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Abstract: The smart scenarios are in continuous advance thanks to the 
group of devices that are always connected to Internet. In the last 10 years this 
phenomenon has been called Internet of Things (IoT). The adoption of the IoT 
to generate these intelligent scenarios or smart has motivated that governments, 
universities, research centers or companies are in constant evolution to face 
the challenges brought by the deployment of IoT platforms. Its disruption in 
all environments generates large volumes of data, requirements by users for 
their applications to respond in real time, but with low bandwidth or power 
consumption, and without delays. The challenges presented by the development 
of applications for the IoT has occasioned the emergence of technologies such 
as Edge Computing. This paper presents GECA: A Global Edge Computing 
Architecture, an architecture based on Edge Computing, which has been deployed 
in smart farming and smart energy scenarios, with the aim of demonstrating 
that it is possible to reduce latency, energy consumption and bandwidth costs 
and integrate Edge computing in IoT platforms.

Keywords: Edge Computing; Reference Architecture; Internet of Things; 
Industry 4.0; Smart Energy; Smart Farming.

1 Introduction 

The term Edge Computing is not new, its origin dates back to the 1990s, 
when Akami Technologies coined it to refer to content delivery networks 
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(CDNs) [1]. After Akamai, it is again in 2016 when the term begins to arouse 
the interest of organizations, governments, universities and researchers for its 
potential to facilitate the deployment of the Internet of Things. 

The Internet of Things, has been defined by various authors as the inter-
action and communication carried out between the connected devices that 
generate and exchange data with things or objects of the real world [2-15]. 

The IoT has extended to a wide variety of environments and disciplines, 
including solutions for the development of intelligent cities, intelligent 
farms, smart energy, smart health, logistics and transport. The number of 
heterogeneous «things» such as buildings, machines, vehicles, homes, people 
connected to the Internet or to each other through electronic devices that 
communicate using a set of standard protocols, form a set of networks that can 
generate, process, store and obtain useful information for organizations. The 
EC allows the optimization of computing processes as it does not depend on 
cloud computing for the execution of these processes [16-30].

One of the first scenarios in which the usefulness of Edge Computing has 
been validated has been Industry 4.0., where it has been presented as an al-
ternative to solve the problems generated by the large data flows generated 
by IoT devices. In the context of Industry 4.0, A state-of-the-art review have 
conducted of the main references architectures that include EC technology 
[31-42]. 

2 A Global Edge Computing Architecture

The revision carried out of the reference architectures that are focus on the 
use of Edge Computing as a method to reinforce the capabilities of IoT and 
Cloud Computing, identified a gap in the development of architectures that 
integrating edge computing, it is possible to deploy in environments other 
than Industry 4.0. This motivated the design of a new Edge Computing Ar-
chitecture, with the following purposes: 

• Facilitate a real-time analysis of data at the level of local devices and 
edge nodes, without dependence on the Cloud. 

• Reduce operational and management costs by reducing traffic and data 
transfer between the Edge and the cloud. 
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• Improve application performance by achieving lower latency levels at 
the edge of the network compared to the cloud. 

• Enhancing security to through the block chain technologies that will 
be incorporate to the architecture from the lower layers of IOT to the 
upper layers of the cloud. 

The Global Edge Computing Architecture was proposed by Sittón-Can-
danedo et al., in [43]. The architecture is made up of three layers (see Figure 
1): 

• IoT: it is integrated by IoT devices mainly used to monitor services, 
activities or equipment in operation, such as: sensors, actuators, smart-
phones, controllers. The communication is done through wireless stan-
dards (Wi-Fi, BLE, ZigBee, LoRa or SigFox). The main function of this 
layer is the management and storage of the computing resources of IoT 
devices. The security in the architecture starts in this layer by incorpo-
rating Blockchain for the protection of the data generated. 

• Edge: this layer integrates edge computing for hardware management, 
represented by the IoT devices of the lower layer. The data filtering and 
processing processes are carried out in the Edge layer, which, unlike 
the existing reference architectures, allows the deployment of low-cost 
solutions such as the micro-controllers incorporated in Raspberry Pi or 
Orange Pi. The characteristics of these equipment’s allow the process-
ing of a much greater amount of data than the ones that are currently 
incorporated in the IoT devices. The purpose of integrating them into 
the architecture is to minimize energy consumption and at the same 
time allow the execution of logic programs and reading control, as well 
as filtering and preprocessing data using machine learning models and 
algorithms (e.g.: TensorFlow Lite) on a server based on Node.js that 
collects data from IoT sensors. Therefore, data filtering running on this 
layer reduces latency and bandwidth costs by limiting data traffic to the 
cloud on the platform on which the architecture is deployed [44-50]. 

• Business Solution Layer: The architecture is designed to integrate the 
Edge with the Cloud, by including in this third layer the set of services 
and applications needed today for any business. It can be deployed as an 
online platform that can run on public or private cloud servers. Calls are 
made individually to each API and are activated when the user demands 
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the use of interactive interfaces of the applications that are part of their 
business intelligence [50-63]. 

Figure 1. Global Edge Computing Architecture.

So far, the architecture has been deployed in two cases of use: 
• Smart Farming: with a platform designed to monitor and optimize 

the management of agricultural and livestock farms in a mixed dairy 
farm in Castilla y León, Spain. The aim is to reduce time, bandwidth 
and storage costs through efficient management. The deployment of 
GECA made it possible to locate the animals and monitor their health 
conditions in real time in less time and in a more economical way. On 
the other hand, the application of the data analytics techniques of the 
Business Solution layer helped to detect in a timely manner the pres-
ence of specific diseases in cows thanks to the association and analysis of 
the parameters obtained.

• Smart Energy: To validate GECA functionality in a Smart Energy sce-
nario with IoT applications, the architecture was deployed in CAFC-
LA, a framework to encourage energy consumption efficiency in public 
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buildings by applying social computing. CAFCLA was developed and 
evaluated by [64-70]. When integrated with GECA, two tests of four 
weeks each were carried out, resulting in a reduction of the data sent 
to CLOUD. In this scenario the reduction in energy consumption was 
considerably greater than in Smart Farming [71-75].

To analyze the disruption of Edge Computing in other environments, a 
state-of-the-art study is conducted to identify existing solutions to the prob-
lem posed and present a new solution. In this regard, the Systematic Mapping 
Study methodology was used to identify existing solutions in which EC is 
applied to Smart Energy environments [76-80]. 

The papers analyzed in the SMS were classified according to the type of 
solutions they offer for a Smart Energy environment. On the other hand, it is 
a complex scenario with development requirements and proposals aimed at 
reducing the cost and energy consumption, contributing to obtain operational 
efficiency, through the intelligent management of infrastructure, make deci-
sions based on data analysis and access to information in real time [81].

3 Conclusion

The demand for applications capable of responding in real time regardless 
of the scenario or the environment variables in which they run is growing.

This demand has contributed to the interruption of increasingly accessible 
technologies such as large data, the Internet of objects, artificial intelligence, 
automatic learning models, business intelligence techniques, to mention just 
a few, which are adopted by large companies to continue operating efficiently 
and effectively in an increasingly competitive digital market.

Small and medium enterprises seek to access this type of market through 
cheaper platforms, but at the same time are adequate to ensure their com-
petitiveness and the extraction of the knowledge needed to keep a current 
company.

This paper presents GECA and its deployment in two smart scenarios in 
which there are Internet of Things devices. The results obtained in both sce-
narios demonstrate that it is feasible to provide small organizations or com-
panies with more accessible and economical platforms. GECA allows the 
reduction of costs for hardware, energy consumption, transfer and storage of 



Ediciones Universidad de Salamanca / cc by-nc-nd The role of Artificial Intelligence and distributed 
computing in IoT applications, pp. 85-96

[90]

Inés Sittón-Candanedo / GECA: A Global Edge Computing Architecture

data to the cloud (whether public or private) and to balance the burden of 
computing processes.

As future lines of research, GECA will be deployed in other experimen-
tal scenarios in which it is also possible to evaluate the reduction of latency, 
comparison of the reduction of data transfer and costs when using a cloud or 
another, even evaluating the providers of these services.
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