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Abstract. Imagine seafood supply chains where products tell you when and 
where they have been caught. Through graphical interfaces and applications 
running in live mode, the demonstrator presents a standard-based traceability 
system for seafood supply chains that increases business benefits and enhances 
consumer experience. The demonstrator stems from the research project 
“WINGS”[1] that aims at designing architectures embedding Discovery Servic-
es to retrieve decentralized data warehouses of manufacturing goods. The 
French Research Agency (ANR) [2] supports WINGS in the framework of the 
program “Future Networks and Services” (VERSO). 
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1 Introduction 

Global supply chains operating in a networked business-to-business world present 
tremendous challenges and opportunities for the so-called “Internet of Things”. In 
prospect, huge amount of different types of objects connected to seamless and ubi-
quitous networks will bring end-to-end visibility to the supply chain. To do so, intero-
perability between enterprise information systems is an essential condition, as out-
lined in the Global Commerce Initiative’s Report – 2016: The Future Value Chain [3]. 

Since the launch of the EPCglobal standards, more and more companies have 
started to explore the possibilities of using the related technologies, services and inter-
faces, such as the EPCIS [4], which represents the first step towards the usage of the 
EPCglobal network. The foundation for the kind of connectivity will increase visibili-
ty throughout global supply chains with a various class of new applications such as 
helping trace shipments, combat the introduction of counterfeited products and pre-
vent retailer’s out-of-stocks.  

To illustrate this next phase of supply chain development, GS1 and GREYC have 
designed and implemented a standard-based platform that simulates seafood supply 
chains as described in Fig. 1. 

mailto:Nicolas.Pauvre@gs1_fr.org�


One of its key standard-based components is an object directory service, called 
ONS (Object Naming Service) [4], which provides a lookup mechanism that enables 
anyone to find the address of services, such as traceability repositories (EPCIS). The 
ONS implemented in the platform is based on the proposition of the WINGS project 
in order to benefit of a multi-rooted naming service. With the same goals, the plat-
form functions in interaction with Discovery Services (DS) to allow access to all the 
data warehouses along the supply chain. The DS are mandatory when the supply 
chains are not simple linear chains as in our use case. Finally, a component at the 
application level is used to display the supply chain using an interactive map. 

 

 

Fig. 1. Seafood supply chains 

2 Architecture and Components of the Demonstrator 

The demonstrator is installed on a distributed platform, the so-called “IoTa 
form”1

                                                           
1 There is no direct connection with the European project so called IoT-A; http://www.iot-

a.eu/public 

. IoTa gathers nine EPCIS, three DS and the ONS system. These services are 
distributed over three locations (the GREYC laboratory, the CERTIC from the uni-
versity of Caen Basse-Normandie and Orange Labs Caen). Fig. 2 shows the deploy-
ment of these components. This platform puts the EPCglobal components in a realis-
tic situation according to the network heterogeneity and its inherent problems: fire-
walls, links speed, etc. Only the EPCglobal upper layers are deployed in IoTa. The 
components located in the capture layer (readers and ALE) are simulated using a Petri 
net simulator. 



The ONS system is used to locate the information system (the so called EPCIS) 
that stores the different events reflecting the objects along the supply chain. But there 
are several EPCIS used to store events about the same object (same identifier or EPC) 
as the supply chain involving many partners. In order to build a distributed architec-
ture, ONS is used to locate the first EPCIS, while DS allow giving access to all the 
EPCIS storing events about that object. The platform allows DS interconnection as 
described in [4], to benefit from a true distributed architecture. 

 

Fig. 2. The IoTa Architecture. 

The platform hosts two supervisors for servers and network monitoring. Thus, it 
can be used to experiment various solutions and measure their costs in terms of 
bandwidth and response time. 

This section describes the different components of IoTa, starting from the lower 
layers components.  

2.1 The Capture Layer Simulator 

The demonstrator simulates the readers and all the components of the capture and 
filtering layer using a Petri net. The simulator is based on the kernel called PNK-2.0 
developed at the University of Trier [6].  

In the model, transitions are used to represent the readers and the components of 
the capture and filtering layer. Places represent warehouses and transports. Thus, the 
supply chain depicted in Fig. 1 is simulated with a Petri net presented in Fig. 3.  

With the Petri net kernel, call back functions triggered when a transition fires, can 
easily be defined. In our case, an EPC event is synthesized and sent to a correspond-
ing EPCIS. When a transition has several input places, the transition fire produces an 
aggregation event. In that case, there is always a printer among the input places that 
makes the new tag.  

Furthermore, the kernel has been enhanced in a few ways. The graphical user inter-
face is more friendly. It is now possible to figure the places and the transition using 
any image (e.g., warehouse, factory, boats...). Popup menus may be used to parametr-



ize places and transitions. In order to make realistic simulations, transitions fire time 
intervals can be defined.  

The Petri net model has one restriction: at most, one transition may fire at a given 
time. This makes simultaneous event generation impossible. To overcome this draw-
back, it is possible to connect several simulators using pipes in order to simulate more 
exactly real environments.   

 

Fig. 3.   Petri net model for the seafood supply chains 

2.2 EPCIS 

IoTa uses the Fosstrak [7] implementation of the EPCIS standard. It offers two inter-
faces. The capture interface over HTTP is rather crude in the sense that a new event 
declaration is made with a simple HTTP/GET request. This event is stored in the local 
EPCIS repository. As it offers more complex requests and replies, the query interface 
uses the SAOP/XML protocol over HTTP. 

The EPCIS also offers a publish/subscribe mechanism. As the platform IoTa has 
DS servers, events captured by the EPCIS must trigger publications to the DS in order 
to be indexed. In IoTa, we chose to realize the publication to the DS using this pub-
lish/subscribe mechanism. It has the main advantage to need no modification to the 
EPCIS Fosstrak implementation. A new separate component, called IS2DS, has been 
designed. At the application deployment, it subscribes to the EPCIS for every new 
capture. Every minute, it receives a bunch of new inserted events. They may then be 
forwarded to the DS using the ESDS-1.0 protocol. 



2.3 Discovery Services (DS) 

The DS standards have been implemented by the GREYC laboratory.  The DS servers 
receive information from the EPCIS, so that they hold information for a given EPC 
code as soon as a new event is inserted. The DS server can then be deployed by users 
to find which EPCIS to query to find information about events concerning that given 
code. 

In order to allow several DS servers, we must have a mechanism that avoids query-
ing every DS to discover every EPCIS that keeps track of a given EPC code. The DS 
servers in IoTa implement the solution called “DSs” as explained in [5]. With that 
solution, a dedicated DS is chosen to be the so-called referent DS. This DS index all 
the DS as well as the multiple EPCIS associated with the EPC code. Whenever a us-
er’s level application wants to trace an object knowing its EPC code, it has to query 
the referent DS for the DS. These DSs will be in turn query for the EPCIS that will 
give all the relevant events. The ONS has been enhanced in order to keep track for the 
referent DS. 

2.4 Object Naming Service (ONS) 

The ONS standard is inspired from the Internet Domain Name System (DNS). Like 
the DNS, the ONS servers stand in a hierarchy of servers, but instead of associate an 
IP address to an Internet name, they associate an EPCIS IP address to an EPC code. 

For IoTa, as explained in the previous section, ONS stores also the referent DS ad-
dress for any EPC code. The DS address is stored in a NAPTR record under the quali-
fication EPC+DS instead of EPC+EPCIS for an EPCIS address.  

Furthermore, the ONS used is multi-rooted. Two versions are available: FONS [8] 
and PRONS. With FONS, root servers are dispatched using the country part of the 
EPC code. All the root servers share an associative array mapping country code to 
root server addresses. When a local ONS must answer to a query for a code it does 
not know, it forwards that query to its upper level server (just as for the DNS). If the 
root server still can’t answer, it uses the shared array to query the right root server that 
will be able to redirect the query to the correct local ONS. With the PRONS solution, 
the root servers share the information about the localization of a code implementing a 
dynamic distributed table.  

2.5 Application Layer 

The application layer gathers all the height level user’s applications. In order to simpl-
ify the development of such applications, the IoTa platform offers a dedicated inter-
face simply named the “application interface”. 

The “application interface” knows about all the EPCglobal components client in-
terfaces. It is able to query the different components of the IoTa platform: EPCIS, DS 
and ONS as shown in Fig. 4. Therefore, any client application that needs to access a 
resource stored in IoTa may use this interface.  The “application interface” offers two 
different protocols for the query interfaces: RMI and SAOP/XML. It can be consi-
dered as the IoTa API. Several high level methods are available such as queryEPCIS, 
queryDS or traceEPC.   



Let’s illustrate its use with an example of a client application that needs to track a 
given object (given its EPC). The client application must simply call the traceEPC 
method of the application interface. It is the application interface that will take charge 
of querying the different components of the platform. It will first use its ONS client 
module to retrieve the address of the referent DS for the given EPC. It then queries 
this DS instance using its DS client module to gather the addresses of every DS and 
EPCIS application that contains information for that given EPC. The application que-
ries, in turn, each DS to retrieve the address of all the EPCIS that holds information 
on the given code. Finally, as the application interface knows the addresses of every 
EPCIS storing events about the given EPC, it can retrieve all these events and send 
them back to the client application as a list of EPC events. This guarantees that the 
client retrieve a complete list of events to track the object.   

The GREYC laboratory has developed several client applications. The first one, 
the so-called IoTa validator, can validate the functionalities of every component. It is 
used in conjunction with the event simulator. As it knows about the events generated, 
it can then verify that these events are stored in the correct EPCIS and indexed in a 
correct DS that may be retrieved thanks to the ONS. Another application is offered to 
track things.  

The next section describes a more visual application that visualizes the route of 
goods using a cartographic tool.   

 

Fig. 4. IoTa application interface and ThemaMap client application 

3 Applications of the Demonstrator 

Supply chains events, from the fish boat to the retailer, are dynamically stored into the 
EPCIS servers. The capture of data is generated through the simulator application. 
Based on the events produced all along the supply chains, a query from an identifier 
(EPC) leads to the retrieval of data associated with the logistic activities of the sea-



food product. The traceability data are then displayed into a geographic map, using 
the ThemaMap application. In that way, the full history of the seafood product life 
cycle is displayed as shown in Fig. 5.  

The product is handled by multiple stakeholders (fishery, processor, distributor, 
wholesaler, and retailer) in various countries, depending on the business relationship 
among the stakeholders. Several scenarios of product life cycle are therefore possible.   
As an example, the first step is at the boat level, where the raw fish are caught by a 
fishery from Sweden, Norway or Alaska, and identified with an EPC (commissioning 
business process).  
Raw fish are then packed into logistic units (pallet) for being transported to a fish 
processor factory located either in France, Poland or in China. As the product is trans-
formed to a new item (fish fillet), a new EPC is commissioned to identify that trade 
item.  
Finally, the fish fillets are bought by a wholesaler or distributor for being sold to con-
sumers in a retail shop in Brussels or in Roma. At point of sale, the product life cycle 
information are displayed in order to let the consumer know about where the fish is 
coming from, when it was captured, by who and how, etc. The consumer can also get 
the traceability information directly on his mobile phone, by scanning the product 
code.  

4 Benefits and Lessons for Supply Chains Management 

The demonstrator is used to illustrate a next generation of solutions and services for 
business intelligence in the supply chain with broadly based and open business enter-
prise networks. It represents the important move onwards from RFID supply chain 
applications. The demonstrator figures out what this implies. 

Standards implemented enhance data management and quality that is shared all 
along the supply chains. EPCIS capture and query standard interfaces allow supply 
chains stakeholders to integrate and aggregate data from different sources in an auto-
matic way. That decreases manual data entry and results therefore in more reliable 
data to feed the business applications. So the demonstrator proves that a standard-
based approach reduces costs by facilitating the delivery of electronic messages to the 
supply chain partners.  



 

Fig. 5. Traceability of the seafood product presented with the ThemaMap application 

In addition, the flow of data, fully synchronized with the flow of goods in the 
supply chain, advance the development of innovative logistics services.  The ability of 
ONS to connect users to authoritative sources of information about the seafood prod-
uct in a standard way, gives rise to a new class of applications offering trusted and 
value-added information.  

The platform enables Internet-based applications to be dynamically developed in-
cluding – but not restricted to – business-to-business scenarios. As an example, data 
alignment provides key insights into supply chain activities to serve all corporate 
functions (marketing, manufacturing, quality, etc.). It could also serve consumers with 
mobile applications. Through the use of standards from end-to-end supply chains as 
well as Internet, traceability data on products can be pushed to the consumers. That 
will increase consumer experience, meet product safety and boost consumer confi-
dence, leading to an increase of sales. 
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