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Abstract : In the Sub-Saharan region, a large amount of the harvested grain is lost during storage. The inability to precisely monitor and control the 
internal conditions of a storage house is one of the major factors leading to this loss. Timely, relevant and accurate information regarding the internal 
status of the granary helps in maintaining the quality of the grains as well as in storage loss reduction. This paper presents an automation system for 
grain storage houses found in the Sub Saharan region. The automation system was built on the paradigm of the Wireless Sensor Network, where 
spatially distributed sensor nodes seamlessly communicate with a Linux based Raspberry Pi computer. The communication between them is achieved 
through a lightweight and reliable machine-to-machine communication protocol. Each node is equipped with sensors for monitoring the climatic and 
environmental conditions of the grain storage house. Based on the incoming data from the sensors the system executes a number of tasks to help the 
grains to be safely stored for a long period of time – with minimum losses. Additionally, an easily accessible and secure web interface has been 
developed allowing the owner to graphically visualize the status of store, in real-time. If any risk factor is confirmed to exist inside the store, the owner is 
automatically informed through SMS. 
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1 INTRODUCTION 
The global population is growing and is expected to reach 
9.1 billion by the year 2050. Meeting the food demand of 
this growing population is a challenge that we have to face. 
We need to produce nearly 70% more to meet this demand 
[1] [2] [3]. To reduce the pressure of increasing production, 
minimizing the post-harvest losses must be considered. 
This must be taken care of, especially by developing 
countries. Thus, the pressure on natural resources and 
thereby improving the farmers' livelihood can be achieved 
[4]. Almost 70% of the people in the sub-Saharan African 
region, directly or indirectly depend on agriculture for their 
food and income [5]. But low productivity and post-harvest 
losses are a matter of main concern [6]. Before reaching 
the final customer, products of the farm have to undergo 
processes such as harvesting, threshing, winnowing, 
drying, bagging, storage, and transportation [5].The losses 
at each stage cannot be avoided but can be minimized. The 
losses during the postharvest operations are considered to 
be more than one-third of the harvest [4] [7]. In Africa, it is 
estimated to be in the range between 20% to 40% [6]. This 
increased loss is mainly due to inappropriate handling, 
storage, and processing techniques - in addition to these - 
lack of storage infrastructure and market facilities add to the 
problem [6].  
Globally the food loss in storage is estimated to be 30% on 
cereals, 20% on oilseeds and 40-50% on fruits, vegetables 
and root crops [8]. In the African countries, these losses are 
found to be in the ranging between 20% to 40%. The 
significance of these values comes to play when the fact of 
lower production in this region is considered [5]. Storage 

plays a vital role in food security [9] [10]. Unscientific design 
of indigenous storage structures cannot guarantee the 
protection against pests for a long time [11] . Considering 
West Africa, most of the farmers traditionally store their 
produce on open fields, jute or polypropylene bags, raised 
platforms, clay structures and baskets [5]. These methods 
can increase the losses and cost small scale farmers a lot. 
The main cause of losses during storage is due to the lack 
of proper infrastructure [4]. The people of sub-Saharan 
countries mainly depend on grains and the lack of efficient 
storage facilities contributes to the food insecurity in the 
region [4]. The total losses in this region are estimated to be 
4 billion US dollars per year [6], out of which storage 
accounts for 35% [12]. It should also be considered that 
grain losses can contribute to global warming [4]. Studies 
show that they contribute 4.4 Gigatons of CO2 [13]. 
Ambient temperature, relative humidity, moisture, O2 level, 
bacterial and fungal infection, rodents, birds and pests, are 
the important factors to be considered to reduce grain 
storage losses [14]. The quality of the grain to be stored is 
another important aspect worth considering [4]. The 
implementation of locally adaptable modern storage 
technologies contributes to minimizing grain loss as well as 
help in preserving grain quality [15].  
 
1.1 Similar Works 

The application of the recent advances in electronic and 
information technology and affordably atomizing grain 
storage facilities can improve grain storage and reduce 
losses [16]. Various attempts have been made in this 
regard.  Arduino microcontrollers along with sensors were 
effectively applied to control the internal climatic status of 
the silo by [17]. Automated warehouse management and 
data transmission system using Arduino microcontroller, 
temperature and humidity sensors, and a GSM module was 
successfully attempted by [18]. A similar wireless 
communication concept, for grain storage, was proposed by 
[19]. A storage house automation prototype, equipped with 
a WiFi module, was developed by [20]. This system has 
three Arduino Due microcontrollers each connected with a 
temperature sensor, humidity sensor, and ammonia gas 
sensor. The microcontrollers send the data harvested from 
the sensors to the server by using the standard WiFi 
protocol and decision is made on the server-side based on 
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the received data. Thus, if any of the sensors register a 
value well beyond the preset values, an alarm is triggered 
alerting the store administrator. Similarly, another project 
was done emphasizing on the importance of monitoring the 
CO2 level of the stored grain and applying a machine 
learning algorithm for the analysis of the data, obtained 
from the sensors - which were inserted into the storage bin 
[21]. Implementation of a Wireless Sensor Network (WSN) 
technology inside a model grain storage facility, using Xbee 
radio transceivers was successfully done by [22]. The Xbee 
modules transmit data from the sensors inserted inside the 
granary to a Sink Node and which in turn routes the data to 
a GPRS shield or a personal computer. When we consider 
all the above studies, they lack a basic and easily 
accessible interface for monitoring the status of the grain 
storage facility. Additionally, there is no mention of real-time 
rodent detection mechanism in all the studies. Rodents are 
one of the major factors responsible for stored grain loses 
[12]. Thus, the present paper proposes an affordable 
microcontroller-based grain storage control and monitoring 
system which is suitable for the Sub-Saharan scenario. The 
main objectives of this paper are: 1) To develop and 
implement a Wireless Sensor Network (WSN) model for 
Controlling and monitoring factors such as temperature, 
humidity, CO2 level and presence of intruders inside a grain 
storage facility. 2) To create a simple and secure Graphical 
User Interface (GUI) for visualizing (or controlling) the 
aforementioned factors in real-time while making it easily 
accessible to the store owner. 3) To set up an automated 
communication link that provides the owner with some 
critical updates from the granary through SMS. 
 

2 METHODOLOGY ADOPTED 
This section describes the methodology which was adopted 
to achieve the objective of developing a suitable 
microcontroller-based monitoring system for a grain storage 
facility in the Sub-Saharan region. The conceptual 
framework of the system is described in figure 1. The 
system monitors, temperature, humidity, intruders and CO2 
inside the storage house and will communicate to the 
central control unit. The central control unit will display the 
values on a real-time basis on a web page generated and 
will produce a warning notification if there is any deviation 
from the optimum level. If any of the values go beyond the 
critical level, the control unit will send an SMS to the 
registered mobile number requesting immediate action. The 
webpage can be accessed by authorized persons around 
the storage house through the WiFi connectivity. The 
storage house can be accessed from any location by simply 
linking the existing network with the internet. Taking into 
consideration the conditions prevailing in the Sub-Saharan 
region, easily available software and hardware tools opted 
for use in this project. While selecting the electronics and 
the associated software tools, the following criteria were 
used.  The microcontroller should meet the computing 
requirements of the system, like data processing speed, to 
effectively and efficiently handle multiple tasks.  All the 
sensors and actuators should be compatible with the main 
controller. Sensors and actuators must have fast response 
time and be accurate and durable. All the components 
should: be in their latest version, affordable, easily available 
and open source.  All the components should be able to 
properly function under the climatic conditions of the 

regionThe software, the development environment, and all 
additional libraries should be up to date and freely 
available. All the components and the software must have 
been successfully used in similar applications and well 
tested by researchers. 
The development of the system will be explained in three 
phases, Hardware Design, Software Design, and Testing. 

The block diagram in figure 2 illustrates the general 
architecture of the proposed system.  

 

Fig. 1. Complete architecture of the WSN and the main 
controller 

 
The hardware needed for the system was selected by 
considering the fact that the majority of the grain storage 
facilities in the Sub-Saharan region are located in close 
vicinity of the farmer's house. The developed Wireless 
Sensor Network (WSN) consists of four nodes with each 
node having a climatic sensor, a motion detector, and a 
microcontroller unit. Taking into consideration that most of 
the storage structures are not very large, the grain storage 
facility was divided into four equal zones and each sensor 
node is assigned to one zone. The fourth sensor node is 
integrated with an additional GSM module for establishing a 
communication link through SMS. The fact that there are 
more than 456 million mobile subscribers in the Sub-
Saharan region makes this arrangement more adaptable 
[23]. A Raspberry Pi-based sink node is responsible for 
controlling the data flow in the WSN. All the communication 
between the sensor nodes and the sink node is achieved 
through the implementation of the lightweight application 
layer protocol known as MQTT (Message Queue Telemetry 
Transport) protocol. An interactive webpage, showing the 
status of the granary in real-time, was developed and 
deployed on the Raspberry Pi. Thus, the owner can access 
the application with or without an internet connection. 
Automatic SMS notifications by the system are reserved for 
some critical situations such as the presence of an intruder 
or abnormal climatic conditions [24]. This system is scalable 
and can be adapted for use in any type of grain storage 
facility.  
 
2.1 Hardware Design 
The selection of the hardware part of the system is 
discussed in this section. Each node in the WSN consists of 
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four basic elements: Sensor, processor, wireless 
communication unit and a power supply unit [25] [26]. 
Additionally, the system is made accessible externally 
through a Gateway. The Raspberry Pi computer is 
configured to function as a Gateway, a web server and as a 
sink node. A Carbon dioxide sensor and a relay module are 
also directly connected with the computer. The relay 
module is used for controlling the aeration and the 
illumination circuits inside the granary. A description of the 
major components used in the project is given below. 
 
2.1.1 Raspberry Pi 
The Raspberry Pi, used in the system is, Raspberry Pi 4 
Model B. It has the following specifications, Broadcom 
BCM2711, Quad-core Cortex-A72 (ARM v8) 64-bit SoC @ 
1.5GHz, 4GB LPDDR4-3200 SDRAM, 2.4 GHz and 5.0 
GHz IEEE 802.11ac wireless, Bluetooth 5.0, BLE, Gigabit 
Ethernet, 2 USB 3.0 ports; 2 USB 2.0 ports, standard 40 pin 
GPIO header 2 × micro-HDMI ports, 2-lane MIPI DSI 
display port, 2-lane MIPI CSI camera port, 4-pole stereo 
audio and composite video port, Micro-SD card slot for 
loading operating system and data storage, 5V DC via 
USB-C connector, 5V DC via GPIO header. The high-
performance quad-core 64-bit ARM V8 processor, gives the 
device the power to execute the required tasks without any 
significant performance issues. This helps while serving an 
interactive and dynamic web page, in processing the data 
from the sensors and coordinating the WSN inside the 
granary - simultaneously. The standard 40-pin GPIO header 
gives the device the capability to directly connect with 
various peripheral devices. The Raspberry Pi operates at a 
range of temperatures between 0 -500C which makes it 
ideal for its application in the Sub-Saharan region. 
Raspberry pi was effectively used by [27], [28], [29], [30], 
[31]and [32] for home automation, Rajkumar and Prakash 
[33] use for automatically monitoring the student 
attendance, Yuvashree et al.[34], used for the automation 
the handloom operation, Shilpashree et al. [35] ,used for 
image processing and Ibrahim et al. [36] , used for 
monitoring infants. From the above studies, it is clear that 
Raspberry pi can successfully be used for various types of 
automation projects. All the researches sited above had a 
functional concept more or less similar to us and only 
differed on the specific application. In addition to this, 
Raspberry pi was selected for these projects as it was small 
in size, programmable, good performer, supports different 
programming languages, open-source, reliable, affordable 
and energy-efficient. 
  
2.1.2 Node MCU 
The Node MCU (Node Microcontroller Unit) has a Lua 
based interactive firmware that runs on the ESP8266 Wi-Fi 
SoC from Espressif Systems and the hardware is based on 
the ESP-12 module. It is an open-source firmware. The 
device is equipped with a built-in USB to serial converter, 
up to 17 GPIO ports, 802.11 b/g/n wireless transceiver, and 
onboard power supply. Besides, it has a 32bit built-in 
processor with a speed of 80 - 160 MHz. The board is 
designed to control electronic devices that are connected 
with its GPIO ports or wirelessly - through WiFi. Its compact 
size, cheaper price, compatibility with various components 
and its support of the TCP/IP protocol make it the right 
solution for environmental monitoring WSN applications [37] 

[38] [39]. Various researchers used the Node MCU to: 
develop a WiFi controlled robot [40], forest fire detection 
system [41], tomato sorting machine [42], computerized 
power transformer monitoring system [43], web-based 
automated system to control the air quality [44], automatic 
electricity billing system [45],  LPG gas leakage detection 
and alert system [46] and wireless body temperature and 
heart rate monitoring system [47]. The successful results of 
the above projects indicate that Node MCU is reliable and 
stable hardware and thus, was selected to be used in the 
present system.   
 
2.1.3 GSM module 
SIM800 module was selected to be used in the system. It is 
a quad-band GSM/GPRS module which supports GSM 
frequency bands of 850/900/1800/1900MHz. The device 
can transmit voice, SMS, and data. Its ability to control TTL 
levels of 3.3/5V makes it convenient to connect it with a 
wide variety of microcontrollers including the Node MCU. 
The device can support 2G, 3G and 4G mobile networks 
thus making it compatible with various local operators. It 
was found that Jishnu et al. [48]; Trivedi et al. [49] and 
Muskan et al. [50], have successfully used SIM800 module 
on their projects and was working satisfactorily. 
 
2.1.4 MH-Z19 CO2 gas sensor 
The MH-Z19 sensor module detects the presence of carbon 
dioxide in the air - using the Non-Disruptive Infrared (NDIR) 
principle. Its built-in temperature compensation capability, 
ability to resist interference caused by water vapor, low 
power consumption, high sensitivity, and long lifespan make 
the device an ideal solution for measuring the CO2 level 
inside the storage house. Besides, the device is developed 
using infrared absorbing gas technology and produces 
output signals through the UART (Universal Asynchronous 
Receiver-Transmitter) and PWM (Pulse Width Modulation) 
ports [51]. Some notable features of the sensor include it 
has an interface signal level of 3.3V, has a measuring range 
between 0-5000 ppm with an accuracy of ± 50 ppm, 
operating temperature and humidity ranges are 0-500C and 
0-95% RH respectively [52].  A high level of CO2 inside a 
grain storage facility is directly related to an on-going 
biological activity. Which means an increased fungal, mold 
spoilage or insect infestation [53]. The table outlined by 
Neethirajan  [54] correlates the ppm levels of CO2 with the 
intensity of infestation in grain stores. According to them, 
ppm levels between 380-500 indicate a normal acceptable 
level, 1100-3500 indicate the slight presence of infestation 
and 3500-5000 ppm levels indicate a high amount of 
infestation either by insects or microorganisms. Thus, any 
value above these means that the grains are severely 
spoiled and storage house is in a critical situation. These 
correlation values were used as a reference while 
programming the NodeMCU microcontroller which reads 
the data from the MH-Z19 sensor. Table1 shows how the 
MH-Z19 is interfaced with the GPIO pins of the Raspberry 
Pi 4. 
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TABLE 1 
GPIO PIN ASSIGNMENT BETWEEN THE SENSOR AND MAIN 

CONTROLLER 

 
 2.1.5 DHT22 Humidity and Temperature Sensor 
The sensor selected for this project is AM2302 digital 
temperature and humidity sensor (commonly referred to as 
DHT22) module. The DHT22 is a high-performance 8-bit 
microcontroller unit. This device uses a high-precision 
capacitive technology for measuring the ambient 
temperature and relative humidity [55]. Attributes such as 
the high-precision, strong anti-jamming capability, low 
power consumption, ultra-small size, and low cost make the 
sensor the ideal choice for this project. The device uses a 
Serial Data communication protocol to communicate with 
the peripheral microcontrollers. In this protocol 40bits of 
data are sent to the microcontroller with specific timing and 
out of which 16 bits resolution are for humidity and 16 bits 
resolution assigned for temperature reading. Some key 
features of the DHT22 sensor are operating temperature 
range -400C to 800C, operating humidity range 0-100%RH, 
accuracy for temperature ±50C and humidity ±2% RH, 
sensor delay 2s and operating voltage of 3.3 - 6V [55]. 
 
2.1.6 PIR based motion detector 
Passive Infrared sensor (PIR) is a device that detects the 
infrared radiating from warm-blooded animals such as 
rodents and humans. The body temperature of rodents 
such as rats is around 37.5-38.50C producing enough IR to 
trigger the sensor during ordinary microclimatic conditions 
[56] [57]. Basically, the sensor is made up of two separate 
slots which are highly sensitive to IR and are wired to the 
opposite inputs of a differential amplifier. During stationary 
conditions, the two slots register an equal amount of IR 
radiating from the background. The two signals cancel each 
other and produce zero signal output. Such an arrangement 
prevents the device from giving false signals due to the 
event of sudden illumination or surge in ambient 
temperature. But when a warm-blooded creature moves by, 
there would be some imbalance and differential values are 
registered from the two slots. This triggers the sensor to 
send a signal indicating the detection of a movement. A 
Spherical shaped lens - known as Fresnel lens - is fitted on 
the top of the sensor. This lens focuses the incoming IR 
radiation and thereby, improving the detection distance up 
to 9m while sweeping a region around l20 degrees. It was 
also observed that Oyebola [58] ; Rao et al. [59]; 
Vijayavargiya et al. [60]; Olalekan, O.B. [61] and Iyapo et al. 
[62], have successfully used PIR detector in their studies. 
 
2.1.7 Aeration 
Indeed, aeration is one of the most important methods 
which is employed for effectively preserving the grains in 
the storage houses. Aeration is the forced circulation of the 

ambient air inside the storage facility to minimize the effects 
of bacterial infestation, molding and high humidity. The two 
aeration schemes proposed in this model are Aeration 
drying and Aeration cooling. Aeration drying scheme 
employs a high capacity fan for reduction of grain moisture. 
While aeration cooling uses a low capacity fan for reducing 
the temperature of the storage facility [63]. Relays 
controlled by the Raspberry pi will be used to switch on and 
off the fans based on the need, while the size of the fan will 
be decided based on the size of the storage house. 
Process. 
 

3   SOFTWARE DESIGN 
All of the software tools used for the development of this 
project are open source and are freely available. The 
software development process for this project was carried 
out with two separate approaches. They are the named as 
Front end and Back end development processes. The front-
end process involved mainly with the development of user 
interfaces and human-machine communication means. 
During back end process all the embedded components 
were programmed and calibrated according to standards 
formulated for granaries.  
 
3.1 Back end development 

Fig. 2. The Designed Web Application Showing the Status 
of the Granary in real-time basis 

 
 Arduno IDE is one of the most popular and freely available 
tools for coding embedded systems. In this project, it was 
used for programming all the sensor nodes in the 
WSN.  Arduino is a flexible C++ based development 
environment which can be used to program different types 
of microcontrollers. Numerous WSN based projects have 
successfully used this tool for programming the 
microcontroller [64] [65] [66]. A package, known as 
Esp8266 core, was installed on the Arduino IDE to enable it 
to access the NodeMCU. Additional libraries, such as the 
Adafruit DHT - sensor - library, are used for the proper 
operation of the sensors connected with the microcontroller. 
Using the Linux based Raspbian operating system on the 
main controller provides the Raspberry Pi with more 
efficiency, speed, security and wide community support [67] 
[68]. Interaction among the embedded devices in the WSN 
is achieved through a lightweight application layer protocol 
known as MQTT. It is a Publish-Subscribe protocol where 
the client subscribes to a particular topic and get updates 
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whenever a new message is published. The usage of this 
protocol in environmental monitoring WSN has been proved 
to be efficient through various researches [69] [70] [71]. The 
publisher and subscriber in the network communicate 
through an intermediary known as Broker [72] [73]. The 
broker selected for this project is Mosquitto - a lightweight 
broker suitable for machine to machine communications 
[74] [75] also acts as a bridge for integrating the WSN to the 
cloud if an internet connection is available. The broker was 
deployed on the Raspberry Pi. In our model each sensor 
node publishes data to the subscriber via Mosquitto. Thus, 
the topic Zone1/Climate is published by the DHT22 sensor, 
which is located in zone1, while Zone3/Motion is published 
by the motion sensor which is in zone3. With regard to this, 
the broker transfers these messages to a client which is 
subscribed to the topics. In this case the client is a web 
server which uses the data to generate charts and gauges 
on the web page. The client server also publishes 
messages with a particular topic. For instance, whenever 
the server publishes a message with the topic Alert/SMS, 
the Mosquitto broker directs the message to Zone3 as a 
node in that area is specifically subscribed to this topic. 
Thus, based on the message received the node triggers the 
GSM module to send an SMS message. An interactive web 
page was developed for visualizing the climatic parameters 
and controlling some events in the storage house 
conveniently. 
 
3.2 Front end development 
In this process, an interactive web page was designed and 
developed for visualizing climatic parameters and 
controlling some events in the storage house. The web 
application was programmed with a flow-based 
development tool known as Node-RED. It is an open source 
development environment with comes readily installed on 
the Raspbian operating system. The development of event 
driven web applications through the use of Node-RED has 
been shown to be robust, faster and easier to build  [76] 
[77] [78]. In a Linux environment, the Node-RED is 
activated by typing the command sudo node-red-start, on 
the terminal of the Raspberry Pi [79]. The web application, 
developed by Node-RED, consists of gauges, a chart and a 
notification panel for displaying the incoming data from the 
sensors. The lights on the storage house can be controlled 
through virtual button available on the web page. It also 
consists of a drop-down menu which prompts the user to 
input data such as the variety of grain to be stored and its 
harvest moisture value. Based on the inputted data, the 
system automatically customizes its aeration    algorithm to 
be suitable for the stored gain. The web application can be 
accessed through any standard browser. The IP address 
used for accessing the web page from a local network is 
192.168.43.163:1880/ui.  A username and password-based 
authentication portal was also configured - to prevent an 
unauthorized party from accessing the system. Screenshot 
of the webpage is shown in figure 2.  
 

4   TESTING THE MAJOR EVENTS 
In the proposed grain storage house automation system 
quite a number of triggers cause a subsequent event to 
happen. For instance, an increase of the ambient 
temperature triggers the cooling fan to start and the starting 
on the fun will bring a change on the notification panel of 

the web page. The algorithm developed for the automation 
system was tested by simulating triggers and the resulting 
events were outlined in a flow chart. Figure 3 shows these 
major processes. From the flow chart it is evident 
that whenever a movement is detected inside the granary, 
the system locks on the target area and starts counting and 
posts this information on the web page. The information 
consists of the location in which motion is detected. In the 
meantime, if the counting value reaches a level which worth 
notifying the concerned body, an SMS is automatically sent 
alerting the owner of the prevailing situation. A snapshot of 
an SMS sent by the WSN is shown in Figure 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Flow Chart highlighting the major events in the 
automation system 
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Fig. 4. An SMS message sample sent by the Automation 

System 
 
 
4.1 Test of the aeration algorithm  
The automated aeration system operates based on the data 
fed from the user and the sensors located at various points. 
Here, different grain moisture values and grain varieties were 
randomly fed to the system and the simulated response, 
according to the underlying algorithm, were recorded as 
shown in Table 2. The aeration algorithm was developed by 
including an array of data to serve as reference points in the 
automation process. One of such data is the safe moisture 
content value of grains recommended for long term storage. 
According to the data tabulated by Sadaka, the safe moisture 
content value for long term storage of Corn, Sorghum, Rough 
Rice, and Wheat is 12% while for Soybean it is about 11% 
[80]. 

 
TABLE 2 

 RESULT OF THE TEST CONDUCTED ON THE AERATION 

ALGORITHM 

 
 
From the table it can be summarized that, the higher the 

initial moisture content of the gain the longer the Aeration 
system keeps on running to reduce the moisture and 
maintain the quality. If the initial grain moisture level is less 
than or equal to the recommended storage value, then only 
the cooling fan operates to minimize the development of 
insects inside the granary. Besides, it was observed that the 
aeration mechanism was disabled, when the relative 
humidity level was above 80%. Such an interruption process 
protects the stored grain from the consequences of 
condensation. Because running the fans during such 
conditions, allow condensation to be created and the grains 
to be wet - consequently causing molding and spoilage. 
  

5    CONCLUSION 
This paper has demonstrated the development of an 
automation system for granaries located in the Sub-Saharan 
region. The system was built by taking into consideration of 
the current climatic and socioeconomic conditions of the 
region. Thus, the selection of the hardware and software 
tools were made based on this notion. The developed 
system provides round the clock monitoring of the grain 
storage house while at the same time generating live data 
updates on a web page. The web application was designed 
to be easily accessible and secure. The aeration system was 
designed to effectively regulate the microclimatic state of the 
granary. Furthermore, the automation algorithm adjusts itself 
based on the input from the user through the web 
application. The automation process was tested with 
simulated triggers and satisfactory responses were 
observed. The proposed system is scalable and can easily 
be adapted for use in most grain storage facilities in the Sub-
Sharan region. And finally, additional research, such as the 
application of machine learning algorithms in the existing 
framework, needs to be conducted to make the system 
smarter and fully autonomous. 
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