Smart feeding in farming through IoT in silos
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Abstract Smart farming practices are of utmost importance for any economy to
foster its growth and development and tackle problems like hunger and food inse-
curity and ensure the well-being of its citizens. However, such practices usually
require large investments that are not affordable for SMEs. Such is the case of ex-
pensive weighing machines for silos, while the range of possibilities of the Inter-
net of Things (IoT) could intensively reduce these costs while connecting the data
to intelligent Cloud services, such as smart feeding systems. The paper presents a
novel IoT device and methodology to monitor quantity and quality of grains in si-
lo by estimating the volume of grains at different time instants along with temper-
ature and humidity in the silo. A smart feeding system, implemented via a virtual
organization of agents, processes the data and regulates the grain provided to the
animals. Experimental on-field measurements at a rabbit farm show the suitability
of the proposed system to reduce waste as well as animal diseases and mortality.
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1 Introduction

Smart farming techniques have been put in the forefront of many farmers and food
produces as long as they can reduce costs, facilitate traceability, and increase secu-
rity [1, 2, 3]. Many smart farming technologies require large investments in intel-
ligent devices, however, the irruption of the Internet of Things (IoT) is increasing-
ly reducing these investments. Such is the case of expensive weighing machines
used to calculate the quantity of grain in silos. Silos are big structures that are used
to store bulk quantity of materials like cement, grains, saw dust, food products,
etc. (see Fig. 1). In agriculture, they are used to store grains and protect them from
being attacked by insects, rodents, birds and also provide a medium to store large
quantities of grain over long time with protection. The aim of this paper is to de-
velop an affordable intelligent system able to measure the volume/weight of the
grain in different silos, together with ambient conditions, and intelligently use
these data to regulate feeding of animals.

But, what is the use of knowing the volume of grains in the silo at different
time instants? The information on volume of grains plays a pivotal role in efficient
management of stock. By proper monitoring the volume of grains currently pre-
sent inside the silo, the farmers or industries can do a proper management of their
available stock and plan accordingly when they have to refill the stock so that they
are not at a risk of out of stock danger. The timely updates on the volume of grains
will prevent them from losses incurred due to unavailability of stock and also im-
prove food security and help to fight hunger, where one of the major causes of the
hunger is due to improper management of grains after post-harvest. Also the tem-
perature and humidity monitoring of the grains over time can help in ensuring the
grain quality and it can alert the farmer of the degradation in the quality of grains,
thus not only preventing losses for the farmer but also instrumental in tackling
hunger and food insecurity due to poor quality of grains. Moreover, with the farm-
ers and the owners of silo having updates on volume of grains in the silo through
the continuous monitoring of the silo content, they are able to plan when they need
to purchase the next stock according to the market availability of grains and the
price of grains in the market.

In addition, one of the major causes of failure of silos filled with small grain
size products is due to the distress in the structure which is caused as sometimes
the silo is unable to take the loads of the product which has been filled inside it.
Also sometimes failure occur after a little time after the outlet gate has been
opened for discharge as during the discharge process the lateral pressure exerted
by the stored grains on the walls of the silo exceeds the permissible level, since the
pressure exerted by the grains during discharge is more than the pressure exerted
by the stored grains and thus resulting in cracks in the walls or total sudden fall
down of the structure. But once the user is aware of the volume of the grains in-
side the silo, the user will be able to prevent situations like overloading of the silo
with grains, and prevent keeping silo filled with extra large quantities of grains for
a long time and thus it can prevent failure of the silo due to these reasons.
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Some approaches have dealt with the measuring of the volume of grains inside
the silo, however, they present different drawbacks such as the requirement of
constant contact between grains and sensor [4], or the limitation to liquid materials
[5]. Moreover, these systems restrict their functionality to measuring the volume,
while additional capabilities such as measuring ambient conditions, and intelli-
gently feeding animals are considered within the virtual organization of agents
presented in this paper.

This research paper deals with the development of an IoT device that can
measure the volume of the grains inside the silo at different time instants and keep
its user timely updated about the volume information along with the temperature
and humidity inside the silo so that the user can properly and efficiently manage
the quantity and quality of stock and prevent from out of stock risks, thus avoiding
losses and providing efficient management. The IoT device sends the data via
WiFi connection to a Cloud service that monitors silo and feeds animals. A virtual
organization of agents governs the system, where there are intelligent agents in
sub-organizations dedicated to collect data, fuse information, control feeding, or
active alarms in the case a risky situation is detected [6, 7].

The rest of the paper is organized as follows: Section 2 summarizes related
work regarding volume measuring at silos, Section 3 states the problem to be
solved, Section4 describes the deployed system, Section 5 discuss the experi-
mental setup and experiments, and, finally, Section 6 draws the conclusions.

Fig. 1. Silo structure and notations.
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Table 1. Notations

Notation Meaning

Hsensort  Distance of the obstacle measured from the GH-311 RT Ultrasonic sensor when the
GH-311 RT Ultrasonic sensor mounted on HS-645 MG Servo motor makes an angle
of 0 degrees with the vertical.

Hsensorz ~ Distance of the obstacle measured from the GH-311 RT Ultrasonic sensor when the
GH-311 RT Ultrasonic sensor mounted on HS-645 MG Servo motor makes an angle
0f 9.9 degrees with the vertical.

Hsensors  Distance of the obstacle measured from the GH-311 RT Ultrasonic sensor when the
GH-311 RT Ultrasonic sensor mounted on HS-645 MG Servo motor makes an angle
of 17.53 degrees with the vertical.

o2 9.9°= angle made by the GH-311 RT Ultrasonic sensor mounted on the rotating HS-
645 MG Servo motor with the vertical

o3 17.53°= angle made by the GH-311 RT Ultrasonic sensor mounted on the rotating HS-
645 MG Servo motor with the vertical

I Radius at level AO

2 Radius at level Al

13 Radius at level A4

Hi Height from level A0 to Al

Ha Height from level Al to A3

H; Height from level A3 to A4

2 Related work

The problem of estimating the approximate volume of the grains in the silo for
quantity monitoring along with temperature and humidity measurement for quality
monitoring has existed from a long time. This problem not only plays a vital role
for farmers and industries but also is an important aspect of ensuring food securi-
ty. Work related to this problem background of quantity monitoring inside silo has
been done in the past in the form of level measurement techniques of the fluid pre-
sent in the silo where this fluid could be solid like grains or liquid by making use
of appropriate sensor.

Grain level measurement technique by making use of capacitance based sen-
sors has been deployed in [4] to measure the grain level inside the silo. Their sen-
sor simulation showed that the readings were in accordance with the theory with
the condition being that the reference sensor was filled with grain completely
(whereas by making use of ultrasonic here we can make non-contact measure-
ments of the silo content). The limitation mentioned by them is that if one needs to
know the grain content inside the silo by using the grain level measurement read-
ings then it can come out to be faulty and this error is difficult to avoid for level
measuring systems for solids like grain, powders, etc. as the grain accumulation
inside the silo is not flat and it possesses a surface profile. This motivated a re-
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search to be carried out in the volume estimation of the grain content inside the si-
lo.

A sensor based fluid level measurement system has been applied in [5] where
the sensor design is based on a passive circuit comprising of inductor and capaci-
tor and the substance should be able to be placed inside the capacitance plates. In a
study on “liquid level sensor using ultrasonic lamb waves” [8], ultrasonic lamb
waves are used to detect the presence of liquid as the wave characteristic changes
when it comes in liquid contact. Liquid level measurement by using and applying
technology of optical fibers has been applied in [9] which makes use of the meas-
urement in the variations in amplitude where it is a function of the distance of the
liquid.

Work related to the problem background of quality monitoring has been done
through studying the temperature variations and moisture variations in the grains
inside the silo by installing the sensors at different points inside the silo. The tem-
perature variations in the headspace are larger than the temperature variations in-
side the grain mass and also the moisture change inside the grain mass is lower
than the moisture change in the surface grain [10]. Also, when a large dry bulk of
material is exposed at the surface to high relative humidity then the moisture dif-
fusion rate through the material is extremely slow in practical conditions [11].
This motivated us to install the temperature and humidity sensor at the headspace
in the silo rather than installing it at different locations inside the silo for tempera-
ture and humidity monitoring.

The quality monitoring plays an important role in detecting the presence of
beetles in the grains inside the silo. In a study on the influence of relative humidity
and thermal acclimation on the survival of adult grain beetles in cooled grain [12]
it was found that the survival rate was shorter at 45% relative humidity than at
70% relative humidity. Also it was found that at 45% relative humidity all species
survived when the grain temperature was at 13.5 °C but when the temperature was
further brought down to 9 degrees, only S. granaries did survive 26 weeks. Also,
in a study on the effects of temperature on the aerobic stability of wheat and corn
silages [13], it was found that silage kept at 30 °C had the highest production of
CO,, largest pH increase and the largest count of yeast than the samples kept at
10, 20, and 40°C. The samples kept at 10 and 40 °C were found to be stable. So
this motivated to measure temperature and humidity inside the silo to monitor
grains over time.

3 Problem statement

Since the level of grains inside the vertical silo is not known and also the sur-
face profile of the top portion of the grains inside the vertical silo is not known, it
makes it difficult to estimate the quantity or volume of grains inside the silo at dif-
ferent time instants.
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Without an effective system to measure the quantity or volume of grains inside
the silo at different time instants, it hinders proper and efficient management of
stock of grains thus, sometimes leading to scarcity of grains to the people leading
to hunger and food insecurity and sometimes there are excess grains leading to
losses to the farmers and industries and wastage of grains.

Without proper quality monitoring of grains in silo, the degradation in quality
of grains could not be managed and thus it can lead to grain shortage, hunger, food
insecurity and loss to the farmers.

In the following, we develop an IoT device that can give timely updates of
the volume of grains, V, .y, inside the silo at different time instants, reN,

along with the temperature, 7, .\, and humidity, M.y, data to monitor

the quality of grain inside the silo. The IoT device shall be located at the top
inside the silo and include an RF module that transmit data to an intelligent
Cloud system, based on a virtual organization of agents, which decides
whether to increase or reduce feeding of animals taking into account: con-
sumed grain, temperature, humidity, animal age, animal weight, weight evo-
lution, and the probability of disease.

Assumption: The surface profile of the top portion of the grains present in the
silo is assumed conical.

There can be different cases depending at what level the grains are present. The
different cases can be (see Fig. 2):

Case2
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Fig. 2. Cases 1, 2, 3 and 4, respectively, can be distinguished depending on the grain level.
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e (ase 1: when the grain level is between Al and A2. If this case holds, then,
Hy+H,/2<H,n<Hy+H,,and V, =V, +V, -V,

cone *

e (Case 2: when the grain level is between A2 and A3. If this case holds, then,
H3 <Hsensorl <H3 +H2/2 , and Vt :Vl +V2 _chne'

e Case 3: when the grain level is below Al. If this case holds, then,
Hy+H,<H,,, <Hy+H,+H,,and calculation of V, is straightforward.

e Case 4: when the grain level is above A3. If this case holds, then,
0<Hsensorl <H3,al’ld Vt :V1+V2+V3_V

cone**

H , and H

H sensorl > sensor
marked in Fig. 1, which correspond with angles 0, 9.9 and 17.53 degrees with the
vertical, respectively. These angles were calculated based on the geometry of the
silo. Then, the grain volume can be obtained, respectively, for the different cases

once the values of H .1 » H sopsorz » and H 3 are known.

censor3 are the distances measured at the positions

4 System description

The 10T device contains an ultrasonic sensor mounted on a servo motor that ro-
tates to measure the three distances marked in Fig. 1 between the top of the silo
and the grain level. It also includes a temperature and humidity sensor that informs
the user about temperature and humidity measurement data along with the volume
of grains inside the silo at different time instants. The results are shown on a web-
site and an Android Smartphone application. This information can help to eradi-
cate the problems like scarcity of grains and wastage of grains caused due to the
presence of unknown amount of grains or poor quality of grains inside the silo and
thus help in efficient quantity and quality management of stock. Fig. 3 depicts the
different modules that constitute the IoT device. It comprises:

NiFi module ESP

w
i

GH- Smartphone

Ultrasonic sensor cation

Fig. 3. Arduino Uno Microcontroller enables handling the different blocks that constitute the de-
signed IoT device.
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1. Arduino Uno: 1t is a microcontroller board based on ATmega328P that con-
trols all other modules.

2. GH-311 RT ultrasonic sensor: This ultrasonic sensor is used in the device to
measure the distance between the top of the silo and the grains at different an-
gles. The sensing range of the sensor is 2-8000 mm.

3. HS-645MG Servo motor: The GH-311 RT ultrasonic sensor is mounted on the
HS-645MG Servo motor so as to take the distance readings of the obstacle at
3 different angles namely 0, 9.9 and 17.53 degrees. The servo motor operates at
a speed of 0.24s/60°.

4. DHT 11 Temperature and Humidity sensor: The DHT 11 sensor is used to
measure the temperature and humidity inside the silo at different time instants.
The DHT 11 sensor has a measurement range of 20-90% RH and 0-50 °C. The
humidity accuracy is +5% RH and the temperature accuracy is +2 °C.

5. WiFi Module - ESP8266: The WiFi module is used in the IoT device to connect
the microcontroller to a WiFi network and helps in transferring the data re-
ceived from the 3 GH-311 RT sensor to the server via WiFi.

6. Wall Adapter: The wall adapter is used to convert the AC voltage from the
power supply to the DC 5 volt supplied to the Arduino Uno.

Fig. 4. Prototype of [oT device.

A server application calculates the volume of grains inside the silo at different
time instants by making use of the data obtained from the GH-311 RT Ultrasonic
sensor mounted on the rotating HS-645MG Servo motor. This quantity is translat-
ed into kilograms of grain based on the density of the filled variety. Finally, this
value is used to decide whether to increase or decrease feeding.

The server application is based on a virtual organization of agents. Virtual or-
ganizations can be considered an evolution of multi-agent architectures, which
have been extensively explored as an alternative to develop context-aware systems
[14]. This new perspective offers organizational norms, roles and the services as-
sociated with them. In the proposed system, there coexist different organizations
that jointly solve the smart feeding problem based on the established rules from
case-based reasoning on past experiences [15] (e.g., it is known that low or too
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high feeding can derive in animal death): data gathering, context, rules establish-
ment, decision making and feeding regulation organizations. The abovementioned
variables influence the feeding rate: consumed grain, temperature, humidity, ani-
mal age, animal weight, weight evolution, and the probability of disease

Finally, the server application displays data (volume, temperature, humidity,
etc.) inside the silo at different time instants on the web, and a Smartphone appli-
cation fetches the data from the server and displays it to the user.

5 Experimental evaluation

In this section, we evaluate the case study of the smart feeding system working on
a rabbit farm. We first describe the experiment and discuss the results afterwards.

5.1 Experimental setup

The IoT device was fitted at the lid of the silo at the top such that the [oT device
faces the grains. The silo was the model Aviporc 230/5, with diameter 2.3 m,
height 8.15 and capacity 21.07 m® (approximately 12 tons of grain). The device
was tested during 10 hours where the silo was filled with 6 tons of corn (approx.
10,5 m*), and 1 ton was pulled out at intervals of 100 kilograms every hour.

The values of H,,,,.1,H and H,,,; were determined with the help

sensor2 > sensor
of the GH-311 RT Ultrasonic sensor mounted on the HS-645MG Servo motor,
both of them were connected to the Arduino Uno. The HS-645MG Servo motor
rotated from 0 to 25 degrees and the distance readings from the GH-311 RT Ultra-
sonic sensor were recorded when the GH-311 RT Ultrasonic sensor mounted on
the HS-645MG Servo motor made angles of 0, 9.9 degrees and 17.53 degrees
from the vertical of the silo.

According to measured H ., »

H
case can be determined and it will tell us where the grains are present at a time in-
stant. With this information, the volume of the grains in the silo at different time
instants can be known by using the geometry of the given silo.

The DHT 11 Temperature and Humidity sensor was also connected to the Ar-
duino Uno. The DHT 11 sensor calculates the temperature and humidity inside the
silo every 5 minutes.

The server application connects to the MySQL database and stores all the in-

formation on sensor’s values like: Temperature, Humidity, H

sensor2 » and H .~ values, the appropriate

sensorl > HsensarZ >

H,,,.r3 and volume of the grains in the silo in the database.

Finally, the Smartphone application connects to the server and fetches the data
from the server’s database about the volume of the grains present in the silo at any
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instant of time along with the values of temperature and humidity. The
Smartphone application displays this data to the user.

5.2 Experimental results

Fig. 5 shows the actual and measured values of grain during the mentioned 10-
hours interval, together with measured temperature and humidity readings.

a).
) Weight of grains inside the silo (in kg)
6,500
6,000
5,500
5.000
4,500
09:00 10:00 11:00 12:00 13:00 14:00 1500 16:00 17:00 18:00
— Measured value  —— Actual value
b).  Temperature in the silo (in Celcius) C).  Humidity In the silo (in %)
36 £
22 36
28 34
7i I I I I I I I 32 I I I I
20 a0 I I
0900 1000 100 1200 1300 1400 1500 1600 1700 18:00 0500 1000 100 4200 1300 1400 1500 1600 1700 1800
I neasured value I Measured value

Fig. 5. The developed device smoothly estimates a) the volume of grain; b) the temperature; and
¢) the humidity in the silo, without the need of large investments for weighing machines.

The figure reflects the suitability of the proposed system where the error in
weight estimation is below 4% in all the considered cases, thus, enabling the smart
feeding system to reduce waste and animal mortality.
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6 Conclusions

This paper has presented a novel approach for monitoring the quantity and quality
of grains inside a silo as this plays a pivotal role in the field of agriculture and en-
suring food security, thus tackling hunger and providing efficient and effective
management of grain stock along with management of quality of grains. We have
developed a novel IoT device based on ultrasonic sensors that measures the grain
volume as well as ambient conditions, and sends this data to a Cloud application,
based on a virtual organization of agents, that regulates feeding based on these da-
ta and case-based reasoning. The experimental results in a rabbit farm show that
the proposed solution can be a very beneficial tool for the farmers, industry, indi-
viduals who own silo, etc. and help them in properly optimizing the available re-
sources and in taking well informed decisions.
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