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Abstract—Growing food for nine billion people is a challenge
we will face in near future. Digital technologies hold a great
promise to increase efficiency and use resources effectively. In
this paper we present a low-power and scalable IoT-based ar-
chitecture for home farmers and scientific purposes that enables
to verify the environmental impact on plants developments by
monitoring the soil moisture and temperature. The measured
values are transmitted via Bluetooth Low Energy (BLE) to a
gateway, e.g., a smartphone running the gateway app, to a
cloud platform that stores and processes the data. This data
is useful to give home farmers vital information, e.g., when to
water a plant or when the plant is prune to get infected by
a disease. This information is of great importance because it
helps to decrease crop failures and thus farm more efficient.
The hardware and software architecture presented is scalable
and designed to consume low power. Experiments show that it
is possible to create a high-spatial resolution by putting many
sensor nodes on a small area, in order to help research to measure
micro-climate.

Index Terms—Internet of Things, Precision Farming, Smart
Farming, Home Farming, Crop Disease, Micro-climate Measure-
ments

I. INTRODUCTION

The world population is expected to grow above 9 billion

people by 2050. Feeding all these people necessitates to

roughly double the food production, especially in the devel-

oping countries, by that time. This is also because the wealth

of the people increases and changes their eating behavior [1].

However, agriculture is already one of the major contrib-

utors to climate change and global warming, being responsi-

ble for emitting greenhouse gases, using most of the water

consumed on the globe, and being a main polluter to the

environment with run-offs from fertilizers and manure.

Hence, one of the main open challenges of the 21st century

is how to increase the food production, while decreasing the

environmental impact at the same time.

According to the experts [2], this can be achieved by:

1) freezing the agriculture’s footprint;

2) growing in a more efficient way on farm land already

available;

3) using resources more efficiently;

4) shifting towards a more vegetarian lasting diet;

5) Reducing food waste.

Based on these objectives, Precision Farming [3] can con-

tribute to especially improve a more efficient resources and

farm lands usage, by providing the digital technology and

infrastructure for optimizing the agricultural production and

enabling the application of the right treatment in the right place

and at the right time. Hence, Precision Farming does not only

provide positive effects on the environment, but it increases

a farmer’s profitability, making them more competitive in the

global market [4].

In crop farming, diseases still represent a major risk for

farmers in losing significant parts of their fields’ yield. Un-

fortunately, for many important diseases, there is still not

enough information available yet, for predicting their onset.

The farmers broadly treat their crops with pesticides, although

the plants may not get infected at all. In many cases, parts of

a agricultural plot are over-treated with pests and fertilizers,

while other parts suffer from under-treatment [4]. This rep-

resents a both expensive and unnecessarily harmful behavior

for the environment [2]. Studies show that an extensive use

of insecticides and fungicides had consistent negative effects

on the biodiversity. Moreover, insecticides also reduced the

biological control potential [5].

Looking on domestic scenarios, growing food in the back-

yard for personal use is increasingly getting popular: such

as example, in urban areas, people use their balcony or

community gardens to plant, grow and harvest their own

food. This is reaching a certain importance in more developed

countries, in order to learn about ones food. In particular,

quality and taste are getting more important and to get this

quality for a competitive prices, home growing is the way to

go. But home-grown vegetables and fruits also need care. They

are also endangered to getting infected by diseases or eaten

away by insects as food that grows on large fields. Especially

with the wrong care, wrong water level, sun deficiencies, etc.,

the proneness of getting ill increases.

To overcome this problem, prediction models for diseases,

in combination with remote sensing based on data of satellites,

weather stations and weather forecast, can alert farmers about

impeding diseases.

Thus, the farmer can optimize the amount of employed

fertilizers and pesticides. However, accurate prediction models

for a wide variety of crop diseases are still missing, and



this will require the collection of a large amount of data in

order to build them. Currently, on-ground weather stations are

deployed in order to measure the environment with low spatial

resolution. This is also due to the fact that commercially sold

weather stations are expensive. Instead, in order to collect the

information needed for an accurate monitoring activity, it is

necessary to measure also micro-climate, by increasing both

spatial and temporal resolution. New technologies, especially

facilitated by the uprising concept of Internet of Things (IoT),

hold a great promise to bridge this missing information gap

to improve and create crop disease prediction models.

The main contributions of this paper is in the design and

development of a Precision Farming-oriented sensor node for

agricultural purposes. This sensor node is designed, having the

IoT in mind, for Cyber-Physical Systems (CPS) in the agri-

cultural domain. In detail, the contributions of this paper are

the following. Firstly, we give an overview of the challenges

faced in gathering agricultural-based information. Secondly,

we introduce a way to overcoming them by designing a sensor

node for an IoT infrastructure that can be equally used by

either professional and home users. Lastly, we describe the

implementation of our IoT-oriented sensor node.

The rest of the paper is organized as follows. Section II dis-

cusses some related work. Section III describes the proposed

hardware, together with some challenges and the ideas behind

it. Section IV describes the already implemented software

accompanying the sensor’s hardware, its architecture and the

ideas behind it. Section V holds an experimental evaluation

of the deployed components, together with some analytical

results. Finally, in Section VI some conclusions and future

work directions are discussed.

II. RELATED WORK

Looking on sensors marketplaces, there exist several sensors

measuring factors responsible for the health of a plant. These

are designed either for domestic or professional use. In the first

case, they are usually cheap, instead not allowing the access to

their hardware and software components. This is problematic,

as a end user (e.g., a developer) cannot reprogram them for

scientific purposes. In the second case, although the products

are more expensive, the hardware and software are still not

accessible for scientific purposes.

The Chirp! is an open-source hardware plant watering alarm

[6] able to measure the soil moisture and emitting an alarm

sound (e.g., a beep) when the moisture level drops below

a user-defined threshold. Additionally, it also measures the

environmental light by using a Light-Emitting Diode (LED).

However, it does not have any possibility to transmit and

collect data in order to do further processing. Another project

with a consumer-centric approach is the helloplant smart-plant

sensor that was launched on Kickstarter platform [7]. Its aim

was also to measure the soil moisture, the ambient light and

the soil temperature. It was designed for home farming to in

maintaining keep plants alive easily by telling a user via a

smartphone app when to water the plant and where to place

it. Unfortunately, the campaign was stopped, so this sensor will

not be available for sale and there is also no documentation

about the sensor itself.

Professional-use examples are provided by companies like

Libelium1, Adcon2, AppsforAgri3 etc. Their sensing stations

measure environmental factors, like temperature and relative

humidity, soil temperature, soil moisture etc., while data is

then transmitted using various technologies to a cloud ser-

vice via the Internet, where the end user (e.g., farmer) can

access the data. Hence, the software provided together with

these products enables the user to obtain information about

the weather forecasting and when to employ pesticides for

protecting the plants.

Winkler et al. present a plug-and-play system consisting

of sensor nodes that measure soil moisture combined with

solenoids for a lawn irrigation [8] system. In their setup they

use the EC-05 sensors which determine the volumetric water

content by measuring the dielectric constant of the media using

capacitance/frequency domain technology [9]. The sensors are

connected to a power- and communication board based on

Tmote Sky. The components to build the node, without the

solenoid and without manufacturing cost $161, 57 [8]. Fur-

thermore it uses a communication technology that cannot be

used with state-of-the-art hardware, i.e., additional hardware

has to be bought to use the system.

The availability of a large amount of data in Precision Farm-

ing creates the possibility to use Artificial Intelligence (AI)

for improving the monitoring and the prediction techniques

employed with the goal to increase the health of animals and

crops. As a consequence, companies raised 800M USD from

2012 to 2017 for improving robotics and machine-learning

algorithms that are applied to the agricultural sector [10].

CB Insights splits the tech-companies working in agriculture,

into the following categories: satellite-imagery analysis, in-

field monitoring, crop and soil-heat assessment, agricultural

robotics, and predictive analytics [10].

With the emergence of the IoT, it becomes important to

classify and order the individual parts. The work by Haller et

al. [11] introduces a set of ontologies for describing sensors,

actuators and samplers, including their observation, actuation

and sampling activities.

Finally, the work in [12] represents a good overview in

which the authors show and compare various topologies that

can be used for an IoT infrastructure. Furthermore, they

describe all the necessary parts, means of communication and

protocols currently used in the IoT domain.

III. HARDWARE

In order to enable many people, including farmers, to

increase their yields in their home- or professional food

growing it is important to provide the necessary hardware,

especially sensors, that help them to achieve the goal. To make

this hardware usable, without investing a fortune, the focus

of designing such a system is in using as much available

1http://www.libelium.com/
2https://www.adcon.com/
3https://www.smartfarm.nl/









micro-climate, can help to gather data and create new and

improve existing disease prediction models. This shows that

consumer electronics can be used for scientific research and

vice versa.

VI. CONCLUSION AND FUTURE WORK

We propose a low-power and scalable IoT architecture for

remotely measuring soil moisture and temperature data via

BLE through a gateway that can be connected to a cloud plat-

form. The sensor node can be used for agricultural purposes in

the domestic area to improve home-farming, or in the scientific

area to do research on plant diseases in order to create new

and improve existing disease models. During both the design

and implementation of hardware and software components, the

focus was on creating and publishing open source schematics

and software, and also on reducing the power consumption.

At the current stage there is an Android mobile application

available that connects to the sensors and synchronizes the

data with a Thingsboard IoT platform. Experiments show that

the architecture is scalable, i.e., it is possible to use many

sensor nodes on a small area, and that a 350mAh battery

powers each sensor node for more than 3 months.
To further improve the sensor node a couple of things can be

done: increasing the battery life by extending the advertising

protocol with additional information, e.g., another bit that

symbols an alert. This alert can be used to show a dangerous

stage, e.g., pre-defined threshold is exceeded, or the memory

to store the data is running out. This helps to minimize

the amount of synchronizations and further decreases the

connection and discovery overhead that consumes energy.
The evaluation of the power consumption can be further im-

proved. Exact measurements on when the power is consumed

can help in optimizing the software, both on the sensor node

itself, as well as on the gateways.
We also plan to evaluate a new SoC that implements

multiple communication technologies (e.g., BLE and IEEE

802.15.4) to make the sensor node suitable to be used in other

industrial settings.
The Android software needs to be made more user-friendly.

Currently the software is searching for sensor nodes and

synchronizes the data if it is available. Further improvements

can be made by creating a list of plant that was found by

the app. Additionally an app for iOS devices needs to be

developed.
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