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Consuming fresh drupes, vegetables can help lower a chance of developing
several chronic diseases. Unfortunately, the post-harvest life cycle's storage
stage is where fruits and vegetables (FVs) lose the most of all the food that is
produced annually. A failure to recognize important ambient environmental
conditions when using cold storage seems to be the main causes of this
elevated loss rate. The current monitoring systems for cold storage are only
able to measure warmth and moistness and ignoring further crucial
acceptable surrounding factors of radiance and gas quantity. Serious matter
gets handled in order to lower the system’s harm degree. The real time
intelligent monitoring and notification system (RT-IMNS) for icy container
is described briefly in the paper. It employs a device management platform
(loT)-enabled technique to continuously monitor hotness, comparative
moisture, brightness, fume quantity and alert staff when dangerous
thresholds are reached.
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1. INTRODUCTION

According to food and agriculture organization (FAO), food loss is projected like 1.3 bn tone for
12 months, or 33% of total generation. The need for food is always rising and by 2050 it may be
150% to 170% higher than it is today. Additionally, the World Health Organization (WHO) estimates that
inadequate intake of fruits and vegetables (FVs) contributes to almost 1.7 million deaths annually worldwide.

In comparison to every nutritious, such as flesh of an animal (20%), crops yielding (20%), dairy
(20%), and grain (30%), fish and sea food have a higher loss rate (35%) than FVs (45%). The gerund of FVs,
which will continues even after received and stay until they are overripe or begin to rot, is often thought to be
slowed down by low temperatures in cold storage [1]. Although there are other important environmental
factors to reduce the worth of FVs container part besides heat and relative moistness, such as gas
concentrations (COz, O2, CoHa) [2], [3], light intensity [4], [5] and dust.

The existing cold storage in underdeveloped nations ignores all these environmental factors,
rejecting warmth and moistness, that results in a high rate of FV loss. In light of this, In order to dilute the
drawbacks on perishable FVs in freezer container, intellectual observation on crucial social factors like hot,
moisture level, carbon dioxide, including luminous level is required [6]. There are several unique techniques
in the field of cold storage system that includes optimization algorithms [7], novel intelligent monitoring
system, and intelligent cooling system using design changes in induction motor [8].
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Cool depository is a useful tactic to preserve the calibre of perishable goods from manufacture to
consumption [9]. Here, minimizing the drop of putrefiable goods namely FVs, sensitive persons is our top
priority. We monitor environmental factors within cold storage in real time in view of executing it. This
study describes an internet of things (loT) supported instantaneous intelligent surveillance and alerting
system for several environmental parameters, including correlative moistness, illumination velocity, ambient
temperature, and gas agglomeration in frosty environments [10], [11].

Figure 1 depicts how real time intelligent monitoring and notification system (RT-IMNS) functions
in the FV supply chain. Following cultivation, FVs are transported right away. They are first kept in cold
storage, where goods may be kept for a short or long time, before being sent to a grocery store, where
consumers pick them up. The suggested method uses an RT-IMNS sensor device installed in cold storage to
measure environmental factors in real time. These values are sent to a cloud database via ESP-WROOM-32,
where they will be kept. Using the RT-IMNS Android app, staff members may keep an eye on these
environmental factors and verify the condition of commodities anticipated by prediction models at any time,
from any location. Unlike previous procedures, cold storage does not need staff to be physically present.
Because the encircling conditions in cool depository are automatically monitored in instantaneous, taking
timely action has become easier.
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Figure 1. RT-IMNS food supply chain

2. PROPOSED SYSTEM
2.1. Obijective of the proposed system

The internet of things is among the most effective technologies for managing, regulating, and
intensify supply chain performance [12]. The device helps to trace the place of the product, while the
wireless sensors help to regulate environmental factors like temperature and humidity, according to the
authors who demonstrated an interface for consuming the 10T to surveil and control a warehouse [13]-[15].
Temperature accuracy class, which categorizes temperature recording systems, is one of the standards that a
monitoring system must satisfy [16]. The suggested approach is utilized to lower the perishable goods' rate of
loss in the cold storage area. Utilizing ambient condition monitoring sensors, output devices, also an
embedded controller with wireless local area network (WLAN) effectiveness, data may be accessed from the
cloud at any time and uploaded to a Google Spread Sheet.

2.2. Block diagram of RT-IMNS

The research methodology is provided in the Figure 2. The methodology explains the research
design, repeatable research processes, and data summarization and analysis techniques. The ESP8266 is a
cost-effective Wi-Fi microcontroller for 10T applications. The block diagram of RT-IMNS illustrates the
information flow among various sensors like MQ-135 for air quality, DHT-11 for temperature and humidity,
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light-dependent resistor (LDR) for light intensity. The collected analog signals are converted into digital
signals in data acquisition unit. This data is processed in microcontroller for decision making based on
predefined threshold values. Furthermore, these data are stored in data base for historical analysis and allow
user interface to visualize data and to send alerts to end users.
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Figure 2. Block representation of the proposed RT-IMNS

2.3. Circuit diagram of proposed RT-IMNS system

The circuit diagram of the suggested method is depicted in the Figure 3. The circuit diagram
comprises of various components and the data collected from various sensors are processed in the
microcontroller, which serve as the central processing unit. For remote monitoring and control, Wi-Fi module
is used to communicate with a user interface. In addition to that, alert mechanism is provided in terms of
liquid crystal display (LCD) display to alert user when predefined threshold limits are met. This
interconnected system enables real time monitoring to users.
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Figure 3. Circuit diagram of the proposed RT-IMNS system

2.4. Flow diagram of proposed RT-IMNS system
The flowchart representation of the invented scheme is depicted in Figure 4. There are two main
blocks in the depicted Figure 4. The censoring with controlling block and the algorithmic block with database

storage and display.
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Figure 4. Flowchart of the proposed RT-IMNS system

3. RESEARCH METHOD
3.1. Monitoring unit

Two units, a monitoring unit and a controlling unit, make up the processing system. All sensor data
is gathered by the monitoring unit, which then uploads the numbers to Google Sheets every three seconds in
a variety of formats, including Microsoft Excel, open document, PDF, comma separated numbers, and tab
separated values. The values are processed to provide a final status on the product quality and environmental
factors for cold storage as: excellent, moderate, or poor.

3.2. Controlling unit

The controlling unit plays a vital role in processing the several data collected from various sensors.
The control unit gathers all the data and sends it to the algorithm block, which is a set of instructions that,
depending on the product type, conducts activities like turning on and off the exhaust system and the air-
cooling system. This is done to regulate the ambient conditions in the storage unit for the specific products.
In addition, feedback mechanism is incorporated in the system for better performance based on user inputs or
change in environmental aspects.
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3.3. Hardware components of the system
3.3.1. Microcontroller-ESP8266

A cheap, simple, small, and low-powered Wi-Fi module that can have both the message queuing
telemetry transport (MQTT) and serial protocols is the espressif system ESP8266 as depicted in Figure 5,
also known as the ESP8266 wireless transceiver. It connects the loT-based control (10T-BC) peripherals to
the cloud platform and the internet [17], [18]. The ESP8266 hosts applications, which launch instantly from
the flash. The optimized utilization of memory is supported by the integrated high-speed cache. The compact
form removes the need for large printed circuit boards (PCBSs).
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Figure 5. Block diagram of ESP8266

3.3.2. Temperature and humidity sensor

DHT11 is a standard sensing equipment to determine the heat and humid level. Self-supervision
level of the cool depository and handling must be improved for further reinforcement, and the performance
expenses must be significantly reduced, if we proceed to move the refrigerator industry toward a shielded,
regulated, atmospheric defense, fuel-efficient, appropriate behavior, and plain form of development [19],
[20]. The sensor transmits temperature and humidity data serially and includes an 8-bit microprocessor and
negative temperature coefficient (NTC) for heatness quantification. It is plain to bind the sensor to different
microcontrollers because it has been fully calibrated. The sensor has a 2 °C and 2% accuracy and can
measure heat from zero degree to fifty degree Celsius and humid levels from twenty percentages to 80% [21].
The mentioned sensing equipment is made up of a storage element for identifying humidity and a resistance
thermometer for calculating heat shown in Figure 6. Amongst the 2 electrodes of the humid detector
capacitor, there is a non-conducting medium to hold moisture. The R rate decreases as the heat rises because
this sensing element utilizes a NTC resistance thermometer to measure heat. R rises for a small change in
heat [22]. The DHT11's specifications are listed below.
— Working voltage: 3.50 t0 5.75 V
— Working current: 0.3 mA (measuring) 60 pA (standby)
— Output: serial data
— Working temperature: 0 °C to 55 °C
— Humidity range: 10% to 85%
— Resolution: 16-bit
— Accuracy: +2 °C for temperature and +2% for humidity

3.3.3. LI sensor — LDR module

By detecting the ecstatic vitality which prevails in the extremely constrained set of periodic cycles
that are commonly denoted to be illuminous, also this range of periodic cycle which starts from IR till visible
extended till UV, the above device generates O/P sign to specify the strength of illuminous is shown in
Figure 7. LDR module changes its resistance based the light intensity that falls on it, making the system to
act on variations in lighting. This module contributes in energy conservation and also in security aspects.
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3.3.4. Air quality sensor — MQ135

The MQ-135 as shown in Figure 8 is an air quality sensor (CsHs), and CO, [23]. This one from the
MQ family features both a D/A O/P port. If the level of prementioned chemicals shoots up above the
prescribed rate, the D port reacts immediately. This rate will change by implementing variable resistance. An
analog voltage is produced by the analog output pin and can be used to calculate the concentrations of
atmospheric gases.

The module depicted in Figure 9 locates dangerous pollutants in the air in residences and businesses.
Tin dioxide (SnO;), which makes up the conductivity of the sensor unit's gas sensor layer, which is less than
that of unpolluted hair, rises in response to air pollution. A tiny potentiometer built inside the air quality
sensor enables the user to adjust the load resistance of the sensor circuit. A5 V power source powers the air
quality sensor. It must be heated up in order to produce trustworthy results.
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Figure 8. MQ-135 Figure 9. Representation of air quality sensor

4. RESULTS AND DISCUSSION

Implementing an loT-based module yields substantial benefits in terms of operational efficiency,
product quality assurance, and regulatory compliance. Stakeholders can use 10T technology to optimize cold
storage management methods, cut costs, and improve overall business resilience in the face of changing
market demands and environmental problems. To deduct the deprivation of putrefiable items in cool
depository, we exhibited an intelligent system for instantaneous surveillance and alerting using an loT-
enabled method. This system automatically monitored the temperature of the inside and exterior
atmospheres, as well as the internal RH, CO2, C;H4, and ambient light intensity level and alerts users to
unsafe environmental parameter thresholds such as hotness, parallel moistness, gas level, and illumination
level. In addition, the table will display presented data such as temperature, gas level, and humidity. It
worked on both the design and the LCD screen. The temperature ranges from 40 °F to 120 °F, the moisture
level ranges from 10% to 100%, the gas level differ from CO, from 0 to 5,000 ppm and Lithium from 100 to
5,000 ppm/Lum and the light intensity ranges from 162 to 171. The gathered data is displayed in Table 1.
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Table 1. Database output |
Temperature (F)  Humidity (%)  Light Intensity

42 82 162
42 82 172
45 81.5 186
45 82 186
45 82 170
45 85 170
44 85 170
41 86 169
53 90 169
51 90 169
40 92 168
40 80 168
60 85 170
62 85 169
58 82 170
78 25 169
80 23 171
68 38 170
70 35 171
58 70 169

Performance evaluation predicts that the suggested strategy will help prevent the loss of perishable
FVs. Additionally, our suggested method allows for instantaneous surveillance via an Android application
remotely all time. Additionally, suggested RT-IMNS creates and notifies staff members of potentially
hazardous environmental parameter limitations so they can take the appropriate action in a timely manner.
However, current monitoring methods are limited to measuring temperature and do not allow for real-time
monitoring via an Android app.

Furthermore, there is no way to alert staff members when appropriate action needs to be taken in the
existing methods. As depicted in Figure 10, the first graphical user interface that displays when the user
launches the RT-IMNS app pulls instantaneous surrounding factors from the RT-IMNS directory. Based on
read values, the prediction model determines whether the commodity's state is good, unsatisfactory, or
frightening when the user presses the status button. The user receives an automated alert for urgent action
when conditions become frightening or unacceptable. On the RT-IMNS app, users may also view a graph of
measured environmental data like temperature, humidity, CO2 concentration, and light intensity as depicted
in the Figure 11.
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Figure 10. Details of monitored values in App Figure 11. Graphical depiction in App

The objective of the suggested instantaneous surveillance cum notifying module is to rank the
commodity's position into three batches: good, satisfactory, or worrying. From analysis, it was found that to
ban tinned commaodities from rotting, dilating, clearance ought to be chill and arid. The allowed hotness scale
is between 50 °F and 59 °F, Ripe fresh fruits and vegetables should be kept in storage between
35 °F and 40 °F [24]. The best temperature to preserve bananas is at 55 °F; oranges, 39 °F to 41 °F; apples,
30 °F to 39 °F [25]; mangos, 50 °F to 55 °F; and papayas, 45 °F. This can also be extended for other
commodities. The suggested module has been executed in hardware and the same has been depicted in the
Figure 12.
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Figure 12. Hardware representation of the proposed system

5. CONCLUSION

Aside from temperature and relative humidity, present strategies prohibit instantaneous surveillance
of several surrounding factors. Moreover, not a single method exists to alert personnel, the instantaneous
condition of commodities in cool depository over time. Now, an instantaneous surveillance and
communicating module in accordance with an loT supported method and aiding in beating the depriving of
putrefiable commodities in cool depository. The suggested system efficiently monitors the ambient
environmental conditions, thereby lowering the high loss rate. It monitors the temperature, relative humidity,
light, and fume quantity to inform the entire system when there is a threat. Finally, the creation of an
intelligent module in accordance with 10T in smart cool depository system with new surveillance indicates a
vital forge ahead in the management of perishable goods. Through seamlessly integrating hardware, software,
and data analytics, this revolutionary system assures ideal storage conditions, improves inventory visibility,
and reduces the risks associated with temperature changes and stock shortages. The system's ability to
modify ambient conditions using wireless sensors and real-time parameter monitoring will make it
indispensable in the warehouse industry. Workers in the warehouse can accurately monitor temperature,
humidity, and gas configuration due to the product's dependability and quickness, allowing them to take
precautions and keep food safe. Using a wireless network can help you save space, money, and power.
Monitoring several elements remotely allows for more efficient utilization of the labor and increases product
quality. Because of the huge increase in demand for cold storage services, occupational safety for warehouse
employees is becoming increasingly important. To ensure occupational health and safety in cold storage
facilities, comprehensive occupational safety management with real-time information sharing and integration
is required. Worker safety can be ensured by providing appropriate alarms and real-time situational
visualization. By implementing this approach, productivity and performance at work can be improved.
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