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Abstract— With the introduction of paradigms like Internet of
Things, Cyber Physical Systems and Cloud Computing, Smart
Factories are becoming a central part of today’s manufacturing
systems. Even though there already are some solutions in the
market the full potential for smart manufacturing hasn’t yet been
achieved. In order to fulfil the gap European researchers are
developing vf-OS, a platform that aims to be the future reference
in future factories operating systems. In this work is presented
some preliminary results regarding the modules related to IoT,
event processing, situational awareness and data harmonization
that are being researched in the scope of vf-OS to achieve holistic
solution for industries, specifically targeting the agriculture
domain.

Keywords— agriculture; factories of the future; fiware; enabler;
smart farming.

I. INTRODUCTION (HEADING I)

With the development of technology, new forms of
agriculture are emerging in our society. The use of technology
is growing in order to improve agriculture production and have
higher profits. To achieve these goals, agricultural producers or
distributors use Information Technology and Communication
(ICT) to help to manage agriculture. Sensors can be used to
enable real time monitoring food's parameters, such as pH,
temperature, earth's moisture or oxygen flow. With these sensors
and its connection with the Internet, it is possible to monitor all
cultivations, even if they are apart, and predict and control its
quality and how much food can be sold. With the knowledge of
position, its values and seasonal care, tractors can supply plant's
daily needs, without human intervention. This sensor technology
that makes farms more intelligent, with real-time data gathering,
processing and analysis is called ‘smart farming’ [1].

Several plants production is increasingly threatened. Climate
changes, insufficient available lands, air toxins are some
problems that agriculture faces these days. One agricultural
solution to address these problems are plant factories. They can
be defined as horticulture greenhouses or automated system
facilities that have artificially controlled environments in order
to produce vegetables and seedling year-round [2]. By using the
benefits of smart farming, it is possible to turn the entire growth
process automated and leading economies in order to control
cost, quantity and quality against the required harvest time.

All these features have been addressed by European
Research Initiatives as the European Technology Platform on
the “Future Manufacturing Technologies” (MANUFUTURE).
This is a project which has the goal to implement research and

innovation methodologies to increase the rate of industrial
transformation in Europe [3], where Agriculture Engineering
Technologies (‘AET’), even being from a cross-sectorial
domain, is taking an effort to be integrated in the future of the
industry research [4].

With the uprising of technologies linked to industry 4.0 now
it is possible to create virtual factories. Virtual factory is one
digital representation of the real factory where actors can
simulate and operate the normal operation of the factory, predict,
find and solve malfunctions and take advantage of scalability. It
is also possible to add new services to the virtual factory and
perform impact analysis before applying them to the physical
one. To create a global standard virtual factory operating system,
the European Union under the Horizon 2020 Programme
commissioned the creation of a Virtual Factory Open Operating
System called vf-OS.

The vf-OS project aims to provide an economical multi-
sided market platform with the aim of creating value by enabling
interactions between different customer groups: Software
Developers; Manufacturing Users; ICT Providers and Service
Providers. In order to create value in such multi-sided platform,
v{-OS will provide a range of services to the connected factory
of the future to integrate better manufacturing and logistics
processes. Additionally, Manufacturing Applications Store (vf-
App) will be open to software developers who, using the free
Open Applications Development Kit provided, will be able to
quickly develop and deploy smart applications to address
different aspects of manufacturing industries. Vf-OS solution
will provide technology stack for device and legacy system
integration, sensorial system virtualization, complex event
processing, data harmonization and analytics, situational
awareness etc. This work aims to propose a solution for the
agriculture industry using FIWARE solutions to implement
some core functionalities and being aligned with the proposed
methodology formulated by vf-OS.

II. FACTORIES OF THE FUTURE AND INDUSTRIAL INTERNET OF
THINGS

According to [5] factories will tend towards flat management
structures with a more highly skilled and IT literate workforce
focusing on more product design, optimization, monitoring and
controlling of processes. These factories will rely on sensors and
actuators to allow production monitoring and control systems in
real-time. The information coming from the sensors will be
correlated with digital models and simulations resulting on a
high efficient situational analysis and task management. At the



same time the current trend of increasing development of
technology used in factories and in industry in general aims to
further improve the way robots and machines in industry are
being used. Briefly speaking they are being more and more
interconnected and optimized, which are specifically addressed
by a branch of the Internet of Things (IoT) dedicated especially
to the industry, the Industrial Internet of Things (IIoT). Simply
put, such as [6] ascribes to [7], “IoT is an information network
of physical objects (sensors, machines, cars, buildings, and other
items) that allows interaction and cooperation of these objects to
reach common goals”. The [oT has today many applications in
different domains such as transportation, healthcare, smart
homes and industrial environments [8]. When applied to core
industries, it can be called IIoT and its main purpose is to
transform the way field assets (e.g., machines or robots) connect
and communicate within a factory or between factories,
resorting to the use of sensors, advanced analytics, and
intelligent decision making [9].

Some efforts are being made to implement the IIoT in
today’s industry, starting by addressing the standardization
challenges, promoting open interoperability and the widespread
usage of a common architecture. Despite all progress and
improvement, there are still many ways to where IIoT can be
further improved and optimized. According to [10] test-beds for
smart production technologies (called experimental factories)
have been created with the purpose of establishing
interoperability guidelines and applying new IT technologies in
existing automated systems, and thus demonstrate how
technologies from different organizations can work together and
support new innovations. However, still according to [10] has
been no attempt to interconnect these experimental factories and
allow them to flexibly adapt their production capabilities based
on cross-site demands.

In order to manage the usage of all these smart embedded
devices in industry, applications become necessary to better
integrate real-time state of the physical world, and hence,
provide services that are highly dynamic, scalable and efficient.
To incorporate these functionalities principles of service
oriented computing (SOC) it is necessary to adopt the paradigm
of industrial systems. SOC is built upon services that provide
autonomous, platform-independent, computational elements
that can be described, published, discovered, orchestrated and
programmed using standard protocols to build networks of
collaborating applications distributed within and across
organizational boundaries. This needs to be implemented in the
scope of factory systems where infrastructures are composed of
large numbers of networked, resource-limited devices and
machines. Service orientation for modelling, representation and
implementation of such systems can enable such devices to offer
its functionalities and, at the same time, discover and invoke
others functionalities offered by services of other devices
dynamically and on-demand, as suggested by [11].

A. Important FoF Concepts

Based on the findings from the literature review, in [12] are
presented the principles that are used to obtain design principles
to factories of the future and that are relevant to this work’s main
goal. These principles are interoperability, virtualization,

decentralization and real-time capability and are explained
below.

Interoperability is the ability of two or more systems to
communicate and exchange data, even if the languages and
models used in their implementation are not the same [13]. This
means that the concept of interoperability is an important factor
on factories of the future because it will allow to enable
communications between the CPS, the installation network and
the people connected throw it.

The virtualization of the factories of the future can be
achieved using cyber-physical systems that are composed by a
physical entity embedded with a cyber entity [14]. The cyber
part contains a virtualization of the physical part so that it can
replicate virtually any behaviour of the physical machine. Being
a virtual/physical system allows the system to easily access and
store information in the cloud. CPS also contain wireless embed
wireless devices [15] which allow the various machines to
interact and communicate with each other and with the network.

III. FIWARE

FIWARE is a research driven project with the goal for
creation of a core reference platform in the scope of Future
Internet [16]. The project has delivered a stack of solutions for
internet technology which can be used in smart infrastructures
of different domains and that will contribute for the
technological competitiveness and Europe’s growth.

FIWARE offers customized open-source resources through
functional building blocks that are called Generic Enablers
(GEs) that ease creation of smart Internet Applications and
services. This GEs offer reusable and shared components, which
provides a concrete set of APIs and interoperable interfaces that
are in compliance with open specifications published for that GE
[17].

The FIWARE GEs are divided into technical chapters, each
one of them has its technological focus. For this paper, it will be
analyzed the GEs from FIWARE chapters: “IoT Services
Enablement” and “Data/Context Management”. IoT Services
Enablement chapter provides the GEs to allow any physical
object to become available, searchable, accessible, and usable
context resources fostering Apps interaction with real-life
objects. On the other hand, the Data/Context Management
enablers ease development in applications that require
management, processing and exploitation of context information
as well as data streams in real-time data. Together, these
enablers will help achieving functionalities to collect and
analyze a large quantity of information. Additionally, FIWARE
data/context management chapter looks forwards to develop
GEs that provide an easier and faster way to create or integrate
data analysis algorithms [18].

A. IoT Enablers examples

IoT enablers provide functionalities for connecting devices
using standard IoT communication protocols and providing
interfaces for the enablers at data/context layer. Basically, IoT
GE:s are spread over two different domains i.e. IoT Backend and
IoT Edge. IoT Backend comprises the set of functions, logical
resources and services hosted in a Cloud mainly focused on



management of IoT devices. While, [oT Edge is made of all on-
field IoT infrastructure elements needed to connect physical
devices to other applications. The GEs of interest are Protocol
Adapter - MR CoAP and Backend Device Management - IDAS
which fall in IoT Edge and IoT Backend domain respectively.

1) Protocol Adapter- MRCoAP

The “Protocol Adapter -MRCoAP” GE serves in between of
the registered devices (e.g. the patient sensor) and the gateway
that offers the communication layer to the host environment. It
supports data collection, sensor detection and connectivity. The
particular GEi for instantiation is MR CoAP Protocol Adapter,
which provides functionality to plug devices using on CoaP over
6LowPan protocol. The protocol adapter is designed to work
with IBMs Moterunner platform and communicates via
6LoWPAN and uses CoAP as application layer protocol. This
GE is linked with the Gateway Device Management GE or the
Data Handling GE [19].

2) Backend Device Management -IDAS

The “Backend Device Management -IDAS” GE allows
communication between backend and devices (e.g. via the
protocol adapter). This GE provides functionalities to connect
physical devices to a FIWARE platform. Other functionalities
of this GE includes manages loT-related NGSI Context Entities,
handles the connections and provides IoT Integrators with the
ability of transforming devices specific Data Models into the
Data Models defined at the NGSI level by different verticals
(Smartcities, SmartAgrifood, Smartports, etc.). The GEi that can
be utilized is Backend Device Management - IDAS that provides
functionality to translate IoT-specific protocols into the NGSI
context information protocol, which is the FIWARE standard
data exchange model. You do not need this component if your
devices or gateways natively support the NGSI API [20].

B. Data/Context Management Enablers examples

The Data/Context Management GEs provide functionalities
that will ease development and the provisioning of applications
that require management, processing and exploitation of context
information as well as data streams in real-time and at massive
scale. In this regard two of those enablers, are: FIWARE
Publish/Subscribe Context Broker Generic Enabler - Orion
Context Broker and FIWARE Short Time Historic (STH) —
Comet and are described below.

1) FIWARE Publish/Subscribe Context Broker Generic
Enabler - Orion Context Broker

The Orion Context Broker is an implementation of the
Publish/Subscribe Context Broker GE used to develop a
Data/Context Scenario through the NGSI9 and NGSI10
interfaces (Next Generation Services Interface).

In order to deal to physical devices through an Internet
approach i.e. to create the so called IoT devices, FIWARE
associated with OMA (Open Mobile Alliance) to create the
NGSI concept which enables a transition from device-level
information to Thing-level information and vice versa. In order
to accomplish so, two interfaces were created NGSI9 and
NGSI10. Both are RESTful API’s via HTTP but with slight
differences. While NGSI10 purpose is to exchange context

information, the NGSI9 is used to exchange information about
the availability of context information.

Using both the described NGSI interfaces the FIWARE
Orion Context Broker makes possible the creation of entities
with all the listed information. Making it also possible to update
that information and to subscribe to that information (be
informed when a change has occurred). The FIWARE Orion
Context Broker serves than an intermediate crossing point
between the Context Producers and the Context Consumers,
storing all the information in a Database (MongoDB is the
database used by Orion by default) which can be accessed by
both the Producers (to update or generate information) and the
Consumers (to query the entities or be notified through the
subscriptions).

2) FIWARE Short Time Historic (STH) — Comet

The Short Time Historic is a FIWARE component capable
of managing (storing and retrieving) historical raw and
aggregated time series information evolution in time of context
data (i.e., entity attribute values) registered in an Orion Context
Broker instance. Similarly, to the FIWARE Orion Context
Broker, all the communications performed by the FIWARE STH
make use of the NGSI9 and NGSI10 interfaces.

As stated, even though the FIWARE STH supports the
storing and retrieval of raw context information, (the concrete
entity attribute value which were registered in an Orion Context
Broker instance over time), its main capability and responsibility
is the generation of aggregated time series context information
about the evolution in time of those entity attribute values. In
order to keep track of the different values a certain attribute takes
over time, the STH makes use of the Orion Context Broker
subscription function, so that every time that attribute’s value
changes, the STH can be informed that the change occurred and
to which value the attribute has changed into. With this
information arriving every time a change of values occurs, the
STH keeps a history of the changes in a database (MongoDB by
default).

Using an HTTP RESTful API, external clients can query the
available historical raw context information maintained by the
FIWARE STH. By doing so the consumers get a list of the
different values that attribute has taken over time and at what
time the changes occurred. These results can be filtered to be
shown, for example, the changes the occurred in the last hour or
day, or the 10 last changes that happened, or from a specific date
to another specific date, etc. On the other hand, if it is historical
aggregated time series context information that the consumer is
after, the FIWARE STH, also through an HTTP RESTful API,
has many ways of interpreting the information and returning it
through many different aggregations.

IV. 10T AS A SERVICE

The Internet of Things presupposes the interaction between
physical world, objects and their virtual counterparts, allowing
these objects to capture and send information to the Internet. Or
as defined by [21], “the Internet of Things (IoT) consists of
networks of sensors attached to objects and communications
devices, providing data that can be analysed and used to initiate



automated actions”. In order to integrate all this physical objects
with the digital world, it is necessary to find a way to make them
accessible in the Internet, and therefore an Internet of Things as
a Service approach is necessary.

1) Model

The first step is the creation of a model through which the
physical “things” can be found and accessed. According to [22],
the research so far developed in this area, has focused mainly on
“sensor descriptions and observation data modelling” that offer
sensor measurement data services on the web.

2) Framework

The second step in the Internet of Things as a Service
paradigm is the creation and usage of a Framework. In order to
make the paradigm accessible to everyone, and to make sure all
will benefit from it, an open service framework needs to be
created. According to [23], even though there have already been
made some [oT Frameworks, those were mainly created by big
enterprises such as governments or companies and are mostly
based on B2B (Business to Business) and B2G (Business to
Government) business models. However, there are also open
service platforms for IoT such as Cosm, former Pachube or
EVRYTHNG.

3) Mashup

The idea behind a “Mashup” is to create new content by
reusing or recombining previous existing content from various
sources. A Mashup is, therefore, a way to compose a new service
from existing services and, “when applied directly to the Web
domain, a Mashup is a Web-based application that is created by
combining and processing on-line third party resources that
contribute with data, presentation or functionality” [24].

Unlike regular Web Services that are provided in a specific
domain and available at any time in the web, IoT devices,
providing a service, are not always available and not always
working in the same place, in addition to the number and variety
of connected devices. To solve this problem, a solution is
presented in [25], where an JToTMaaS (IoT Mashup as a Service)
is introduced. IoTMaaS is defined as “a mashup of things,
software, and computation resource”, and is presented as a
cloud-based IoT mashup service model. In IoTMaaS, thing is
described as “any identifiable object which can have sensing and
actuation services; software is an “assembly description of
software components”; and computation resource is “a current
computer model consisting of CPU, memory, disk, persistent
storage, network, etc. How these components interact with the
IoT world is depicted in Fig. 1.
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Fig. 1. IoTMaaS concept, adapted from [25]

When applied to the Internet of Things, the loTMaaS
whose concept is depicted in Fig. 1, allows every IoT device to
provide its service disregarding which platform it works on or
which protocol it uses to communicate, because regardless of
this vast heterogeneity of devices they are all treated equally by
the ToTMaaS. Therefore, users and or developers can make use
of all their IoT devices and enhance their functions resorting to
this Mashup. Technically, the enablers from the FIWARE IoT
enablement services viz. Protocol Adapter —-MRCoAP and
Backend Device Management- IDAS as discussed previously
will provide core functionalities for realization of [ocTMaaS.

V. VF-0S

The European vf-OS Project aims to be an Open Virtual
Factories Operating System, including a Virtual Factory System
Kernel (vf-SK), a Virtual Factory Application Programming
Interface (vf{-API) and a Virtual Factory Middleware (vf-MW)
specifically designed for the factories of the future. Positioning
of these different components in layered view of vf-OS is as
show in Fig 2. It can be noted that the App are the applications
that will be developed to implement different

functional/business requirements while other components
envisioned

provide core functionalities
manufacturing processes.

in general for

Fig. 2. High level view of different layers of vf-OS

This Open Framework will be able to manage network of
collaborative manufacturing and logistics environment, and
therefore enable humans, applications and devices to
communicate and interoperate in the interconnected operative
environment. Additionally, vf-OS will provide a set of Open
Services, rooted in the cloud and instantiated at the vf-OS
Platform, moving the industry from the device-centric to the
user-centric paradigm. This Open Platform is to be linked by



strong and advanced ICT (like CPS, IoT Cloud-Models, M2M,
etc.) in order to fulfil the actual need on the market for open
services interoperability based on data exchange. Vf-OS will act
as an intermediary between the applications of the factory and
the factory devices, eventually enabling factory functionalities,
services, devices etc. to be virtualized, executed and accessed in
ubiquitous manner. Similarly, to a regular OS the vf-OS
comprehends core functionalities, but mainly focused in a
manufacturing environment. An analogy between some
components of a regular Software OS and the vf-OS
Manufacturing OS is presented in Table I (adapted from the vif-
OS wiki glossary).

ANALOGY BETWEEN SOFTWARE OS AND VF-OS
MANUFACTURING OS

TABLE L

Virtual Factory Operating System

Software Operating System (vf-0S)

Kernel Virtual Factory System Kernel (vf-SK)
Processor, Memory, Internal Framework, Generic Enablers,

Bus Manufacturing Enablers

10 Virtual Factory Application

Programming Interface (vf-API)
Devices Drivers, APIs Connectors,
Security & Data Access

Interfaces, Peripherals, Device
Drivers, APIs

File and Data handling Virtual Factory Middleware (vf~-MW)
Data Infrastructure Middleware,
Interfaces Data Storage, Data Harmonisation,

Data Analytics

As described before, the vf-OS intends to be the reference
system/platform for providing common services for
manufacturing industry. This solution will be the part of system
software in a real industrial. In order to accomplish this, some
generic case scenarios have been established which can be
addressed with the vf-OS Platform and its Smart Applications.

The current industrial environment faces some problems
related to specific industries and respective sectors some of
which are addressed by vf-OS use cases. The developed
scenarios integrate both industrial and user scenarios as they
propose to produce advanced technical solutions to some of the
existing industrial scenarios by developing suitable applications,
whereas the user scenarios are described following a standard
methodology through well-defined objectives, processes,
actuators and possible sets of data. The scenarios addressed by
the vf-OS project capture the needs of different industrial sectors
and process domains. Table II, briefly explains some of generic
apps that v{-OS aims to develop that are equally applicable for
the research domain of this paper.

TABLE II. EXAMPLES OF VF-OS GENERIC USE CASE APPS

Name Description

A platform accessible to the farmers who shipped
goods in order for them to control and verify the
transport conditions and the safe arrival of the
products.

Platform also accessible to the transport providers for
them to be able to create and delete trucks which can
be used by the farmers.

The buyer must choose, between all its resellers, the
most desirable one, according to different factors.

In most of the interactions, between one agent who
produces the goods and the other agent who buys the

vOrder

vfNegotiation

goods, the purpose of the negotiation is to make the
better negotiation choice, between several agents.
Identifies if all the requirements regarding the
processes of fruit calibration and selection have been
achieved. This tool will act whenever new sensor
values are retrieved and will find all the context that
affects them. This provides an extra insurance
regarding the product quality that aims to help a
producer to have a higher fruit quality level compared
to other fruit producers

A farmer can submit a context and it’s corresponding
rules within the system which means that he can have
control above every quality checkpoint within the
system. Because vProductMon communicates with
vFailure it will display any context evaluation in real-
time.

vFail

vProductMon

VI. THE AGRICULTURE SCENARIO

In order to further explain the practical application of the vf-
OS paradigm, let us consider a scenario in the domain of
agriculture industry. This scenario is simply described as a real
fruit production chain.

The process begins with the harvesting of various types of
fruits by several different farmers. The collected fruit is then
manually or automatically split according to different factors
(type, size, weight, brand, quality, etc.), and stored in boxes
grouped by the desirable factors. When a buyer seeks a buy with
a specific type of fruit with specific features, he/she can make
use of a buying application where he can find the sellers of the
fruit with those specifications and from where he can emit an
order to acquire the fruits taking into account the price of the
fruit, the seller, the quality and so on. Once the buying order
reaches the producer, the latter dispatches the stock as described
in the order.
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Fig. 3. Practical Scenario Illustration

All the steps are enumerated in Fig. 3 and are listed and
briefly explained in Table III.

TABLE IIL SCENARIO STEPS EXPLANATION

Steps Explanation
1 Fruit harvest, controlled by IoT Devices
Fruit selection, separation (manually or automatically)
Farmer track of things (amount and quality of fruit, faults and
failures, spare boxes, etc.)
Buyer selection of type of fruit, weight and farmer

Buying order

Monitored transport to ensure success delivery

Monitoring production and checking for failures

=N h] W[




In the course of these steps different technologies can be
used for harvesting, sorting, packing, tracking etc. The producer,
while dispatching its fruits is able to control, in real time, all the
steps taken by the fruit since the its harvest to the time the fruit
is delivered to the buyer. Besides, he is always aware of any
faults or failures occurring during the process as well as keeping
track of the amount of fruit that is being harvested, shipped, or
removed due to not being in conformity with the quality
standards. At the end of this process, the buyer can have all
information of what was bought, i.e. access to all information
from the various process in the food chain from agricultural
production to consumption (which is commonly called “from
farm to fork™) [3].

This scenario demands different types of functionalities such
as transportation tracking, packing status tracking,
environmental monitoring of transportation condition, create
buying order, dynamic notifications of production/delivery
status etc. These types of functionalities are provided by vf-OS
apps. In Fig. 4 it is presented the connections between the real
scenario and the applications that answer to the generic Use Case
Scenarios. All applications are connected in the generic use case
scenario.

( vfHarvest \

-Efficient production line

-All production line and fruit's
fluids have sensors to monitor|
everything

( vOrder \

-Track transportation

-Ensure success delivery

viNegotiation
|-Release buying order
-Choose sellers from a list

|-Choose seller automatically

(best price, etc.)

\E—— —
t
vFail ( vProductMon \
—

-Responsible for having spare

-Real time monitoring and fla
boxes for packing

identification

-Packing must pass through
defined parameters

ey

Fig. 4. Use Case Scenarios Applications applied to the Practical Scenario
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Comparing with ancestral or traditional agriculture
approaches, where the entire farming and harvesting are
handmade and it is not possible to get explicit information from
the plantation’s conditions, the methodologies presented in this
scenario will bring an automatic and better overview of all the
agriculture supply chain that will facilitate its improvement.
Nevertheless, this scenario could be always enhanced with the
addition of new types of sensors and greater controlling
procedures, which may include data mining that aggregated with
a recommender component, would bring a more autonomous
and efficient function to the proposed system.

VII. IMPLEMENTATION

Using the FIWARE Generic Enablers and other technologies
it was possible to create answers to the Use Case Scenarios
applications presented in the vf-OS project, always bearing in
mind an answer to the described practical scenario. Four
FIWARE GEs were used (MRCoAP, Orion Context Broker,
STH — Comet and IDAS)).

In Orion’s model we can represent several entities associated
with resources that are accessed by services. The entities allow
creation of model of a sensor, along with the value retrieved by

the physical device. By querying features on this enabler and
applying certain filters on sensors’ values we can collect data
from the sensors as necessary for specified scenarios. Fig. 5
shows a very simple case of querying data collected by an entity
which happens to be a sensor.

In the use case scenario, the STH-Comet is used to process
the information stored within the repository, comparing it with
time periods. It allows to aggregate information retrieved in a
particular period of time which allows to drop meaningless
information. It also allows the system to perform several sample
captures within a defined timestamp. The use of these enablers
provides competitive testing options by providing its own nodes
and networks. The sets of tools provided allow users to access
and use high level functions/applications that otherwise would
have to be built from scratch.

{

"contextElement™ : {
"type” : "sensor”,
"isPattern” : "false",
"id"™ : "temperaturesensorl”,
"attributes” @ [

{

"name” : "walor”,
"type” : "int",
myalus®™ : "3"

}
1
}r
"statusCode” @ {
"code™ : "288",
"reasonPhrase™ : "OK"

¥
}

Fig. 5. Orion query result for a specific sensor

The MRCoAP enabler is used for connecting various low
powered devices that follow CoAP communication protocol.
This class of devices includes sensor nodes and actuators that
can be used for collecting data from the floor and passing actions
to be undertaken by devices respectively. Note that if the devices
are capable of communicating with internet protocols then they
don’t need to use the MRCoAP enabler. IDAS enabler is used
for management of different devices deployed on the floor.
IDAS also acts as the interface between the devices and orion
context broker enabler. In this case the devices are the data
producers and orion is the data distributor which are consumed
by different vApps.

Scenario / VApps \

Generic Enables

FIWARE Orion Context Broker = | FIWARE IDAS Device Management

FIWARE Short Term Historic | | FIWARE MRCoAP Protocol Adapter

Agriculture Scenario

Fig. 6. Scenario + VApps + Generic Enablers



By utilizing these different enablers, the vApps as described
can be implemented. Fig 6 shows the mapping with various GEs
that will be used for implementing the apps. For instance, vOrder
app provides functionalities for tracking transportation and
ensures successful delivery. Firstly, to track transportation
devices like GPS, speedometer etc. needs to be connected to the
truck and eventually connected to the Internet. These
functionalities can be achieved by using IDAS and MRCoAP
GEs. Then, to find the current status of the delivery, Orion and
Comet will process the data. Orion can also be utilized to
generate notifications of different events that can be detected by
time series analysis functionality provided by STH-Comet. As
an example of the implementation that is already being
developed, Fig. 7 shows a functionality of the vOrder-based
application.

|£] vOrder = Py

[ Truck Creation | Existent Trucks | Generate Values | CheckTransport | Detete Truck |

Transport Conditions

Truck D Truck1l |¥

MinValue  MaxValue Average Value
temperature 11.25 28.45 19.92
humidity ~ 20.79 77.69 51.07

Transport Condition

GOOD

Fig. 7. vOrder application functionality example

The same mentioned in Fig. 7 presents the layout of the
application during normal operation of one of its tasks, the
Checking Transport Conditions to be precise. Making use of this
vOrder application’s functionality the user can check in real time
the transport conditions of the goods being carried by a truck.
These include the values that truck’s sensors have read and the
maximum, minimum and average value of the last trip. Besides
the numeric information, the application also shows a qualitative
evaluation of the transportation conditions at the checking time.

VIIL

Next generation solutions for smart industries should
provide functionalities for machine-to-machine (M2M)
communication, advanced human-machine-interaction, and
data analytics through the device management. Additionally, it
is necessary to provide plug-and-play connections based on a
standardised toolkit among the different Virtual Factory 1/O
devices (sensors and actuators). In such case, the device
manager will be responsible for establishing an efficient
integration between factory devices and apps, enabling an
efficient response to changing designs at the virtual factory
level, and allowing a scalable platform through plug-and-play
capabilities. Concepts from IoT as service will be very
important to achieve flexible and scalable IoT based solutions.

CONCLUSIONS

On this regard vf-OS captures the notion of a manufacturing
“operating system” and makes full use of the “concepts” of a
classical software operating system such as that on a desktop
computer and provides the necessary tools to realise it either in-
cloud or on-premise. This manufacturing approach can enable
a whole new level of flexibility and scalability in the
manufacturing domain. In this paradigm, to support the core
functionalities of vf~-OS, FIWARE provides technical solutions
that provide implementations for IoT service enablement,
complex data processing, context management etc.

The research work presents possible solution that could be a
successful strategy for innovation on smart applications for
agriculture industry that will support collaborative production
and logistics processes in value chains. The proposes solution
will provide efficient and innovative cloud-enabled tools to
collaborate and optimize logistics assets, involving the whole
supply chain in the agriculture industry which is explained with
the scenario being tested and within the scope of this research
work. A range of services to enable connected fields of the future
to integrate better production and logistics processes will
provide space for independent developers to develop smart
applications and create value over the processes and data from
selected industrial domain. These smart applications will
provide functionalities such as demand forecast, planning,
supply, manufacturing, distribution, storage, and replacement /
recycling etc. in all the stages of production, delivery and post-
production processes. In order to validate the proposed solution,
we have planned to develop all the apps as mentioned above and
experiment with some real cases of agriculture industries within
the scope of the project virtual factory operating system (vf~OS).
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