for testing modules against requirements, into co-creators of emerging ideas, and where these ideas 
are demonstrated in a real-world industrial deployment at sufficient scale to demonstrate concept 
capability and implementation while at the same time the very results are validated, fine-tuned and 
scenarios re-designed for relevance and coherence in the real world. 

Setting up the LLs 
The set-up conditions of the LLs were based on specific monitoring methodology in line with project’s 
objectives and the use cases design was carefully formulated to address real world business needs 
and operational / technical requirements. At the same time open communication with the different 
work areas of the project was kept to ensure effectiveness, relevance and validation of findings. 

Four LLs were deployed: 

LL1: The Port of ANTWERP (PoA) LL implemented and validated PI concept(s) in the versatile and 
complex transport network of the area of Antwerp composed by three mega port hubs (Antwerp, 
Gent and Zeebrugge). Each of these can be viewed as a PI mega hub or as a PI Hub-centric network in 
itself, due to the considerable number of terminals and links each one encompasses. The central goals 
were a) better coordination of this port-centric network with connectivity infrastructures, accelerated 
towards the Physical Internet with the efficient use of IoT and implementation of information tools 
providing near real-time transparency/visibility to the transportation operations for all relevant 
stakeholders and b) to boost modal shift to railway transportation through better capacity/slot 
management, improved tracking and tracing management, transhipment operations, collective load 
planning, transport management and information management with all railway stakeholders. 

LL2: examined the applicability of IoT through progressively transforming typical transport corridors 
into PI corridors, with the emphasis to enhancing the reliability of intermodal connections, paving the 
way to implement synchromodality. Focusing on the North Sea – Mediterranean Corridor, smart-
sensors were engaged on the existing transport infrastructure. This facilitated synchromodality at an 
operational level, allowing decision making with regards to delaying or pulling forward loads or modal 
shift. Consequently, this LL designed and implemented a fully interoperable IoT enabled synchromodal 
corridor and assessed the resulting economic and environmental benefits. 

P logistics unit



LL3: demonstrated the application of PI principles in optimising the Fulfilment of e-Commerce 
Purchase Orders, utilising local stores as PI Nodes, by reducing lead time, travelling time and stock-
outs, in the Portuguese Retailer SONAE’s logistics network. A consumer driven approach was adopted 
to increase the use of environmentally friendly Service Points optimised in terms off a) best time 
windows to offer in the different delivery regions in order to facilitate more effective and efficient 
delivery operations, while making delivery more sustainable b) integrating operationally different last-
mile service models and c) facilitating last-mile collaboration between different logistics service 
providers and possibly other online retailers d) designing an efficient network of pickup-points 
conveniently located for the customers 

LL4: was designed to investigate the potential of e-Warehousing as a key enabler of the PI concept. 
For this, LL4 provided warehousing services structured under the PI concept, which will be tested and 
enhanced in the LL. Additionally LL4 provided the necessary models and data to be used in the GPICS 
and associated simulation-based optimisation of the ICONET PI Network. Through the different 
investigations and tests via the simulation and the prototype and with the vast experience of the 
French company Stockbooking (subsidiary of FM Logistics Group) leading LL4, specific improvements 
sought were a) the increase of number of participating nodes, b) improvement in meeting Service 
Level Agreements (SLAs) and c) reduction of CO2 emissions. LL4 on the other hand reported the 
constraints that the PI implementation could face in practice as from operational, business or forex 
perspectives and regarding the warehousing operations as such. 

The LLs are schematically represented below: 

 

 

Figure 3. Schematic representation of the LLs 

The Case Study 

ICONET’s Generic PI Case Study (GPICS) was raised as the epicenter of the project’s methodology and 
as an integral part of the Proof of Concept (PoC) prototype is shown in the following figure. The 
starting point (01 below) aimed for a fundamental understanding the PI business models and enablers, 



culminating in Generic PI Case Study (GPICS) and PI Hubs Plan. The different actors involved in the 
supply chain industry as well as the different elements like warehouses, ports and terminals were all 
represented as distinct GPICS roles and components and therefore included in the business cases 
designed. 

 

 

Figure 4. ICONET’s methodology 

As part of the core of the project, the initial approach of GPICS, described in Figure above, posed to 
combine the notion of  

• a PI Hub,  
• a PI Corridor,  
• a PI (urban logistics) Network all supported by  
• e-Warehousing as a Service.  

 
Each of these four Key PI Capabilities were combined into a generic case study, which was modelled 
as an intra-continental inter-country PI network. Simulation as another part of the PoC prototype was 
used to establish a PI Hubs Plan and to investigate specific use cases proposed by the associated Living 
Labs. With the goal to test the applicability of the OLI Layers to real life business scenarios, ICONET 
has set up and deployed the four industry LLs.   
 
The Team 

The importance of involving real life business users and technology leaders to co-create the testing 
ground of the LLs was identified early on in the project. Leading specialist organisations making 
significant progress in bringing the PI concept closer to reality were chosen to join the consortium.  
 
Technology companies like:  
Inlecom with wide expertise in project management and design /development of advanced solutions 
for digital transformation 
IBM providing the supportive foundational ICT technologies for the PI,  



Itainnova the Spanish PI Simulation specialist contributing in a number of projects,  
VLTN the Belgian IT consultancy and Solutions SME  
joined onboard the research endeavour. 
 
On the business side of things:  
Procter and Gamble (P&G) the multinational consumer goods company at the forefront of business 
innovation,  
SONAE the Portuguese market leader with diversified portfolio in retail, financial services, technology, 
shopping centres and telecommunications  
Port of Antwerp the authority managing the 2nd largest European port for international shipping and 
4th largest in the world and  
Stockbooking (FM Logistics subsidiary, the leading French and international 3PL provider) offering 
effective warehousing solutions 
 
as well as 3 industry associations (European Shipper’s Council -ESC, ELUPEG, International Union for 
Road-Rail Combined Transport -UIRR) made substantial contributions towards achieving the vision of 
the project and aid the shaping of the future of Transport and Logistics sector. 

Testing  

In all LLs, simulation models measured the output performance and ultimately evaluated the PI 
behaviour, efficiency and impact.  The modelling of the simulation agent was again influenced by the 
OLI layers and the resulting interconnected PI services. The simulation models are effectively dynamic 
software modelling tools which in the LL case, recreated supply chain scenarios to evaluate 
performance and behaviour of business cases. The simulation effort itself is an iterative, explorative 
process which could include calibration/ optimization work for its different parameters based on the 
outcomes and needed output. Simulation models must be simple to start with and build upon them 
later on so that they are more effective and gradually mirror the physical model they are trying to 
evaluate.  

These dynamic models included information from both the digital aspects of the LLs as well as the 
physical ones i.e., real-life data. This mixed digital/ physical simulation is important because it 
enhances the representation of the behaviour and interrelationship of various elements and factors 
necessary to test and validate the PI concept from a more realistic, day-to-day, point of view.  

The simulation services modelled the Supply Chain stages (e.g. warehouse), the Supply Chain 
characteristics (e.g. transport mode), the Supply Chain events (e.g. stock-outs) and the GPICS. At the 
same time obtaining data from all other Protocol Layers and PI services (e.g. routing, stuffing/ 
encapsulation, network), Legacy systems (e.g. Warehouse Management Systems WMS, Enterprise 
Resource Planning systems ERP), IoT devices and so on. Therefore, the importance of the OLI layers to 
the LLs’ deployment was indeed significant. 

Specific Key Performance Indicators (KPIs) were set as the mechanism to measure the impact of the 
PI on the global Logistics network in the simulation models. These KPIs generally related to Economic, 
Operational and Environmental costs in line with the project objectives and based on both real life 
and simulated data. Results were validated by stakeholders in close collaboration with technical 
partners for a relevant, realistic and effective outcome. 

 

 



Findings 
 

OLI Layers final version 

The work in LLs and Technical integration activities has led to the conclusion that a hybrid version of 
the OLI layer would most appropriately suit the LLs efforts best. The table below explains this: 

 

Table 1 Comparison and adoption of Protocol Stack Layers 

OSI Layer OLI Layer ICONET Layer Resulting service 

Application Logistics Web Logistics Web Logistics Web 

Presentation Encapsulation Encapsulation Encapsulation 

Session Shipping Order Shipping 
Transport Transport 

Network Routing Routing Routing 

Network Network Network 

Data Link Link Link  - 

Physical Physical Physical - 
 

The study carried forward in the design sections of Integration environment, the relevance in the 
considerations of the Reference Architecture and analysis through the LLs business spectrum has led 
to the conclusion that a mixture of the layers (ICONET Layers) and resulting services shown above 
under column ‘Resulting service’ would serve better the needs and aims of the project as these were 
formulated within the LLs context and with the business needs and targets in mind. To explain, below 
a brief description of the best solution identified with the Layers: 

 

1. The Link layer manages and ensures the smooth flow of goods between PI Nodes. To achieve 
that, this layer must enable the pre-evaluation of potential options, identification of potential 
issues across the supply chain and the suggestion of appropriate corrective actions to miti-
gate.  In ICONET this layer provides mechanisms for efficient and reliable shipping of (sets of) 
PI containers from shippers to final recipients. The management of the procedures and pro-
tocols for configuring the quality of service, monitoring, verifying (acknowledgement), ad-
journing, terminating and diversion of shipments in an end-to-end manner is being conducted 
by the Shipping algorithms and services and as such, the functionality of the conceptual Link 
Layer will thus be handled by the Shipping service. 

2. The Physical Layer monitors the physical objects of PI involved in handling and transporting 
cargo such as means of transport, vehicles, carriers, conveyors, stores and sorters. ICONET 
project investigates these concepts under a PI-aligned digital and physical interconnectivity 
models and standards work where the solutions for generalizing and functionally standardiz-
ing unloading, orientation, storage and loading operations is being investigated. The Physical 
layer is responsible for the physical actions that need to happen for a shipment to begin and 
conclude its’ trip throughout the π-Network based on the decisions made of the other ser-
vices.  



As these actions already occur with a variety of different ways in the current logistics domain, 
further technical work on Physical layer was deemed out of scope for the ICONET project, and 
instead, focus was in providing already established outputs that can be used for already oc-
curring Physical actions (such as picking lists for product loading etc.). 

3. The Shipping layer of the model is further divided into Transport and Order services.  This 
division is helpful in order to better conceptualize the separation of concerns when designing 
the Shipping protocol from a technical standpoint, while also being more closely related to 
the current state of logistics. It is important to note that while generally the layers of the OLI 
model follow a top to bottom flow of information, in order to be able to better communicate 
and propagate needed data, inputs & outputs can travel both ways, not necessarily following 
the assumed order of the OLI. Layers have also been unified and changed in order to serve 
more efficient flow of data and interconnection. In short, it is more useful to think these layers 
as a conceptual guideline while acknowledging that a full technical implementation could po-
tentially generate a new conceptual paradigm. As such, the Transport layer will handle all the 
communications and data exchanges needed for a set of PI containers to be transported 
through the PI network, while the Order layer will monitor & update the PI order state from 
initialization to termination, under the umbrella of the Shipping services. 

The remaining services as described in section above and analysed in the introduction of this article 
and the project itself through a series of deliverable reports, remain at the core of the design work 
and guided amongst other components the structure of the resulted architecture.  

In conclusion, for the reasons mentioned above the project team has followed this hybrid version of 
the protocol layers to better suit the interoperability and functionality of the designed and tested 
services 

OLI Layers inspired the Service Design tasks 

The PoC Integration Infrastructure 

The work carried out for the PoC Integration Infrastructure has supported not only the simulation 
services as a testing agent but enabled the development, deployment and integration of al the PI 
services developed which in turn were based on the PI Protocol stack considerations. From the overall 
data flow/ sequence diagrams established to the data models, topologies and roadmap to the defined 
API definitions, inputs/ outputs and interrelationships for services deployment and integration, the 
principles of the layered stack of services inspired by the OLI model was kept in mind with potential 
relationships and discovered interactions, mirroring at the end of the day the Supply Chains’ vital daily 
operations and of course the required relevance of the conceptual PI network. The figure below shows 
a simplified version of the architectural pattern of a PI Node 

 

 



 

Figure 5. Architectural pattern of a PI Node 

This interconnectivity of PI services and secured, reliable exchange of data between PI nodes and PI 
means, remains a vital element to the PI vision and ensures, amongst others, the smooth flow of 
containers in the PI network. Analysis has shown that adaptation of components/ layers or even 
unification of them could provide solutions towards achieving the above goal. The way the information 
is shared between the layers and the how this information is made available to the PI ‘user’ is crucial 
and an area which needs to be further investigated. 

The Protocol stack was found to have played a pivotal role towards a strong integration pattern 
between the PI Services and between each service and the simulation modelling testing.  

The Reference architecture 

The OLI Layers and resulted PI services fed the design criteria of the architecture in terms of the 
potential technical implementations, establishing protocols, models and methodologies to achieve 
pre-specified objectives for the PoC Integration Infrastructure. This was effectively done not only by 
surfacing the specific functions under each layer but also highlighting the interconnectivity and 
interoperability of each layer with the others as well as the integration with external legacy systems 
while maintaining security. 

With the clear definition of the Services offered by each ICONET Protocol Layer the design team in 
collaboration with the LLs under the supervision of the project management concluded on sequence 
diagrams which effectively represented the interaction (between services) and sequence of 
operations to effectively complete the supply Chain activities through the network. The diagram, of 
which example is shown in figure below (PI Container arriving at a PI Node), was updated many times 
with new insights and ideas following testing in LLs and design efforts in parallel. 

The diagrams which were used in all stages of the LLs technical offerings proved to be valuable means 
for exactly representing the interrelationships and inputs/ outputs between the services and thus 
assist in the architectural efforts of WP2 and finalization of the LLs scenarios. 



The PI Protocol Stack has effectively driven these dataflow relationships and enabled the possibility 
for any business scenario to be mirrored simply with the addition of the desired service as per 
whatever needs could come through. 

 

Figure 6. Protocol stack enabling Data Flows 

The final produced blueprint of the reference architecture is shown in figure below. The main focus of 
the architectural work has been the transformation of key requirements, events and data 
requirements based on generic scenario, as well as use cases driven by the project Living Labs in a 
reference architecture that addresses all required capabilities. Data specifications stem from the 
findings of PI framework and business models and research conducted in the development of the 
multiple components of the ICONET project and their interaction most importantly the protocol stack. 

 



Figure 7. Reference Architecture for PI 

The reference architecture must cover all supply chain stages (E2E). It must also support 
communication/data exchange between all supply chain actors. This means that all supply chain 
‘elements’ must be PI-enabled and therefore the architecture needs to account for pi-containers, pi-
hubs and all other elements. In addition, it is vital to identify any supply chain components that are 
not ‘pi-upgradable’ to ensure other sources of information are available (e.g. legacy enterprise 
systems like ERP and WMS). 

PI Services per Layer 

The work has identified which are those services offered by each protocol layer which must be 
organized between Logistics actors and service providers to complement a sufficient supply chain 
cycle. The services per protocol layer are shown below: 

Table 2. Functions per Layer 

  Layer Description Functions 



1 The Physical 
Layer 

Operations 
related to the 
Physical Internet 

A Physical service was deemed out of scope for further 
technical work, as it would require significant effort to 
synchronize physical actions with the corresponding 
operations described in the PI concept and the Physical 
Layer.  

2 The Link 
Layer 

Node to node 
transfer 

The functionalities and offerings under this Layer are 
unified in the Shipping service. 

3 The Network 
Layer 

Interconnectivity
, integrity and 
interoperability 
of networks  

- The collection and integration of PI network infor-
mation  

- The provision of PI Shipment specific information 

In detail: 
Consider key requirements and target KPIs to discover the 
best network (output will be set of hubs and links) 
appropriate for the requested order producing the routing 
table. 
Identify from the routing layer, the main nodes of the 
network and their functionalities, warehouse capacities, 
ports, train stations…  
Provide alternative to above networks/ paths to achieve 
service levels 
Assign PI means to PI containers 
Identify available transport services among two nodes. The 
output will be a list of transport means able to satisfy order 
requirements 
Consume input from external services (e.g. congestion 
levels on routes) to calculate as output the best alternative 
for routing decisions 
Acquire input from Link layer on the node condition or if 
delays exist and provide alternatives. The output will be 
alternative network(s) 

4 The Routing 
Layer  

Routing of the PI 
containers from 
starting point to 
their destination 

Calculate best route /path for PI order Identify best route 
(optimal ones) based on input of criteria /filters including 
amongst others cost, times…) via a transportation plan 
(output will be a sequence of segments/ nodes including 
timing specifications) 
Provide re-routing to accommodate changes to original 
plan based on information from other layers. The output 
will be a set of routing decisions and a sequence of nodes 
to accommodate modifications to original schedule 
Provide transit times, transport means, ETAs and ETDs of 
routing scenario(s) 



5 The Shipping 
Layer 

Takes the role of 
the overall 
orchestrator 
Reliable shipping 
of PI containers 
via capabilities/ 
input of other 
services 

• Study the management of the procedures and pro-
tocols for configuring the quality of service 

• Monitor, verify (acknowledge), adjourn, terminate 
and divert shipments in an end-to-end manner 

• Leverage the IoT means in accordance to the Block-
chain principles whenever and wherever possible. 

In Detail: 

- Receipt of initial non PI order/ Map the data into a 
PI order (constraints defined if any) 

- Group the orders in transaction(s) 
- Compose necessary shipping documents 
- Pass on constraints to Encapsulation layer 
- Trigger Blockchain ledger 
- Receive IoT notices to generate events/ notifica-

tions 
- Manage shipping state of orders 

 
Assign Container id and API key linked to the PI order 
Provide Shipping instructions 
Acquire IoT data (API key) 
Provide status of shipment and any deviations from original 
transport plan (in terms of time, cost etc) 
Authenticate request 
Transform received IoT data (API key) to Transport Events 
Expose PI-Shipment Delays/Incident through 
communication with IoT Devices or other external systems. 
Output will be an events report 
Recalculate and expose as output ETA to next PI Node 
Provide PoD and payment notification 
Provide shipment notifications to PI operators, customers 
and brokers. Output will be details of orders, proof of 
delivery, date and time and any relevant to the 
consignment detail. 
Request services from Logistics web layer (instructions how 
to proceed), and from the routing layer (updates on the 
status of the shipment) 
Instruct the routing layer to re-route or cancel a shipment 
based on relevant outcomes. Output will be a revised 
routing plan.  

6 The 
Encapsulatio
n Layer 

Stuffing 
/Unstuffing 
products to PI 
containers 

The encapsulation service is responsible for the optimal 
loading of cargo into PI containers  

- Item encapsulation into handling Containers 
- Handling Container encapsulation into Transport 

containers 
- Shared Transport container encapsulation 
- Initial picking list generation 

 



7 The Logistics 
Web Layer 

Interface 
between the 
Physical Internet 
and the users of 
the logistics 
services  

Obtain product characteristics and time specification of 
order. Input from the ordering party (client) and output a 
list with characteristics such as weight, dimensions, storage 
requirements together with the desired time for delivery 
Provide quotes for shipping goods, times in an optimal 
scenario. Output will be an offer with best available service 
to satisfy requirements of  the order 
Obtain shipping rates, capacities, times etc. from PI actors 
through the output of Supply chain software modules like 
ERP, WMS etc 
Devise a transport execution plan and possible additional 
subcontracts between other involved PI service providers 
Dynamic (node to node) cost calculation and revenue as 
well as distribution amongst nodes and, if applicable, 
penalties based on SLAs and relative agreements. 
Create a PI Transport contract 
Create a smart contract (if applicable) 
Receive and store Transport events in Blockchain 
Evaluate the overall PI Cost from a start-to-end perspective 
of the container travelling in the network 

 

Finally, the project has taken an in-depth look to each service for the Layers to investigate the 
interoperability of the services based on the interaction of the Layers stemming from the ICONET 
Protocol stack. The table below as an example takes a look to the Shipping Service being the 
orchestrator of the supply chain operations from start to finish and in close collaboration with all the 
Layers.  

Table 3 Shipping Service Functionality Inputs/ outputs 

Service/Function From 
Service 

 To Service Input Output 

CreateOrder Logistic
s Web 
Layer 

Shipping 
Layer 

Order arriving into PI 
ecosystem 

PI enabled 
Order (uses 
PI data 
model) 

GroupOrders Logistic
s Web 
Layer 

Shipping 
Layer 

Collected PI Orders Transactions 
of 
meaningful 
and cost-
optimal PI 
Orders 

GetDisposalDestination Logistic
s Web 
Layer 

Shipping 
Layer 

Compromised PI Order New 
Destination 
to which the 
shipment is 
to be 
diverted 



InitializeIoT Shippin
g Layer 

IoT Cloud 
Platform 

Transaction with 
container Id’s generated 
by item encapsulation 

API Key for 
IoT platform 
connectivity 

ConfigureIoTTrackers Shippin
g Layer 

IoT Cloud 
Platform 

API Key for IoT platform 
connectivity and 
product/shipment 
constraints, defined as a 
PI Order 

PI Order 
updated with 
the 
successful or 
unsuccessful 
installations 
of tracking 
devices 

ValidateDestination Shippin
g Layer 

Network Destination, as sent by the 
Web Logistics Layer 

PI Node 

GetContainers Shippin
g Layer 

Network PI Node and constraints 
(i.e. refrigerated 
containers required) 

List of 
available 
containers 
that fulfil 
product 
constraints 

RouteOrder Shippin
g Layer 

Routing Order with valid origin & 
destination 

Order with 
optimized 
routing 
information 
using 
established 
links/corrido
rs 

ExecuteItemEncapsulation Shippin
g Layer 

Encapsulatio
n 

PI transactions & products Updated PI 
Order & PI 
container ids 
associated 
with 
products 

GenerateShippingInstructio
ns 

Logistic
s Web 
Layer 

Shipping 
Layer 

Orders that have finished 
initial 
composition/decompositi
on 

Orders with 
correspondin
g shipping 
documents 

ApproveOrder Logistic
s Web 
Layer 

Shipping 
Layer 

PI Order that has been 
approved by the 
stakeholders 

None 

GetIoTData Shippin
g Layer 

IoT Cloud 
Platform 

Container ID and API Key Tracking 
Data (i.e. GPS 
coordinates 
of each 
container 
and the 
condition of 
the alarms 
configured) 



 

Any or all of the actions described above can be repeated as many times as necessary, pending receival 
of events such as arrival at PI hub (recalculation of the routing might be needed) or impeachment of 
order (part of order might need to be rerouted for safe disposal) etc. 

Conclusion 
 
The work undertaken to investigate the analogies of the DI elements to the novel concept of the PI 
has proved that there is common ground and inspiration to the PI network. As a novel technologically 
driven system which aims to transform current practises and operations of the Supply chain industry, 
the PI paves the way of the future. In many ways this was done also by the Digital Internet in the early 
1970s with innovative at the time components targeting the interchange of data information 
throughout the globe. The results have been a success. ICONET is only one of the many European 
research programmes which closely investigate the possibility of a more open, sustainable and 
efficient Transport and Logistics business model, in line with the commitments undertaken by the 
Commission for more environmentally driven business domains. The Logistics industry remains a 
significant economy contributor but with inefficiencies in terms of resource allocation and sharing. 

There are differences and challenges between the digital world and the physical one. Tangible goods 
have different requirements than internet data packets and their handling require a somewhat 
different approach. Moreover, the concept of a unique, standardized logistical unit like the ‘PI 
container’ seems far from real and many challenges lie ahead until the implementation of such 
concept. The operators need to be encouraged to collaborate, using the defined services, adopting 
the roles, integrating their systems to collaborate and share logistics and transport resources so that 
the vision of PI materializes. 

However, already trends in the industry are shifting towards cooperative schemas and more openness 
with multiple carriers participating in consignments, consolidation of cargo at distribution centres, 
new flexible peer agreements enhancing flexibility and a variety of options for all parties concerned 
and digitization /globalization. This never-ending quest of efficiency, cost cutting but also 
differentiation which will still ensure critical revenue for actors, slowly but surely leads to PI horizons 
and transformation vision. Commercially, Supply chain operators within PI can offer a value-adding 
service through a more open, sustainable Logistics business model which effectively mitigates all 
inefficiencies and delays, alleviating environmental concerns and offering excellent service levels. 

The PI concept represents a vision for next-generation hubs, warehouses, transit and distribution 
centres, termed PI nodes, that are networked to integrate PI enabled TEN-T corridors in a secure and 
trusted architecture conceived from Internet inspired principles. Central to the PI approach are the PI 
node design, cargo routing strategies and state-of-the-art hyperconnectivity based on novel 
networking paradigms. 

The outcome of this research work is bringing the PI realization closer and although more work is 
needed towards a finalized and accepted framework, the efforts add significantly to the knowledge 
base of the PI concept. 

As way ahead future research may fine tune even more the interrelationships of the protocol layers 
as well as address the constraints and challenges identified throughout the ICONET project.  
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