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Mushrooms are a nutritious food source, which can play a crucial role in providing affordable sources of proteins,
vitamins and minerals for people worldwide, but their cultivation requires extensive training and considerable
relevant expertise in order to fine-tune multiple environmental parameters.

Internally displaced people in the Northern regions of Syria rely on very small-scale traditional oyster
mushroom production, which cannot meet their local demand. Many international and local non-governmental
organizations (NGOs) working for Syrian refugees, work on mushroom cultivation projects. They have reported
significant difficulties and challenges in mushroom cultivation amongst the targeted beneficiaries. Therefore, the
two main questions driving this research are: (1) How can organic mushroom cultivation be promoted using a
robust and affordable intelligent mushroom farming system? (2) How can organic mushroom farming practices
be simplified to support internally displaced and refugee Syrians?

This research evaluates the process of automating mushroom cultivation by designing and implementing a
smart oyster (Pleurotus ostreatus) mushroom farming system to remotely monitor and manage environmental
parameters, such as temperature, humidity, air quality and illumination, inside the farm. Furthermore, ready and
dedicated user-friendly web interfaces were also implemented to enable farmers to remotely monitor and
manage their farms through the Internet. As a result, a dependable and cost-effective intelligent oyster mushroom
cultivation system was designed and implemented in this work. The system includes remote monitoring and
management via user-friendly interfaces. This simplifies mushroom cultivation for not only refugees and dis-
placed communities, but also for mushroom farmers in low-income countries. This work can contribute to the
eradication of poverty and hunger, in line with the United Nations Sustainable Development Goals one and two.

1. Introduction

Mushrooms are a valuable food source, rich in proteins, fibre, anti-
oxidants, and a variety of vitamins and minerals. However, their culti-
vation requires extensive training and considerable relevant expertise in
order to fine-tune multiple environmental parameters [8]. These pa-
rameters are heat, humidity, illumination, and ventilation, and they
should be controlled precisely for successful mushroom cultivation.
Otherwise, the mushroom yield will be adversely affected or contami-
nated. The tragic conflict in Syria during the last decade caused the
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migration of many skilled farmers and a great loss of cultivated territories.
Furthermore, the COVID-19 pandemic and its resulting international
economic crises, such as supply chain crisis, have exacerbated these bad
situations, threatening food security and adequate nutrition sources.
Many Syrian refugees in neighbouring countries are working in
agriculture and are involved in small/medium-scale mushroom pro-
duction industry. For example, a large number of mushroom farms are
operated by Syrian refugees in Turkey, where the total Turkish mush-
room production was 55,455 tons in 2020 [19]. An 85 m? mushroom
oyster farm/greenhouse with a capacity of 1000x10-kg bags in Turkey
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can produce about 2700-3000 kg of mushroom every cycle. On the other
hand, internally displaced Syrians in the Northern regions of Syria rely
on very small-scale traditional mushroom production, which cannot
meet their local demand. For example, a 3 x 4 m? conventional oyster
mushroom farm in these regions can produce about 300-400 kg every
cycle. Moreover, imported mushrooms are not readily available and
would be unaffordable. To the best of our knowledge, no accurate sta-
tistics are available for the Syrian mushroom industry.

Many international and local Non-Governmental Organizations
(NGOs), such as the International Agricultural Cooperation Organization
(IACO) and Shafak, working for Syrian refugees, have mushroom cultiva-
tion projects. They have reported significant difficulties and challenges in
mushroom cultivation amongst the targeted beneficiaries, mostly house-
wives, even after providing them with materials and preliminary training,
due to the complexities of controlling the environment [5]. These diffi-
culties and challenges result in high failure rates amongst insufficiently
experienced growers when trying to handle the multiple interfering envi-
ronmental factors affecting and contaminating mushrooms.

These reasons were the motivation behind this study to design and
implement a smart, affordable mushroom cultivation system, which
simplifies the mushroom production process for organic mushroom
farmers, especially for internally displaced and refugee Syrians.

Smart farming generally utilizes various information and commu-
nication technologies (ICT) [21] for sustainable agriculture to save re-
sources and improve the efficiency and the yield of the farm through
remote monitoring and management [22]. Many recent surveys [1,6,7]
have reviewed smart agriculture techniques, opportunities and chal-
lenges for various types of agriculture and crops. For mushroom culti-
vation, traditional methods have been used for a long time, but
incorporating state-of-the-art technologies for monitoring and control-
ling the cultivation process has been recently investigated.

Smart technologies were introduced to mushroom cultivation quite
recently, especially for small and medium-scale mushroom production.
Angral and Thakur [2] classified current mushroom-growing systems
into Programmable Logic Controller- (PLC)-based,
microcontroller-based and IoT-based systems. However, this paper did
not illustrate either the IoT platform or the data acquisition tools used
for this work. Thong-un and Wongsaroj [17] used smart wireless in-
dustrial PLC for wireless monitoring, controlling, and propagating in-
formation to a database in order to enhance oyster mushroom
productivity in Thailand. The wireless PLC node reads the different
environmental parameters, such as temperature and humidity, through
sensors to control spraying, water sprinkles and cooling fans. Onsite and
remote monitoring and control of the mushroom farming system were
available through onsite human-machine interface (HMI) screens or web
applications. The system architecture, components, and working
method are well explained and illustrated, but the effect of carbon di-
oxide (CO2) and air quality inside the mushroom farm was not discussed
in this work. Another similar system was developed in Malaysia by Ten
et al. [16] for an automated controlled environment mushroom house
(CEMH) using remote terminal unite, ADAM-3600, internet of things
(IoT) technologies and different sensors for temperature, humidity, light
and CO2. These two systems have proven to be dependable industrial
systems, but their cost is relatively high. Similar industrial systems for
automating a one-room mushroom farm could cost about $1500-$2000
in Turkey, excluding the set-up and online software costs of the system.

Other cost-efficient solutions using inexpensive microcontrollers and
sensors are also available. Some of these systems [10,11,14,15] were
only used for monitoring the mushroom farm, while others [8,12] pro-
vided remote monitoring in addition to management and control of the
farm. Inexpensive off-the-shelf sensors were utilized for humidity,
temperature, CO2 and light, such as DHT11, DHT22, LM35, MQ135 and
BH1750 sensors. The NodeMCU (ESP8266) was mostly used for con-
necting to the internet, while Arduino platforms were mostly utilized as
controllers. Existing software products, such as Blynk and ThingSpeak,
were mostly used for remote access and monitoring. The main problem
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with such inexpensive systems, which could cost about $100-$150, is
related to dependability as most of these proposed systems were not
tested in real environments. Conversely, He et al. [4] constructed not
only the remote monitoring and management (RMM) system but also the
whole mushroom cultivation farm in a dedicated container with 3mx 3
m x 9 m dimensions. They built a Controlled Environment Agriculture
(CEA) system to provide fresh crops in urban areas, but they did not take
the cost and yield of such container farms into account.

Recently, emerging technologies of computer vision (CV) and ma-
chine learning (ML) have been used in mushroom cultivation for
different purposes, such as the classification of mushroom spawn quality
[18] and mushroom caps measurement [9]. Yin et al. [20] have sur-
veyed different computer vision and machine learning technologies used
in the mushroom industry reviewing related papers between 1991 and
2021. Recent related research [12] has implemented a mushroom
automation system using a sensing module (BME260) for humidity and
temperature, ESP8266 for wireless connection and ESP32 SoC as a
controller, which gets the environmental parameters from the sensing
module to control the mushroom farm automation. They also utilized a
camera module with machine learning algorithms implemented on
Raspberry Pi for classifying toxic mushrooms.

Thus, the existing mushroom cultivation systems are either expen-
sive industrial systems or unreliable inexpensive ones. Additionally, CV
and ML technologies have shown promise in smart mushroom cultiva-
tion and could provide extra functionalities, such as disease detection,
yield prediction, growth analysis and cost/power efficiency, if edge
computing (EC) and digital twinning were included to provide an
affordable dependable mushroom cultivation system with full remote
access and monitoring [20].

Against this backdrop, the goal of this study was to deploy state-of-
the-art emerging technologies, such as the Internet of Things (IoT) and
Artificial Intelligence (AI) techniques, for acquiring and analysing data
from different sensors and cameras to remotely monitor and control the
environmental conditions inside the mushroom farm, and for future
research on growth analysis and disease detection problems. The main
contributions of this paper include designing and implementing three
different sensing nodes with different costs, in addition to two different
control nodes to be affordable for various mushroom farmers. Further-
more, simple web and desktop user-friendly interfaces were implemented
to facilitate the remote monitoring and management of the farm. Finally,
an analysis of sensing node readings and obtained results has been made.

2. Materials and methods

The proposed mushroom cultivation system can generally be divided
into three main layers shown in Fig. 1: The first layer is the monitoring/
controlling physical layer, which is composed of sensors for environ-
mental data acquisition, such as temperature, humidity, soil/composite
temperature, composite moisture, air quality, CO,, illuminance, and
cameras. Besides the sensors, there are actuators for controlling the
different devices of the farm, such as air conditioners, humidifiers,
sprinklers, extractor fans, and circulating fans. The second layer is
composed of the edge boards, which regulate the data acquisition pro-
cess and perform the required processing for precise and efficient con-
trolling of the farm actuators. At the same time, they provide a
connection to the cloud which constitutes the third layer of the proposed
system, where different types of data ultimately exist.

The system is designed on the assumption that the farm is equipped
with the necessary devices and infrastructure for oyster mushroom
cultivation. Additionally, an electrical power source and internet access
were available at the farm. In a situation where this may not be the case,
alternative power and internet solutions will be required for the system
to be implemented. For example, in off-grid rural areas, alternative
power sources such as solar energy systems can be used to provide
electricity, as is commonly done in off-grid areas in Northern Syria
nowadays. To access the internet, mobile and satellite internet
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Fig. 1. General architecture of smart mushroom cultivation system.

connections can be used.

Fig. 2 shows a more specific block diagram of the proposed system,
which is composed of sensors, actuators, and microcontrollers con-
nected to an IoT platform. The sensors are used for monitoring the main
environmental parameters, such as temperature, relative humidity,
composite temperature, composite moisture, air quality, CO,, and illu-
minance. Besides, different cameras are utilized for monitoring the farm
and capturing images to be used in future research for growth analysis
using Al and ML techniques. Actuators manage and control the farm

devices, such as air conditioners, humidifiers, and fans. Furthermore,
the system utilizes ThingSpeak as an IoT platform for remote monitoring
and management.

The proposed system was implemented and tested in a local oyster
mushroom farm in Mersin, on Turkey’s Mediterranean coast. Generally,
the climate is mild and wet in winter, with temperatures ranging be-
tween 8 and 15 °Celsius, and it becomes hot and humid in summer, with
temperatures around 30 °Celsius. The farm has 14x7 m? area and a
maximum capacity of 1000 of 10-kg mushroom bags, on its 4-storey

Fig. 2. Mushroom cultivation system block diagram.
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shelves. Different types of sensing nodes were implemented and tested in
the farm. The experiments were conducted for two cultivation cycles
starting from late December 2022 until late April 2023. Different free
IoT platforms, such as Blynk, Arduino IoT and ThingSpeak, were tri-
alled. Blynk and Arduino IoT platforms offer user-friendly platforms
with very limited capabilities for the free version. However, a free ac-
count on the ThingSpeak platform provides higher capabilities and al-
lows 10 million messages a year with 3 years of data storage.
ThingSpeak permits instant visualizations of data posted by the farm
sensors, such as temperature, relative humidity, and soil moisture data,
which can be remotely monitored. Additionally, it shows the On/Off
status of remotely controlled devices, and can perform data analysis and
processing with all MATLAB™ capabilities. Thus, it can present an
efficient IoT system for the mushroom farm without the need to set up
servers or develop dedicated web software. All of these made Thing-
Speak more preferable for the system addressed here.

2.1. Sensing nodes

To provide remote monitoring of the farm, various types of sensors
with different prices and capabilities were trialled. Two different tem-
perature/humidity sensors were utilized: DHT21 and SHT20, which
measure the relative humidity and temperature of the farm. The DS18B20
was the most suitable choice for measuring the composite temperature
inside mushroom bags because of its thermocouple principle and well
insulation. For composite moisture, the two tested types are capacitive
and resistive moisture sensors. For air quality and CO, measuring, three
different types of sensors, SGP30, CCS811, and MH-Z19, were trialled.
Finally, the BH1750 was used as an illuminance sensor.

Another important component for these sensors to work is the mi-
crocontroller boards which regulate the data acquisition process from
sensors, and perform the required calculations for precise controlling of
the actuators. Since one of the main targets was the design and imple-
mentation of an affordable monitoring/control system, the most appro-
priate microcontrollers were ESP8266 and ESP32 due to their affordable
price and available capabilities, such as Bluetooth, Wi-Fi and I2C.

The cost of the proposed system was a critical consideration in the
project due to targeted users, refugees and displaced communities.
Therefore, three different sensing nodes with low, medium and high
costs were designed and implemented (Figs. 3-5) in order to compare
their performance to choose the most appropriate product at an
affordable cost. Every sensing node was associated with a ThingSpeak
channel to monitor the sensor readings instantly in addition to saving
historical sensor data to be analysed later. The prices of all utilized
components in this study are offered in Table 1 according to 2023 prices
in Turkey, including 20 % value-added tax.

The lowest-cost sensing node consists of a microcontroller board and
three sensors shown in Fig. 3. This node contains the NodeMCU
ESP8266 development board, which is the cheapest amongst the family
of microcontrollers that can connect to the Internet. It also contains the
minimum number of general input/output pins (GPIOs) that can operate
the sensors necessary to read environmental parameters. It contains one
analogue input which enables us to read the analogue value of the
capacitive soil moisture sensor. Also, we can easily connect the com-
posite temperature sensor DS18B20 which works on 1-wire protocol and
the DHT21 temperature/humidity sensor which works also on 1-wire
protocol. We utilized a DC-to-DC converter (LM2596) to provide more
accurate voltage values for sensors from a voltage adaptor. The node
worked well with a margin of inaccuracy, especially with high humidity
values. Fig. 3 shows the detailed schematic diagram that shows how
these three sensors are connected, and to which pins, for the lowest-cost
sensing node. Furthermore, all source code files and an instructional
document are also provided as supplementary material.

The medium-cost node, illustrated in Fig. 4, consists of ESP32
WROOM 32D as a development board, DHT21 as a temperature/hu-
midity sensor, DS18B20 as a soil temperature sensor, capacitive soil
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Fig. 3. Lowest-cost sensing node.

Table 1

Utilized component prices.
Component Price ($)
NodeMCU ESP 8266 board 4.90
ESP32 WROOM 32D board 7.22
DHT21 Temperature/humidity sensor 3.87
SHT20 Temperature/humidity sensor 33.51
DS18B20 Composite temperature sensor 1.29
Capacitive moisture sensor 1.03
HD38 Resistive moisture sensor 7.09
SGP30 Air quality sensor 11.86
CSS811 Air quality sensor 34.89
BH1750 Light sensor 1.37
LM2596 DC-to-DC converter 0.89
4-channel AC dimmer module 29.06
4-channel relay module 2.45
Solid state relay (SSR) 2.76
AMS1117 3.3 V voltage regulator module 0.49
AC-DC voltage adaptor 4.28
Plastic container 0.4

moisture sensor, BH1750 ambient light sensor, and the SGP30 CO2
sensor. The ESP32 WROOM 32D has more GPIOs than the ESP8266
development board, especially analogue inputs. Furthermore, this
development board contains GPIOs pins for I2C protocol that deal with
the I2C sensors easily, such as the ambient light sensor BH1750. The
CO2 sensor, SGP30, has a moderate accuracy of about 15 %, but it is
acceptable as an indicator of CO2 level for the mushroom farm. Fig. 4
shows the detailed schematic diagram of this sensing node, where a DC-
to-DC converter (LM2596) has also been used to provide more accurate
supply voltage values for the sensors.

Finally, the highest-cost sensing node shown in Fig. 5 consists of ESP
WROOM 32 as a development board, voltage regulator, SHT20 as a
trustworthy temperature/humidity sensor that uses I2C protocol,
DS18B20, HD-38 resistive soil moisture, and CSS811 for estimating CO2
(eC0O2) and Total Volatile Organic Compounds (tVOC). The SHT20 has
high quality and it is water-proof and works on I2C protocol. The CO2
sensor CSS811 is also of high quality and works on I12C protocol. The
schematic diagram of the highest-cost sensing node with detailed pin
numbers is shown in Fig. 5.

The previous three varieties for sensing nodes were designed and
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implemented to offer different choices for mushroom farmers of
different scales starting from very small-scale refugee farmers up to
medium- and high-scale farmers. Lowest, medium and highest-cost
sensing nodes cost about $17, $33 and $90, respectively (Fig. 6), ac-
cording to 2023 prices in Turkey where the experiments were con-
ducted. All provided costs include also the cost of a voltage adaptor for
every node.

2.2. Control nodes

For the control and management section of the farm, two different
control nodes were designed and implemented, and a ThingSpeak
channel was assigned for every control node. Fig. 7 shows the basic
control node, which meets the minimum needs of a simple mushroom
farm at an affordable price. Fig. 8 shows the more advanced one for a
mushroom farm with high specifications that can control up to seven DC
and AC devices.

Starting with the first basic control circuit, which controls three
devices necessary for a mushroom farm: a humidifier, an air circulation
fan, and an extractor fan. As shown in Fig. 7, an ESP8266 microcon-
troller, a 4-channel relay module and voltage regulators were utilized.

The advanced control node can control more devices that could exist in
a larger mushroom farm, which includes: an air conditioner, a humidifier,
lights, two air circulation fans, and two extractor fans as shown in Fig. 8.
The most reliable electric control elements for the air conditioner, hu-
midifier, and light are solid-state relays (SSRs) because they provide
complete isolation between the output of the microcontroller and the input
of the high- current/voltage devices. For the four air fans, the solid-state
relays can also be used, but to control the speed of the fans a 4-channel
alternating current (AC) dimmer module was added to respond better to
the operation of other devices, such as air conditioner and humidifier. Five
different speeds, in addition to the Off state, were supported as follows: 0,
20, 40, 60, 80, and 100 % of the maximum speed for each fan.

Finally, a cost comparison was made between the basic control node
(about $14) and the advanced control node (about $49) as illustrated in
Fig. 9. With simple technical help, the farmers can choose the most
suitable nodes to implement in their farms with costs starting from about
$30 for the two simplest sensing and control nodes. Also, it is worth
mentioning that suitable packaging for the nodes is necessary to prevent
high humidity from adversely affecting the boards. This can be done
simply using affordable plastic food storage containers with secure
closures.

2.3. Application user interface

Every sensing or control node has been associated with a ThingSpeak
channel for saving the node data. For control nodes, a web page that can
be accessed using any smartphone, tablet, or any personal computer,
was developed to allow farmers to control the mushroom farm devices in
a convenient way. Additionally, a MATLAB application was also devel-
oped for controlling farm devices for professional users. The user
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interface is simple and user-friendly, where the farmer can select any
device to turn it On or Off with simple indicators and history of the
control commands for the MATLAB application. Fig. 10 shows the web
page (a) and MATLAB application (b) of the basic control node. Two
successive control commands should be separated by at least 15 s to
ensure proper update and operation of the ThingSpeak channel. The user
interfaces can also be integrated with ThingSpeak to save and monitor
current and historical data related to the state of the controlled device.

The same is true for the advanced control circuit that also has user
interfaces as a web page and a MATLAB application, as shown in Fig. 11
(a) and (b), respectively.

Fig. 12 illustrates that the MATLAB application also support reading
the data of the sensing nodes, Fig. 12(a), and controlling the devices
using the control node. It can read the current status of all connected
devices to the control node, such as air conditioner, humidifier, lumi-
nance, the two air circulation fans, and the two extractor fans, Fig. 12
(b). It has been taken into account that the control panel is as simple as
possible and contains all the necessary tabs in order to control all devices
in the mushroom farm, in addition to monitoring sensor data.

2.4. Cloud and IoT platform

The last part of our proposed system is the utilized cloud or IoT
platform. Many IoT platforms have been trialled to adopt ThingSpeak,
Fig. 13, as an IoT platform to aggregate, visualize and analyse live data
streams in the cloud. The main advantage of the usage of the ThingSpeak
platform is providing instant visualizations of data posted by sensors and
devices in addition to historical data storage. Additionally, ThingSpeak
supports all analysis and visualization capabilities of MATLAB, and it
can be integrated with other websites easily. For example, a dedicated
website was designed to provide a user interface for farmers to read the
sensor values and control the devices on the farm. The farmer can access
the farm dashboard through ThingSpeak directly or through a registered
account on the website, connected with ThingSpeak, using a username
and password to assure privacy and guarantee security. Fig. 14 shows
the farm dashboard accessed remotely and securely. Also, the website
interfaces have been designed to support different devices such as
smartphones, tablets and personal computers.

3. Results analysis and discussion

Sensor data in addition to camera images were collected and saved
successfully. Data related to relative humidity, temperature, the com-
posite temperature inside the mushroom bag, moisture inside the bag
and COy were collected successfully for two cultivation cycles. In the
second cycle, the number of parameters were increased and most of the
technical issues faced in the first cycle were overcome. More than
66,000 one-minute measurements were collected and saved for the
second cycle. For both cycles, the number exceeds 3,90,000 for 20-sec-
ond measurements. Furthermore, a data set containing more than 700
farm images and 500 videos, was also built successfully.

Fig. 15 shows the Arduino IoT platform with the instant values of
four monitored variables: temperature, relative humidity, temperature
inside bag, and moisture, with only one-day data storage and visuali-
zation in the first agricultural cycle. Arduino IoT platform supports
different computing devices from PCs, tablets and smartphones, but for
free accounts only two things/nodes with a maximum of four variables
for each can be connected and one-day data storage and visualization
are available. On the other hand, a ThingSpeak free account supports
four channels/nodes with much more storage, analysis and visualization
capabilities. Each channel supports up to eight different fields/variables
of data. Fig. 16 shows two fields of a ThingSpeak channel that show the
instant and hourly monitored temperature and relative humidity values
of an SHT20 sensor connected to a sensing node, which is associated
with this channel and reads sensor values every minute. The hourly
graphs clearly illustrate fluctuations of the sensor values due to the
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working pattern of the extractor fans, which were adjusted by the farmer
to work when the temperature exceeds 19 °Celsius and stop when under
19 °C to keep the farm temperature around 19 °C.

Similar fluctuations caused by the working pattern of the extractor
fans can also be seen for the CSS811 air-quality sensor, which measures
estimated CO», eCO9, and tVOC as shown in Fig. 17.

The lower-cost DHT21 sensor (Fig. 18), showed similar fluctuations
with temperature values (18.5 °C - 18.7 °C) and relative humidity values
(75.2% - 76.7 %) compared to the temperature values (18.8 °C —19.05 °C)

and relative humidity values (69.2 % - 70.7 %) of the higher-cost
dependable SHT20 sensor. Larger differences in relative humidity values
between the two sensors were observed with higher humidity values.

Regarding the lower-cost air-quality SGP30 sensor, Fig. 19, similar
fluctuations due to the working style of extractor fans were also noted
but with higher differences in values when compared to the higher-cost
CSS811 sensor.

Furthermore, ThingSpeak offers more powerful data analysis tools,
as MATLAB scripts, visualizations, and applications are supported by
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ThingSpeak platform. Fig. 20 shows daily and weekly data visualiza-
tions, where the differences between day and night, especially for
relative humidity values, are very clear. These differences are related to
working style of the extractor fans at this period, where they were
working on timer in day and constantly in night to keep the temperature
of the farm around 19°.

Temperature data from different sensing nodes were also compared
in Fig. 21 in the farm and inside mushroom bags. The temperature
values inside mushroom bags were substantially higher in one bag due
to mycelium colonization inside that bag. The working pattern of the
circulation fans was changed by the farmer on 20 March afternoon
(13:00 local time), which was reflected in the temperature values
depending on their distance from the fans. Also, temperatures spiked on
20 March morning due to a power cut (07:53-08:43 local time), which
caused an increase in temperature values of about two degrees. Then,
temperatures were restored in less than ten minutes when the power
came back and the fans began working again.

Power cuts were occasionally experienced, usually lasting no more
than an hour. However, there was a prolonged internet outage due to a
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technical issue with the service provider. In response, a mobile internet
connection was used to restore the required internet service for remote
monitoring and management of the farm. Of course, it is essential to take
precautions and have alternatives in place to overcome such unexpected
outage problems. Various types of mobile power generators and internet
connections can be utilized for such situations.

Fig. 22(a) shows comparisons of relative humidity for three different
sensing nodes. The differences between day and night were clear and a
prominent spike value in humidity was also seen due to the farmer’s
intervention by launching the humidifier manually for ten minutes.
Fig. 22(b) shows eCO5 values measured by SGP30 and CSS811 sensors,
where the differences between the sensor values were large, but
generally, they behaved in a similar way such that any of them can be
utilized as an affordable indicator for the CO2 level in the farm.

Fig. 23 shows images from the farm in two different cultivation cy-
cles, where the extractor and circulation fans can be seen in the back-
ground. These images were captured by the cameras inside the farm.
Furthermore, a dataset of mushroom images has been built for using in
further work using CV, AI and ML applications.

Another noticeable result was that the farmer who was enforced to
commute to the farm twice a day to check the mushrooms, was able to
monitor and manage the farm remotely when using the proposed sys-
tem, reducing fuel and time costs.

Ultimately, the technical design and implementation files, source
codes, and instruction manual of all varieties of sensing and control
nodes of the proposed oyster mushroom cultivation system will be made
available under the CC BY license. Thus, the system can be configured
and reproduced not only by NGOs and authorities working for refugee
and displaced communities but also by any group that chooses to
implement it. The system was implemented for oyster (Pleurotus
ostreatus) mushroom cultivation in a greenhouse environment with
temperature values ranging from 5 °C to 25 °C and relative humidity
values at 60-95 %. However, the system can be adapted for different
mushroom types, as well as for other crops, which are cultivated in
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greenhouse farming systems by configuring it to operate under the
desired values of temperature and relative humidity at different culti-
vation phases depending on the species [3,13]. For example, the number
of sensing nodes can be increased according to the size of the farm/-
greenhouse, and the sensors themselves can be replaced with more
appropriate sensors for the cultivated mushroom or crop. The same can

ESPB266_02

£5P8266.02

s Oste Time Tempeaturs Humicty coz

also be said for control nodes, where various farm necessary devices can
be controlled and managed by these nodes using the same architecture
and user interfaces.

4. Conclusion

This research clearly shows that it is possible to design and imple-
ment an efficient and affordable remote monitoring and controlling
system for organic oyster mushroom farming with costs starting from
about $30. The deployment of this system drew promising insights
represented by reducing labour efforts and production costs in addition
to increasing the crop production time thanks to the remotely controlled
and monitored process. This simplifies the mushroom cultivation pro-
cess so that it can be operated by lay people with a modest amount of
training, especially for internally displaced and refugee Syrians.
Furthermore, it can support them with an extra income and an addi-
tional source of good nutrition.

The implemented varieties of the oyster mushroom cultivation sys-
tem in this study can be adapted for other mushroom types as well as for
crops cultivated in greenhouse farming systems, as most of such systems
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Fig. 14. Website interface with farmer dashboard.
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rely on monitoring the greenhouse environment and managing the
various relevant devices for controlling the internal greenhouse
conditions.

The project outputs can be shared not only with NGOs and author-
ities working on agriculture projects for internally displaced and refugee
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Syrians, but also with other agriculturalists in low-income countries for
example. The operation and use of the system can be incorporated into
mushroom cultivation training courses and workshops offered by these
stakeholders. The proposed system can be produced on a larger scale for
organizations working for refugees, where some UN agencies and
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Fig. 23. Images from the farm.

international or local NGOs support such activities as a part of livelihood
and local economic recovery programs.
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