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Maize flour obtained from the dried corn is one of the most consumed foods in Rwanda. It is imperative that this should be
healthy and risk-free for a safe consumption. Therefore, it is vital to keep track of the environmental conditions during the
drying process and the characteristics that exist inside maize storage containers. In Rwanda, traditional methods are most
commonly used by maize farmers for drying and storage purposes, where no smart system is being used to monitor the
environmental conditions under which the maize grains are dried and stored. This mostly affects the quality of maize and flour
being produced which will finally affect food security. In this research, temperature, humidity, and light sensors are deployed
in the grain storage containers for environmental parameter detection purposes to achieve the primary goal of providing
practical, secure, and easily accessible storage in inclement weather. Temperature and humidity are two factors that have an
impact on grain quality while in storage. The ThingSpeak platform has been used to help farmers monitor the drying and
storing conditions of the maize on a real-time basis. A global system for mobile (GSM) communication module is used to
notify farmers by sending a short message in case of critical drying or storing environmental parameters under which the
maize grains are stored. The result is shown in the form of humidity, temperature, and light graphs which are displayed on the
ThingSpeak platform in real-time mode.

1. Introduction

Rwanda produces around 700,000 tons of maize every year
[1], and the active breeders report a satisfaction rating of
77% in maize [2]. However, a substantial portion of it is
rejected by agroprocessing companies due to aflatoxin-
related poor quality. The sixth priority area of the National
Strategy for Transformation (NST1) of Rwanda is targeting
to modernize and increase the productivity of agriculture
and livestock, in which building postharvest handling and
storage facilities across the country and adding value to agri-
cultural production has been identified as a key strategic
intervention. In the Industrial Master Plan for the Agro-
Processing Subsector (2014-2020) developed by the Ministry

of Trade and Industry (MINICOM), an agroprocessing sub-
sector master plan has been developed [3] to enhance tech-
nology in postharvest handling.

The transport of maize corns from the field to the drying
space is performed using casual labor. Many organizations
have a well-managed drying area and a hangar. During dry-
ing, maize corns are sorted and those which are inadequate
for seed are removed. Selected ones are dried up at 12%
grain moisture content; they are shelled and finally threshed
to remove foreign bodies and malformed grain. Shelling and
threshing are performed by hand [4]. According to a 2013
Ministry of Agriculture and Animal Resources in Rwanda
(MINAGRI) assessment on maize production, there is a sig-
nificant rate of postharvest loss (22 percent) due to poor
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handling, drying, and storage of crop harvest, and it is rec-
ommended that existing measures to develop maize cooper-
atives have to be strengthened to reduce postharvest losses,
enhance yields, and improve crop quality [5, 6].

Due to operational weaknesses and constraints at some
stages in the chain, such as maize production on farms (lack
of inputs, credit access, and price fluctuation) and processing
at plants (irregular and insufficient supply), and low quality
of drying and storage processes, local maize production is
unable to meet the strong demand in the growing trend of
maize-based products [7]. Assessment has been conducted
on the postharvest quality and economic loss [8] Due to sub-
optimal farming methods, smallholder maize growers are
experiencing huge yield discrepancies [9].

The Internet of Things (IoT) plays an impactful role in
solving these issues, by monitoring in a real-time basis the
maize drying process at every stage and notifying farmers
in case of critical conditions, to act accordingly. Some sen-
sors are to be incorporated in the system for sending data
over the Internet. It enables farmers to monitor their maize
remotely from any place by using a cellphone or a computer
and even on-site monitoring through a liquid crystal display
(LCD). This IoT system is very useful to farmers because
when critical storage conditions are detected, the farmer
can modify the storage environment or even relocate maize
to new storage.

Traditional methods are mostly used by farmers to dry
and store their crops; yet vision 2050 in Rwanda focuses
on stressing the importance of agroprocessing: advanced
food industry and technology-intensive agriculture with a
commercial focus under pillar II [10]. Farmers have to be
physically present at drying sites to handle drying issues
which usually takes about 3 months which is a long time
to dry maize to the required levels and sometimes ends with
infected crops due to humidity caused by the rain and inad-
equate drying methods. If losses are avoided through
enhanced harvesting, postharvest handling (cleaning, dry-
ing, and packing), and storage procedures, significant gains
in total production and productivity can be obtained in real
terms [11]. Farmers and traditional grain processors have
been trialling and erroring numerous traditional processes
that result in massive losses in stored pulse grains due to
bugs and pest infestation [12]. Agriculture is Rwanda’s most
important economic sector, accounting for a third of the
country’s GDP and over half of its export profits. As a result,
Rwanda’s government has prioritized agricultural develop-
ment, allocating large resources to increase productivity,
expand the livestock sector, promote sustainable land man-
agement, and establish supply chains and value-added
industries [13].

Modernizing subsistence agriculture through a crop
intensification program to address food security and
increase the country’s agricultural production is one of the
primary goals of the Economic Development and Poverty
Reduction Strategy (EDPRS). Maize, wheat, rice, and beans
have been recognized as priority crops, with an emphasis
on on-farm consolidation and farm inputs (seeds and fertil-
izers, mechanization, irrigation, extension services on the
use of inputs, and improved cultivation services) [5].

The food produced in many parts of Africa during one
harvest period may last for only a few weeks and must be
stored for gradual consumption until the next harvest, and
seed must be held for the next season’s crop. In addition,
in a market that is not controlled, the value of any surplus
crop tends to rise during the off-season period, provided that
it is in a marketable condition [14]. Therefore, the lack of an
efficient storage system to maintain the crop in prime condi-
tion as long as possible due to poor handling, drying, and
storage system increases losses and is inappropriate concern-
ing other factors such as economies of scale, labor cost, avail-
ability, building costs, and machinery costs.

Particularly in Rwanda, the postharvest losses are
around 16-22 percent for cereals and 11 percent for beans,
while the country is targeting to reduce that to 5 percent of
losses by 2024. Postharvest losses in grains are estimated to
range between 15% and 22%, according to the MINAGRI
[15]. As a result of the reduced supply, losses affect both pro-
ducers and consumers, lowering farmer incomes and
increasing customer prices.

The idea of drying crop production with the help of the
new technology is not new; this is the case of an IoT archi-
tecture and components from an agronomic and technolog-
ical approach where sensors and machine learning models
are used to play a huge role in cropping system simulation
programs that was discussed in [13, 16]. Sensors can be
embedded into grain storage containers to monitor temper-
ature and humidity; then, the collected data are sent to the
cloud platform for processing [17–19]. Smart systems can
observe and maintain the storage environment using an
Arduino and an Ethernet shield to send data in the MYSQL
database and establish connectivity with the sensor node and
web server, together with a mobile application developed in
an android smartphone, as detailed in [20, 21]. Cloud com-
puting plays a big role in monitoring crops for real-time
analysis of data acquired as discussed [22]. Some studies
suggest that drying the seed to around 2% moisture content
and adjusting the storage temperature and oxygen level of
the storage atmosphere can extend the storage longevity of
maize grain as demonstrated in [23]. Grain storage can be
fully automated using PLC and SCADA to prevent the for-
mation of microorganisms as developed in [24].

Sun dryer’s temperature has been monitored and
adjusted in accordance with the needs of a particular crop
[25], the operation of indirect solar dryers has been exam-
ined, and an IoT-based system has been implemented by
using deep learning method. Pavan Kalyan et al. [26] dis-
cussed alternative wetting and drying methods for crops
especially rice, this method brought a tolerance of up to
30-40% reduction of water supply during the main growing
period compared to conventional methods, and this contrib-
uted to the reduction of human processing tasks since the
precision farming approach provides better management of
crop. Rehman et al. [27] revised several IoT technology-
based techniques used to boost crop yield and save time,
done by monitoring farms remotely on real-time basis and
through distributed wireless sensor networks for inspection
and control. A technical guide for ag-IoT system design
and development has been made in [28] for crop, soil, and
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microclimate monitoring, where in order to convert the
labor-intensive job into an automatic, data-driven method
in agricultural production, the soil-plant-atmosphere con-
tinuum has been monitored automatically at a high spatio-
temporal resolution.

Grain storage system has beenmonitored on real-time basis
where several sensors such as DHT11, MQ2, MQ135, and PIR
sensors are discussed in [29]; regular updates of the system are
done by the Blynk application through notifications so as to
ensure online detection, regular updates, and easy maintenance
of the system. Information processing and prediction of grain
situation in the storage can be done by a host computer placed
in control room, and a computer terminal can be placed in the
granary for data acquisition while monitoring the grain envi-
ronmental parameters as detailed in [30].

This research contributes in resolving the maize drying
and storage issues faced by farmers by continuously moni-
toring the corn drying process at every stage and alerting
farmers to any critical situations for appropriate action to
be taken. Humidity, temperature, and light sensors are
incorporated in the drying and storage field, and these are
used to transmit data online. This system enables farmers
to keep an eye on their corn both locally and remotely.
The remote monitoring is done using a computer through
ThingSpeak or a smartphone through GSM, and the on-
site monitoring is done using a liquid crystal display (LCD).

This paper is organized into four sections. The first sec-
tion provides the general introduction of the study in which
various important topics are discussed such as the back-
ground on the current maize drying and storage practice in
Rwanda, the problems caused by the lack of a smart maize
monitoring system, and the related literature on the existing
works and gap identification. The second section discusses
the materials and methods used to carry out this research.
The results and discussions of the IoT-based real-time maize
crop drying and storage monitoring system model are dis-
cussed in Section 3, whereas the conclusion, recommenda-
tions, and future works are provided in Section 4.

2. Materials and Methods

2.1. Data Collection. In addition to literature exploration, the
research team has conducted site surveys to understand the
methods used by farmers while drying and storing maize
and the challenges that they face while drying and storing
maize; the findings from the conducted surveys led to the
successful implementation of the solution that responds to
the gaps identified on the field.

The research team identified maize farmers’ cooperatives
and individual maize farmers targeted to collect information
relating to posthandling maize activities. During this pro-
cess, the team has interacted with 7 maize cooperatives from
7 different sectors of Burera District, Musanze District, Nya-
gatare District, and Gicumbi, in Rwanda. These cooperatives
have around 70 members. The surveys were anonymous to
let respondents be free to answer to the best of their knowl-
edge and experiences. The samples of respondent farmers
were taken from the cold, high hill regions of Rwanda in
Musanze, Burera, and Gicumbi. Another sample was taken

from the hot, Savana Region of the country in Nyagatare,
to have all information on the maize posthandling practices
of the two regions.

2.2. System Design. Poor drying of maize gives room for the
production of mycotoxins. Therefore, a solution that is deal-
ing with monitoring the storage environment parameters
has been thought of. Figure 1 illustrates the block diagram
of the system.

As it is illustrated in the above figure, the system has a tem-
perature and humidity sensor used to detect the temperature
and humidity in the maize container. Since temperature is
one of the products of crop respiration, monitoring the tem-
perature and lowering it as needed can help to reduce the rate
of respiration, thereby extending the storage life by reducing
the chance of germination. A light-dependent resistor (LDR)
has been used for light detection; since light can generate a
form of energy that can degrade the food value of food, it is
better to store crops in the dark. A microcontroller has been
used for processing the data from sensors. For notification,
the global system for mobile (GSM) communication is used
to give a short message on cell phones when critical parameter
conditions are detected. A web dashboard is used as an IoT
platform through which the monitoring of the drying and
storing parameters of maize grains is done. The on-site notifi-
cation is done using a liquid crystal display. The output is in
the form of notification messages informing the farmers about
the real-time maize parameters in the drying and storage pro-
cess, and their corresponding graphs are displayed on the
ThingSpeak platform.

2.2.1. Sensing Part. The IoT-based real-time crop drying and
storage monitoring system targets the efficient drying and
storage of maize grains. In Rwanda, maize grains are mostly
dried in hangars on branches of threes and stored in ordi-
nary packaging containers or oxygen-free plastic bags. The
sensors used are the temperature and humidity sensor and
light sensor (light-dependent resistor). The following figure
illustrates the temperature and humidity sensor and the light
sensor connected to the microcontroller. Figure 2 illustrates
the sensing part of the system.

While deploying the sensor nodes, the quality of ser-
vice has been taken into consideration, analysing how
well the sensor nodes collect the information from the
maize drying and storage space. Commonly, the sensing
performance decays as the sensing distance increases.
We have adopted a modelling where the point-to-point
sensing accuracy varies as a nonincreasing function of
the distance or to minimize a negative sensing perfor-
mance [31]. Below is the formula illustrating the quality
of service analysis while deploying sensor nodes in the
container.

1 RS pn − ω =
1, pn − ω < Rs,
0, pn − ω ≤ Rs,

1

where N is the number of sensor nodes, R is the set of
real numbers, P = p1, p2,⋯pN are the sensor node
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locations, Ω ⊂ Rd is the target region, ω€Ω is the target
point, //.// is the Euclidean distance, C is the sensing
accuracy, D is the sensing uncertainty, and Rs is the
sensing range.

Additionally, the energy conservation has been ana-
lysed; this includes the energy consumed by the sensor
nodes to produce local data, the energy consumed to
receive data, the energy consumed to transfer data, and
the energy consumed when the node is in the dormant
state. The connectivity of the sensor nodes has been
explored as well [32].

When placing sensor nodes, the communication range
and the sensing range were taken into consideration. The
Internet of Things-based real-time crop drying and storage
monitoring system must continuously check the environ-
mental conditions inside the drying and storing area, and
it must even be able to spot dangerous situations so that
maize farmers can be informed.

The analysis of temporal changes and geographical dif-
ferences in the maize drying and storing area is the purpose
of the wireless sensor networks. This means that, based on
the sensor data gathered by the network, interpolation at
unsampled sites is used to provide the spatial distribution

of environmental variables. Regular pattern in spatial sam-
pling has been utilized for this purpose since it has been
shown to be more dependable and effective than other forms
of communication [33]. As seen in Figure 2, the regular
hexagon pattern offers at least 6 connections.

The number of sensor nodes has been determined
through the area of the grid cell:

AH = 3
2 d2ms, 2

where AH denotes the area of the grid cell in the regular
hexagon pattern and dms denotes the maximum separation
between two nearest neighbouring nodes.

It is crucial to put sensors and gateways in the corn dry-
ing and storage area properly to improve communications
and network performance. In order to place each gateway
in the optimal location for minimizing the latency of data
delivery from sensors to a gateway, genetic algorithms have
been applied. Genetic algorithm for distance optimization
has been used in this study to better serve the intracluster
network by clustering sensors into disjoint clusters and
determining the optimal position for each individual gate-
way. In essence, the gateway is assigned to each cluster and
strategically positioned to allow sensors to connect to it with
the fewest hops possible. The genetic algorithm’s complexity
is reduced by the genetic algorithm for distance optimization
at the expense of the viability of the solution. Figure 3 illus-
trates the average delay per packet in seconds versus number
of gateways.

Random denotes that the gateway position is randomly
picked in the area. Uniform denotes that the deployment
area is divided into grids of equal size cells in which the
gateway is placed at the centre of a cell. GAHO stands
for genetic algorithm for hop count optimization, while
GADO is the genetic algorithm for distance optimization,
whereas COLA represents the coverage and latency aware
positioning scheme. Figure 4 illustrates the sensing parts
of the system.
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Light dependent
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Figure 1: Block diagram of the IoT-based real-time crop drying and storage monitoring system.
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Figure 2: Regular hexagon pattern for sensor node deployment.
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The ESP8266 Wi-Fi module is a self-contained SOC with
an integrated TCP/IP protocol stack that allows any micro-
controller access to the Wi-Fi network. This board was pro-
grammed by using C programming via visual studio code
integrated with platform IO.

2.2.2. Wireless Communication System. During the process
of strategizing and architecting the wireless network design,
before choosing the wireless network to be used, several
parameters have been considered including the coverage
range, the capacity, the application, the network security,
the network simplicity, the redundancy, the network inte-
gration, and the network management. In the network plan-
ning, the network infrastructure available in the maize
drying and storing place, the application, the network per-

formance, and the capacity requirements of the maize stor-
ing space have been taken into consideration. In this work,
Wi-Fi-enabled device, namely, the ESP8266 module, which
is a low cost and branded as ultralow power, has be identi-
fied as a preferable wireless network for this application.
With second-scale transmission intervals and 2-4 days
recharge periods on a 1000mAh battery, the ESP8266 mod-
ule provides suitable for powered Internet of Things applica-
tions among which this IoT-based maize drying and storage
monitoring falls [34]. Additionally, the wireless networks’
built-in sleep modes have been examined, and the effect of
infrastructure factors such as beacon interval and DTIM
duration on energy usage has been taken into account. Addi-
tionally, a claim regarding the coverage area has been made
and the exploration of the packet delivery ratio and received
signal strength as a function of location and module antenna
orientation.

End users can receive data collected from the field and
real-time monitoring from any location utilizing different
types of wireless or cable communication protocols, thanks
to IoT technology. After collecting data from a different site,
the data were sent to the developed cloud platform by using
Message Queuing Telemetry Transport (MQTT).
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Figure 3: Average delay per packet in seconds versus the number of gateways.
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ThingSpeak is a Ruby-based open-source program that
allows users to speak with Internet-connected gadgets. By
giving an API to both devices and social network websites,
it makes data access, retrieval, and logging easier. Clients
can use the ThingSpeak MQTT broker to update and receive
updates from channel feeds via the ThingSpeak IoT plat-
form. MQTT is a TCP/IP sockets or web socket-based pub-
lish/subscribe communication mechanism. A real-time
monitoring of temperature, humidity, and air quality can
be done using ThingSpeak cloud, as demonstrated in [35].
Sensor data is stored in a ThingSpeak cloud for easy view
of data from a remote location as illustrated in [36]. As
shown in Figure 5, data is transmitted to ThingSpeak cloud
platform through the Wi-Fi module incorporated in the
NodeMCU ESP8266. Data are visualized on a computer
screen for monitoring or further analytics.

In addition to the monitoring done on the cloud plat-
form, the system sends SMS notifications using GSM to
the farmer in case critical parameters are sensed. Figure 6
shows the GSM connectivity between sensor node and
mobile phone. A dual-band GSM/GPRS engine called
Sim900A that operates on the frequencies EGSM 900MHz
and DCs 1800MHz has been used for this purpose [37].
The GPRS coding schemes Cs-1, CS-2, CS-3, and CS-4 are
supported by Sim9909A’s GPRS multislot class 10 function-
ality. Sim900A is built using energy-saving techniques,
resulting in a sleep mode current usage of under 1.0mA.
For data transfer applications, it integrates the TCP/IP pro-
tocol and enhanced TCP/IP AT commands [38].

As it was stated in the methodology, the research team
conducted site surveys to collect data from different farmers
using a questionnaire that has been designed to target helpful
responses that contributed to the solution development. This
can be seen in Figure 5, where the first image from the left side
shows the maize harvest dried on hangars for about two
months, wait for full dryness. The second image illustrates
the dryness testing method which is mostly used by maize
farmers in Rwanda by using a bottle which contains salt,
where a sample of maize grains is inserted in the bottle; if no
grain leans on the bottle surface when the bottle was shaken,
then full dryness is confirmed. The third and fourth images
show interviews conducted to different maize farmer coopera-
tives for clear understanding of the drying and storing process
of maize; here, a questionnaire was elaborated, and it was used
along the whole data collection process.

The maize drying process in Rwanda is done in hangars,
where maize corns are hanged on wooden horizontal bars as
shown in Figure 7, for a period of 2 to three months, but there
is no smart system tomonitor the drying progress of the maize
grain, and no technological test is performed to ensure com-
plete dryness of the maize grains before being removed from
the drying place for storage. After drying, the maize harvest
is stored in plastic containers which are hermetically closed
to avoid oxygen to enter into the bags and are placed in a ware-
house on the floor or on wooden bars placed on the floor, but
the parameters under which the storage is made are not
smartly monitored at all; this leads to maize infections when
the maize is stored for more than a month. Most of the time,
farmers sell immediately the maize harvest without storing it
fearing these infections; however, they sell the harvest at a very
low price which does not compensate the investment made
while cultivating the maize plantation.

As illustrated in Figure 8, questions like the following
have been proposed: Are there any modern techniques used
to dry maize harvest? Is there any smart test performed to
confirm the total dryness of maize? Are there any challenges
faced during the maize drying process? Do you use electric
or other threshing machines for a fast and safe threshing
process? Do you use modern techniques for sieving? Is there
any modern inspection of mycotoxins’ during the drying
process? Do you use oxygen-free plastic bags for maize
grains packaging and storing? Is there any monitoring and
control system used to ensure a good storing environment
of maize? The results from the responses of farmers about
the above questions were made to develop the following
IoT-based solution.

Figure 7: Field visits to maize farmers for data collection.

0
20
40
60
80

100
120

Use modern
techniques in

drying
process

Perform
smart test for

complete
dryness

confirmation

Faced
challenges

during drying
process

Use electric
or other

threshing
machine

Use modern
techniques
for sieving

Perform
modern

inspection for
maize storage

Use oxygen-
free plastic

bags for
packaging

Use smart
monitoring
and control

system in the
storage spaces

Percentage of answers with "yes" answer

Data analysis

Percentage of answers with "no" answer

(%
)

Figure 8: Data analysis chart of the findings from the field visit.
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During the conversation with the maize farmers, it has
been found that

(i) 100% of the maize farmers do not use modern tech-
niques in drying process and they do not use smart
monitoring and control system in the storage spaces

(ii) 90% of the maize farmers do not perform smart test
for complete dryness confirmation, they do not use
modern techniques for sieving, and they do not per-
form any modern inspection for maize storing

(iii) 80% of the maize framers do not use electric or
other threshing machines

(iv) only 30% of the maize farmers use oxygen-free plas-
tic bags for packaging

The information gathered indicates that there are not
enough technical methods being utilized to dry and store the
crop of the labyrinth, which causes the maize to degrade while
it is being dried or stored. This can be eliminated by utilizing
a smart maize drying and storing system to monitor the envi-
ronmental conditions in which the harvested maize is kept, by
assuring routine monitoring and prompt notice in the event
that the conditions exceed the safe range for storage and drying.

3. Results and Discussion

In a controlled environment, the IoT-based real-time crop
drying and storage monitoring system solution was put to
the test to check how accurate it was and how well it can
monitor the whole maize storage conditions. Data was col-
lected as well as comparison tests to verify the accuracy

and durability of several types of sensors that would be used
in the final IoT-based real-time crop drying and storage
monitoring system product.

The results from the prototype are the temperature,
humidity, and light which are monitored through Thing-
Speak. The other result is an SMS notification from the
deployed IoT system located in maize drying spaces and
storing containers. When the temperature goes out of the
range of 5°C to 30°C and the humidity exceeds the range
of 18 to 30%, a notification message is delivered to the maize
farmer’s cell phone. To prevent infection, an optimal illumi-
nation intensity between 50 and 90 lux is maintained.
Figures 9–12 show the collected temperature, humidity,
and light from a maize farmers’ cooperative in the BURERA
district, as monitored through the ThingSpeak cloud
platform.

In case the farmer has been notified about the critical
conditions detected in the maize drying space, some actua-
tors among those installed in the system are turned on, in
accordance to the parameter’s level sensed. Those actuators
include fan, heater, humidifier, and a bulb lamp. This is done
in order to maintain the environmental parameters at the
maize preferred level as mentioned above.

The developed system adds value to the existing sys-
tems that have been already developed for maize storage
monitoring systems. Various systems have been developed
for maize storage container monitoring systems where sev-
eral sensors were deployed and different cloud platforms
were used for analysis purposes as detailed in the related
works. As it has been noticed through the site survey,
the efficient handling of maize postharvest should start
from monitoring the drying parameters under which the
maize is placed and then move to the storing place too,

Figure 9: On-site monitored readings from the liquid crystal display.

Figure 10: Temperature readings on the ThingSpeak.

7International Journal of Distributed Sensor Networks



which is what this system is dealing with and further avail
notifications to farmers in case of critical environment
conditions. This goes together with the use of a cloud plat-
form ThingSpeak through which real-time monitoring and
analytics are done. This research complies with the climate
situation in Rwanda, and the affordability of the system by
farmers has been taken into consideration. Given that
many of the farms in Rwanda do not have access to elec-
tricity, a solar-powered system has been proposed for the
system to operate.

Combining cutting-edge sensors with IoT as done in this
paper and as discussed in [27] contributes in the improve-
ment of traditional farming methods. In this work, wireless
sensor networks have been incorporated in the maize drying
and storage area to ensure complete drying and adequate
maize storage leading to precision farming. The developed
system is very flexible especially in customized due to the
sensors and main control board used, as it has been analysed

in [28] where wireless sensors and main control boards have
been compared in terms of flexibility and response time in
accordance to the application.

Different systems have been designed aiming at improv-
ing crop production as discussed in the literature; however,
this developed system comes to add-on to the existing sys-
tems, such as in the work [17] where humidity and temper-
ature are monitored in seed storage containers and data is
further sent to the cloud as done in this paper. The novelty
in this paper comes to the monitoring process which starts
at the early stage of drying stage since the drying process
affects the storage results if not well done; this has been
observed in other works like in [20] as well.

In the work [29], the Blynk application has been used to
ensure remote monitoring of the grain storage, but in order
for this application to function, a common Internet connec-
tion must be made between the device hosting the Blynk
application, which is typically a smart mobile phone, and

Figure 11: Light intensity readings on the ThingSpeak.

Figure 12: Humidity readings on the ThingSpeak.
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the actual system installed in the grain container. Because
the cloud platform has no distance restrictions and addi-
tional analytics features and does not require a shared Inter-
net network between the IoT circuit deployed in the
containers and the computer where the cloud platform is
located, this system has used it to monitor the maize
remotely.

The developed system responds to the existing gap in the
conventional drying method used, as there was no way to
monitor the parameters under which the maize crop is dried,
and the farmer could not get the maize drying status unless
he/she relies to visual inspection on the field, even if such
inspection is not adequate.

Several farmer field schools are being organized by the
research team for the system usage and maintenance aware-
ness. Further research can be made to automatically control
the environment parameters accordingly. The proposed dry-
ing system enhances quality production of maize due to the
fact that the farmer can monitor the maize storage and take
decision according to the obtained notifications of the envi-
ronmental parameters.

IoT-based storage systems are extremely heterogeneous
in terms of sensors and communication technologies. For
example, when several platforms coexist and data comes
from various subsystems, different communication technol-
ogies are integrated. LoRa platforms can be utilized with Zig-
bee to implement hybrid communications managing various
sensor clusters in this Internet of Things-based crop drying
and storage system or with an IEEE 802.11s-based system
to create mesh network topologies [39].

Future iterations of this study may take into account the
challenges and opportunities associated with the integration
of many technologies, such as the cloud, IoT, and software-
defined networking, as discussed in [40, 41]. LoRa technol-
ogy can be used if a long-range connection is intended for
farmers who are positioned distant from the corn drying
and storage system since it enables the construction of an
autonomous network that satisfies the low-power and
long-range communication requirements [42]. Before mak-
ing this decision, though, it is important to understand the
limitations of LoRa, which include the downlink channel’s
latency, energy management, heterogeneity and
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interoperability of the devices, data management, and scal-
ability. The aforementioned issues can be resolved by utiliz-
ing machine learning algorithms, which will also increase
LoRa’s performance and coverage [43].

Furthermore, IoT-based agricultural-based storage sys-
tems can benefit from interoperability, thanks to platforms
like FIWARE, Cayenne, and mySense. The Industry 4.0-
based method, which integrates several protocols to fulfil
the needs of automating, computing, and technology pro-
cesses, can help these solutions outlined above [44].

5G connectivity will enable huge data transfer volumes
with low latency, enabling futuristic scenarios [45]. This
might produce positive effects for agricultural technology
applications. Figure 13 illustrates the comparison between
LoRa and other IoT wireless technologies.

Wi-Fi has a higher bandwidth but a lower battery life
and shorter range, which makes it unsuitable for dispersed
IoT devices. Given its low-power and long-range nature,
LoRa would be a good choice to make in the event that the
available IoT-based crop drying and storage monitoring sys-
tem needs to be used for a long-range data transmission
between the storing place and the remote position of the
farmer. Though it struggles to send large data, it strives at
sending small packets of data like the temperature and
humidity, which is the case of this study.

4. Conclusions

The findings of this study indicated that there are many
challenges associated with the current drying and storing
methods of maize grains. These include the manual tradi-
tional methods of monitoring maize grains in the drying
and storage spaces and the lack of a smart on-site and
remote monitoring system of the grains’ drying and storing
parameters. The developed IoT-based real-time monitoring
system was found to be a reliable approach to address those
challenges due to its ability to collect temperature, humidity,
and light intensity and avail the notifications when the set
ranges of these parameters. An IoT monitoring platform
has been designed to help farmers view the temperature,
humidity, and light data anytime and anywhere. Addition-
ally, a GSM module has been added to send a notification
to farmers in case of any temperature, humidity, or light
excursion during the drying and storage process.

Data Availability

The data used to support the findings of the study are avail-
able from the corresponding author upon request.
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