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with soil moisture data, can then generate best irrigation,
fertilization and treatment schemes for crops [2]. Here comes a
third research and develop field, the one about intelligent and
automatic data analysis. More workpapers present experimental
results regarding correspondence between soil moisture and
trunk diameter. In [3] are presented diameter fluctuations of
young lemon trees under water stress and rewatering. There are
solutions, studies, research on automated monitoring and
analysis methods. In work paper [4] is presented a low cost
measurement system for trunk diameter fluctuations (TDV)
based on low cost microcontroller. Besides the contact
measurement, there are precise optical solutions for determining
the trunk diameter, as shown in the paper [5]. What is clear is
that real-time automatic monitoring significantly reduces the
impact of harm on the crop [6]. However, none of these have
resulted in a complete monitoring and analysis system. The main
contribution to this paper is the implementation of a soil
moisture and trunk diameter monitoring and analysis system that
uses recent research results from the three areas mentioned
above. Along with this contribution, we also have: implementing
proprietary solutions for data integrity on wireless channel with
low power consumption, building the stand-alone monitoring
system, using DL ANN-based intelligent solutions for detecting
patterns of fruit trees health status.

Abstract—The paper presents a solution for monitoring soil
moisture parameters and trunk diameter and automatic analysis
of their evolution for apple crops. Based on the evolution of the
values of these two parameters a determination of the health
conditions of the crop is made and then can be elaborated efficient
irrigation and fertilization schemes. Identifying the patterns that
indicate a certain health state of the fruit tree is done by using a
deep neural artificial neural network running on the server where
are the data from the monitoring system.
Keywords—Deep Learning - Artificial neural network (DLANN), soil moisture, tree trunk diameter

I. INTRODUCTION
Implementation of monitoring and analysis systems in
agriculture requires interdisciplinary collaboration. First of all,
there are requirements related to the field of agriculture and its
branches - for example, the fruit tree culture having peculiarities
for each tree species. For example, in apple crops, recent studies
show that a correlation between soil moisture and small
fluctuations in tree trunk diameter gives a much more exact
indication of its health status and therefore the state of the whole
crop [1]. The main issue is that these monitoring should be done
for shorter time intervals. Here comes the second research and
develop field, namely automated electronic monitoring solutions
and wireless data communication. These are the use of soil
moisture sensors and electronic dendrometer along with the use
of transceivers for wireless data transmission. Such systems can
replace the human operator by making measurements and then
transmitting the data automatically. The main challenge in this
area is to ensure the energy autonomy of the electronic
equipment while preserving the integrity of the transmitted data.
The largest consumer is the transceiver and for this reason lowpower communications solutions are proposed. Once the data
has been retrieved, their analysis follows. In the field of
agriculture - the fruit tree crops - is given different correlation
tables, obtained from previous researches and from them are
applied irrigation and fertilization schemes. The main issue is
the timeframe for analyzing data. Recent studies show that tree
trunk micro-oscillators detected at very short time intervals can
give valuable indications of the status of the tree and, correlated
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II. SYSTEM BLOCK DIAGRAM
Figure 1 shows a block diagram of the system. It is composed
of a monitoring station (it can be in a pilot several monitoring
stations) and a server. At the level of the monitoring station is
installed a dendrometer - which measures the small oscillations
at the tree trunk level (accuracy is 2um and depends on a number
of parameters of the trunk bark, including the degree of humidity
and temperature). Also, a soil moisture sensor is installed. The
Dendrometer, Ecomatik DC2, has the following characteristics:
minimum trunk size 2 cm, accuracy 2 um, temperature
coefficient <0.1 um / K, linearity 2%, operating humidity 0100% RH. For a trunk diameter between 10 - 40 cm it can
measure fluctuations up to 9 mm. The choice of a precision
dendrometer but with a smaller measuring range is explained by
the need to determine micro oscillations (invisible to the naked
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eye) that reflect the activity of the plant correlated with soil
moisture.
The soil moisture sensor produced by Watermark has a range of
soil moisture measurement ranging from 0 to 200 cb. with an
output between 50 Hz - 5000Hz (this is a periodic digital signal
whose frequency depends inversely on the value of the ohmic
resistance of the humidity sensor). Just as with the dendrometer
and here it is important to capture the small fluctuations according to the specialized documentation, these correlated
with the fluctuations of the trunk diameter reflect the state of the
plant.

Sensor data is captured on a local Waspmote Libelium v12
station based on the ATMEGA 1281 microcontroller and Smart
Agriculture sensor shield - also from Libelium.
Also, at the local station is connected a second XBee
communications shield in the 2.4 GHz free band. In the open
field, planted with fruit trees by placing the monitoring station
at the level of the tree crown and under the condition that the
receiver and the server are placed on a hill above the orchards,
the coverage area of our pilot is 1 km. The monitoring station
also has a 6600 mA / h battery that is charged from a 7V /
500mA photovoltaic panel. The system thus fed had an energy
autonomy throughout the tests that took place between April
and August this year.

Dendrometer

Tree
trunk

Moisture
sensor

Database

Data
encapsulation
& transceiver

Data
from
station

Data
receiver
(gateway)

Soil
moisture

Data &
classes

Events
collection
(CEP)

Status
class

Pattern
Recognition
(DL-ANN)

Researcher
dashboard
(Reporting
engine)

4U

SERVER
MONITORING STATION

Fig. 1. System block diagram. Left - monitoring station: moisture sensor, dendrometer and module for data encapsulation and data transmission. Right – server
with data collection module (CEP), pattern recognition module (DL ANN) and dashboard.

The requirement of the project is related to the continuous and
real-time availability of the measurement results. Data from the
monitoring station are required both in the learning mode and in
the test mode. Therefore, the important role, within the project,
of the monitoring station is to ensure the availability of the
measured data. This was made possible by scheduling a task that
acquires data periodically, at an interval of 10 minutes.
The second component of the system is the server. As shown in
Figure 1, it has several subcomponents. First of all, we have the
gateway - an XBee transceiver identical to the one used at the
monitoring station. The difference is given by the board on
which the XBee shield is installed - an 802.15.4 Gateway USB
SMA 5 dBI USB converter. Further, from the USB port the data
packets are taken over by a dedicated Complex Event Processing
module. It is specialized in retrieving the data provided by
sensors (events) and processing them in real time following a
series of rules that are defined through an administration
interface. In our case, data leaks have been filtered to eliminate
errors. In a window of 10 measurements the deviations from the
arithmetic mean greater than 100 um at the dendrometer and
greater than 20 cb at the humidity sensor were eliminated.
The validated data is then stored in a database (2 tables one for
diameter and one for humidity). Storage in two tables is
explained by making type 1 to n correlations between records
over a certain time interval.

978-1-7281-3330-0/19/$31.00 ©2019 IEEE

The next component of the server is the shape recognition
module based on an deep learning artificial neural network (DLANN). Its objective is to learn and then recognize the evolution
of the plant that reflects the appearance of water stress.
In the learning phase, a standard plant is subjected to accelerated
conditions of water stress (without being irreversibly affected).
Thus, through a fan is generated on the crown a dry wind that
promotes transpiration at the leaf level. Such a factor is applied
for 5 hours on sunny days. The values measured both in soil
moisture and in diameter reflect the behavior of the plant under
accelerated water stress conditions.
The inputs to the neural network are represented by sets of
values: 1 value of soil moisture and 5 values of diameter
measured over a time interval of +/- 20 minutes compared to the
value of moisture. So, there is a correlation between data related
to soil moisture and fluctuations in trunk diameter of type 1: 5.
The key to the correlation between the moisture table and the
diameter table is time (condition = / <= + 20 min /> = - 20 min).
The data is represented by 10 bits each, so we have a data set of
60 bits. A 5 hour interval contains 30 such sets.
The output is represented by a 4-bit value representing the 16
levels of water stress detected - 15 very high / 0 non-existent.
The system results that reflect the artificial neural network
training stage as well as the results that the network gives to the
test are displayed in a dashboard. Here are displayed the
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measured values as well as the results obtained from the module
of analysis and recognition forms.

normal) and 2 (the presence of slight ventilation at the level of
the crown).

Pattern determination
weeks /month)

III. RESULTS

Tree trunk (mm.)

The pilot performed consists of a monitoring station and a
server. The monitoring was performed at an apple crop during
the months of April - August this year. 2 weeks of each month
the network was trained under normal conditions and
accelerated water stress as shown above. Another 2 weeks the
network was tested using the learned templates.
As a result of the measurements, a variation of about 2 mm
was found under the conditions in which the soil moisture
fluctuates greatly (from 25 to almost 80%).
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Fig. 3. Operation stages

Figure 4 illustrates how the patterns are determined.
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Fig. 2. Examples of acquired data. Top – left: tree trunk evolution and right:
soil moisture. DL-ANN identifies at 27 – 33 second a normal health pattern id
- bottom.
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next

end

These oscillations reflect a normal state of the plant. Under
the conditions of the accentuated water stress and for the long
time, the oscillations of the plant are reduced. The level of
oscillations is influenced by numerous other environmental
conditions along with soil moisture: atmospheric temperature,
pressure, etc. That is why it is important to determine the
monthly patterns that define a plant under normal conditions or
one under accelerated water stress.
The stages of working with the system are presented in the
flow chart below (fig. 3).
The determination of the patterns was done by measuring the
humidity and the oscillations of the trunk and storing them in the
two tables in the database along with the information related to
the time when the data were acquired. In the third table are stored
values of the level of water stress (on scale 16) to which the plant
is subjected (accelerated or normal) - an example is in figure 2
below where we have a water stress level of 0 ( that is to say
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Fig. 4. Flowcharts for pattern determination (left) and learning and testing
stages (right)

Different levels of stress for the plant are set - these will
represent the outputs of the neural network. The inputs represent
the measured values of the trunk diameter fluctuation and soil
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moisture. The measured values are daily (within a 5-hour
interval where continuous purchases are made every 10 minutes)
and on several days stress level settings will be made (ventilation
of the crown that will accelerate the level of water stress). The
measured values and the state of the stress level are stored in the
three tables.
On the other hand, the neural network will use the stored data
set (in the 3 tables) as patterns for learning. The characteristics
of the neural network are shown in Figure 4, right side. The input
neurons correspond to a set of measurements for one hour. We
use 128 neurons in the hidden layer and 16 neurons in the output
layer.
The learning is done in 20 epochs, the optimizer is a downward
stochastic gradient and the activation function is of the RELU
type (if the input is below a threshold it will be 0 otherwise the
value of the input). The learning time is 41 seconds - according
to the report presented in the output console (first epoch 3
seconds the next 2 seconds - see figure 5).

The number of measurements is different per month because
in the 14 days of learning / testing, tests with the same stress
index were performed several days. Subsequently, the neural
network can only be used in test mode.

Fig. 5. Capture with final results after a learnng process

ACKNOWLEDGMENT

IV. CONCLUSIONS
The proposed solution allows the monitoring and analysis of
two parameters aimed at the activity of the plant: soil moisture
and micro-oscillations of trunk diameter. Through an intelligent
analysis of this information one can determine the profile of a
plant that is subjected to water stress. Thus, the necessary
measures to combat water stress can be determined before its
effects can be observed. The paper presents a pilot model that
was used for data acquisition and classification for 5 months.
The novelty element is the use of neural networks to
correlate the two measured parameters: soil moisture and trunk
oscillations..
As future directions are the extension of the set of
measurements for several fruit crops and for several seasons (for
example in winter) for the realization of a single comprehensive
database.
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The table below presents the test results for the 16 levels of
stress.
TABLE I.
Water
stress
level

RESPONSE PRECISION
Month

April

May

June

July

August

-

0

0.9778

-

-

-

1

0.9776

0.9776

-

-

-

2

0.9818

0.9776

0.9766

-

-

3

0.9777

0.9888

0.9767

0.9722

-

4

0.9721

0.9725

0.9765

0.9721

0.9766

5

0.9887

0.9763

0.9754

0.9723

0.9776

6

0.9787

0.9751

0.9755

0.9723

0.9775

7

0.9878

0.9743

0.9755

0.9723

0.9778

8

0.9778

0.9765

0.9782

0.9782

0.9754

9

0.9743

0.9745

0.9716

0.9778

0.9772

10

0.9782

0.9778

0.9787

0.9754

0.9772

11

0.9783

0.9723

0.9738

-

0.9722
-

12

0.9772

-

0.9745

-

13

0.9783

0.9742

0.9724

-

14

0.9721

0.9798

-

15

-

0.9772

-

0.9778
-
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