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ABSTRACT
This paper deals with the issue of role of middleware in the process of data transformation,
aggregation, storage and analysis. Data used in the concept of precision agriculture is very diverse. Not
only in terms of sources but also formats. Farms use small sensor data as well as large files from
satellite systems for various analyzes. Selected middleware services will be evaluated using a multiplecriteria decision analysis.
In agriculture, the collected data need to be continuously analyzed and worked with. Data processing
procedures, especially with regard to Big Data, are not yet properly addressed in agriculture. As the
volume of data collected grows, the demands for efficient storage grows as well. It is necessary to deal
with this issue. The farmer's data sources can be divided between the data acquired by the farm from
its own internal, private data source and data obtained externally. External data can be used from
public open data databases or purchased.
On the basis of a multiple-criteria decision analysis of the weighted sum method, key criteria, selected
weights for the use of a small start-up company, ThingsBoard was released as a compromise option
with the highest value of 0.9. The second was DeviceHive with 0.833 and Mainflux, WSo2 IoT and
Thinger.io.
Keywords: middleware, internet of things, big data, sensor data, data transformation, data
aggregation, data store, data analytics

1. INTRODUCTION
The paper focuses on the issue of middleware as a tool for managing data from smart agriculture. The
paper continues on previous authors research in the field of IoT, Big data and smart agriculture.
(Stočes et al., 2018) and (Stočes et al., 2018).

1.1 Internet of Things and Middleware
Atzori et al. (2013) divided the Internet of Things paradigm into three groups in his work. The first
group, such as Internet-based Vision, which includes web stuff, Internet 0 and IP (Internet Protocol
address) for smart devices, is just connecting the device to the network. The second group is a
semantically oriented vision that can be summed up as knowledge of working with information. This
group includes data analysis and thus the middleware discussed in this work. The intersection of these
two groups is then smart connected middleware. The last group is a device-oriented vision that
includes the devices themselves. The intersection of all three groups is then the Internet of Things. The
whole scheme is shown in Figure 1 below (Dastjerdi et al., 2016).
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Middleware is a layer or set of sub-layers of software between different levels of an application. The
aim of middleware is to hide details of various technologies, protocols, network environments (Stočes
et al., 2018), duplicate data, as a higher goal is to shield the programmer from problems that are not
directly relevant to its scope and mission-specific development (Jarolímek et al., 2019). In addition,
middleware masks the heterogeneity of computer architectures, operating systems, programming
languages, and network technologies to facilitate application programming and management (Stočes
et al., 2019). The reasons for using middleware in IoT are much from the security discussed in the later
chapter, as well as its abstraction from the devices themselves (Kumarage et al., 2016). The
middleware discussed in this work is not an abstraction of the devices themselves, their I / O systems,
or the abstraction of networking (Cimino et al., 2019).

Figure 1. Internet of things (Atzori et al., 2010)

1.2. Middleware architectural designs
Middleware can be divided (Razzaque et al., 2016) into seven groups according to their design: event
driven, service oriented, virtual machine driven, agent driven, tuple space paradigm, database
oriented, and application specific. Some middleware is a combination of several groups that take
advantage of selected groups. The three most used and basic ones from which others can be derived
will be described. Event-based middleware, where middleware plays an active role in the data flow
and sends the data itself to the application layer. Service-oriented middleware where it is passive and
the data provides and exposes the API (Application Programming Interface). The last described pattern
will be a virtual machine-controlled middleware in which the middleware is passive in terms of
application layer and data only provides, but active against the physical layer in which it deploys virtual
machines (Liangzhao et al., 2004.).

2. METHODOLOGY
2.1 Middleware evaluation
Middleware services were selected, individual solutions for specific use cases were evaluated. The
main case is a small farm that wants to penetrate the smart farming industry and collect data from
them (10 data user). They are interested in further developing this project and have the capacity of
developers to develop their own solutions. Middleware services will be evaluated using a multiplecriteria decision analysis (MCDA) (Fiala et al., 1994), for which points will first be determined on a scale
from 1 to 10, where 10 is the best value. Subsequently, according to the use case, suitable scales will
be selected for literary research, the chosen use case as well as a number of experts dealing with the
issue of the Internet of Things at the Czech University of Life Sciences Prague and the Farms dealing
with smart agriculture. After the evaluation, a suitable compromise option will be chosen, or the
development options based on the results for individual use cases will be described. Based on the

12th EFITA International Conference | Rhodes Island, Greece | June 27-29, 2019

85

Digitizing Agriculture
survey, the following 8 evaluation criteria have been selected by the experts: Licensing,
Documentation & Community, Development, User & Device Management, Format Support, Database,
Data Distribution, Visualization (da Cruz et al., 2018).

2.1 Selected Middleware
The main selection criterion for the selection of middleware services was their availability and the
preferred option was open source, the possibility of testing in a time limited trial version or limited
demo functionality - the program was available for trial without credit card insertion. This excluded
options like AWS - Amazon Web Services with its IoT Core, Microsoft Azure - IoT Hub and the ability to
create its own middleware service using Elastic's ELK file - ElasticSearch for search, database and
analysis, LogStash for logging and data collection and Kiban for visualization. (Šimek, et al., 2019) These
solutions are very robust and are not needed for small business use. Middleware services were also
selected according to current developments, the latest update could not be older than a few months
and at the same time being developed by a company or group, not by an individual, this requirement
will exclude a small, unsearchable middleware that will be many. These small projects can bring value,
but in the case of using a small business that wants to continue its long-term development, and the
product is actively used, the likelihood of closing a product that is covered by an individual is too high
(Somani et al., 2019).
Five middleware services were selected for the final evaluation: Thinger.io, WSo2, IoT Mainflux
DeviceHiv, ThingsBoard. All selected middleware are available online.

3.RESULTS
For the weighted sum method, scores were assigned for each criterion of each middleware service
(Table 1.) All points for the weighted sum method are listed in the table below (Table 2.).
Table 1. Weighted sum method I.part.
Criteria

Licensing
Documentation &
Community
Development
User & Device
Management
Format Support
Data Distribution
Visualization
Database

Middleware
Thinger.io

WSo2 IoT

3
7

6
3

6
7
3
4
5
3

Mainflux

DeviceHive

ThingsBoard

10
6

10
10

10
10

3
2

6
7

8
8

10
10

10
4
7
3

8
8
8
7

8
7
8
7

3
10
9
9

The next step after filling the weighted table is to calculate the total benefit of the variant. This is
calculated by the scalar product of the values in the row with the values selected by the balance. The
result is a table of total benefits below (Table 3.)
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Table 2. Weighted sum method part II.
Criteria

Criterium
weight

Middleware
Thinger.io

WSo2 IoT

Mainflux

DeviceHive

ThingsBo
ard

Licensing
Documentation
& Community
Development
User & Device
Management
Format Support
Data
Distribution
Visualization
Database

0.15
0.2

0
0.57

0.43
0

1
0.43

1
1

1
1

0.2
0.05

0.43
0.63

0
0

0.43
0.63

0.71
0.75

1
1

0.15
0.1

0
0

1
0

0.71
0.67

0.71
0.5

0
1

0.15
0.05

0
0

0.5
0

0.75
0.67

0.75
0.67

1
1

Table 3. Result of multi-criteria analysis of variants.

Middleware
Overall benefit of the
variants
Order

Thinger.io

WSo2 IoT

0.231

0.289

5.

4.

Mainflux

DeviceHive

ThingsBoard

0.672

0.833

0.9

3.

2.

1.

On the basis of a multiple-criteria decision analysis of the weighted sum method, key criteria, selected
weights for the use of a small start-up company, ThingsBoard was released as a compromise option
with the highest value of 0.9. The second was DeviceHive with 0.833 and Mainflux, WSo2 IoT and
Thinger.io.

4. DISCUSSION
The multiple-criteria decision analysis is based on the best-rated compromise variant of the
middleware service ThingsBoard. If a small start-up company is taken into account, this service is very
interesting for it. Initially, the company does not have the money to buy a robust ready-made solution,
and for this free middleware they would have the opportunity to free up their 10 users. The suitability
of ThingsBoard would be enhanced by the user interface, which is much more accessible to nontechnical users and offers suitable presentation materials for potential clients. The second proposed
option could be to implement a custom solution that is being developed by a large multinational
corporation with library support in 4 major languages. Both variants have great documentation with a
detailed description of all key aspects, this fact supports better support on GitHub, on which
ThingsBoard is actively responding. ThingsBoard would be particularly useful when there is a need for
rapid prototyping of a solution, both to demonstrate an idea, a feasibility test, or to validate a concept.
Fast prototyping is enabled by the graphical scripting framework Rule Engine.
In the case of recommendations for medium to large farms, a different situation needs to be analyzed.
Large companies always prefer to develop a customized system tailored to their specific requirements,
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a second DeviceHive compromise option would be appropriate for this example. By covering the
programming languages with their libraries - Python, Java, JavaScript, Go - they cover most of the
common market in finding experts.
Other options had a greater gap in the multiple-criteria decision analysis than the first two variants
among themselves, which was due to the prevailing lack of evaluation in the core criteria,
Documentation and Community and Development. The last two variants of WSo2 IoT and Thinger.io
had poorly processed visualization and limited connectivity to external databases.
Comparing the results of multiple-criteria decision analysis with other sources and articles is not
possible because it cannot be found through a common search for similar comparisons. Online are to
find the introduction of individual middleware services, but not their comparison. There were lots of
resources on the Internet that compare middleware services in terms of their architectures and
implementations.

5. CONCLUSIONS
The aim of this work was to evaluate middleware services used for aggregation, transformation and
distribution of data obtained from smart agriculture sensor networks. In the first part of paper, the key
requirements for middleware services resulting from the literary research were analyzed. Each chosen
criterion was presented, described on the basis of what knowledge the method and procedure of the
evaluation follows and defined. The extent to which middleware has been addressed as a topic of work
has been precisely defined and the case of using a small start-up company for which criteria and their
weights have been described. The documentation and method of developing a particular middleware
service were collectively the most important criteria as key parameters for middleware solution
development.
In the next chapter, the middleware services were selected according to the basic criteria: available
online, open source, it is possible to try them in a time limited trial version or demo without the need
to insert a credit card. Middleware services also had to be actively supported by developers and the
latest update could not be older than a few months. Based on these initial requirements, 5 services
were selected - Thinger.io with UI development, WSo2 IoT with multi-format support and UI
development environment, Mainflux custom solution implementation service, DeviceHive with
detailed documentation, and ThingsBoard middleware that offered custom UI scripting via Rule Engine
framework. The services were presented and further described, their functionality, architecture and
other characteristics according to the selected criteria.
In the last part, selected middleware services were evaluated using multi-criteria analysis and suitable
compromise variants applied to individual cases of use were evaluated. The results are as follows
ThingsBoard with the highest value of 0.9. The second was DeviceHive with 0.833 and Mainflux, WSo2
IoT and Thinger.io. For the case of using a small start-up company, ThingsBoard appeared to be a
suitable compromise option, which had the most benefit in DeviceCritical analysis and DeviceHive.
ThingsBoard is suitable for rapid prototyping with the UI Rule Engine framework, which can be
implemented with its own implementation for this robust tool, offering asset management, user and
group management as an Asset Management feature. DeviceHive is suitable for both a small farm and
larger companies that want to work on their own solution with the support of an open source
middleware service that is being developed by a multinational company. DeviceHive has its own library
in multiple languages - Python, JavaScript, Java and Go. These results and findings can be followed by
a real project implementation, which will collect data from the Internet of Things devices and help in
selecting the appropriate middleware service.
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