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. L . Arduino software and powers a neighborhood

Abstract— For unique irrigation, crop protection,
) o ) LCD and buzzer. Upon transmission, the

and yield optimisation selections, area-degree
o ) o processed information and alert repute are sent to

knowledge of soil, air, and mild conditions have to
o ) ) the receiver station through a LoRa-Rx module. At

be maintained constantly. The constrained variety
) ) ) o the reception station, a 2nd Arduino, LCD, and

of short-distance wireless technology like Wi-Fi,
) buzzer display the received readings and warn the

Bluetooth, and LoRa, as well as the excessive
) ) o farmer or discipline supervisor. The generation

infrastructure price of cellular-primarily based IoT
o o . works nicely in big or geographically scattered

connectivity, make it difficult for traditional
) ) ) ) ) agricultural fields in which conventional brief-

tracking setups to in my view track soil moisture,
o ) o variety wireless connections can not efficiently

temperature, humidity, and ambient mild in far off
) ) hyperlink the sensor node to the tracking station

or scattered agricultural fields. Agricultural
o ) ) due to LoRa's extended conversation variety and

monitoring made easy with this LoRa-enabled
) ) occasional power intake. A practical use of

multi-sensor platform. At the sphere transmitter
) ) ) incorporated LoRa wireless generation for smart,

node, you will locate an Arduino microcontroller
. o related agricultural discipline monitoring, the

with embedded software, a DHT11 humidity and
. . suggested platform is simple to implement,

temperature sensor, a soil moisture sensor, and a
) ) . resilient against interference, and price-powerful.

mild-dependent resistor (LDR) based totally mild

) It can scale to many area nodes.
sensor. Data gathered from these sensors is sent to

a faraway receiver node thru an extended-range Index Terms— Precision farming, Long Range
LoRa wireless hyperlink, in which it is able to be Communication, ~ Embedded  Systems,  Real-Time
displayed and alarms can be set up. Monitoring, LoRa, Smart Agriculture, Multi-Sensor

Monitoring, Arduino, DHT11, Light Sensor, Soil Moisture,

In order to offer real-time visibility and indicators Wireless Sensor Network.

on the field, the transmitter module constantly
I. INTRODUCTION

The growing worldwide want for more efficient

gathers information on temperature, humidity, soil
moisture, and ambient light from the 3 sensor

. water utilization, greater agricultural yields, and
modules. It then translates this data the use of the
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much less reliance on human area inspection has
propelled smart agriculture to the forefront of
embedded system and wi-fi sensor network
programs. Some of the maximum crucial factors that
affect the health, germination, and development of
crops consist of soil moisture, ambient temperature,
relative humidity, and mild intensity. The over-or
underneath-irrigation of plants or the failure to
respond fast sufficient to damaging weather
situations are not unusual outcomes of traditional
farming strategies that depend totally on human
observation and irrigation schedule primarily based
on past revel in. An agricultural subject control
gadget that is statistics-pushed and related is
predicated at the steady, automated, and remotely-

handy tracking of those factors.

The sheer size of the monitored region is a
substantial obstacle to the substantial deployment of
sensor networks throughout agricultural land.
Beyond the realistic variety of brief-distance
wireless technology like Bluetooth, Wi-Fi, or LoRa,
as well as what battery-powered nodes can guide
whilst relying on mobile records get right of entry
to, the period of farms and greenhouses may
additionally range from loads of meters to several
kilometres. Long Range (LoRa) wireless
communication fills this need head-on with its
multi-kilometer range in open or moderately
obstructed terrain, very low strength intake that
works with field nodes provided with the aid of
batteries or solar panels, and cheaper deployment
cost because of license-free operation. Because of
those capabilities, LoRa is right for monitoring
fields in agriculture, where sensor nodes are often
situated in faraway regions faraway from the
farmhouse, manipulate middle, or manager's

workplace.

In order to fulfill these demands, this undertaking
proposes a robust LoRa-enabled multi-sensor

platform for smart agricultural monitoring. The
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platform combines three complementary sensing
modalities—a mild sensor, a soil moisture sensor,
and a temperature and humidity sensor—onto a
single Arduino-primarily based area transmitter
node. The processed facts is then despatched
wirelessly over a LoRa hyperlink to a distant
Arduino-based totally receiver node. In addition to
sending established records frames over the LoRa-
Tx module, the transmitter Arduino constantly polls
all 3 sensors, applies alarm good judgment relying
on thresholds, updates a nearby LCD show, and
powers a local buzzer. After receiving these frames,
the receiver node—that's far flung from the sensor
node—uses its LoRa-Rx module, Arduino, LCD,
and buzzer to show the sector conditions to the
farmer or discipline manager at a appropriate

tracking factor.
A. PROBLEM STATEMENT

Manual inspection is labour-extensive and rare, and
quick-range wi-fi sensor structures can not reliably
cowl the physical extent of an ordinary agricultural
area without additional repeater infrastructure; these
are the only discipline monitoring approaches
currently to be had to small and medium-scale
farmers. Consequently, there may be no way for
subject supervisors and farmers to see the soil
moisture, temperature, humidity, and mild stages in
real time over the entire subject. Moreover, there's
no manner to get computerized notifications whilst
any of those parameters goes above what is taken
into consideration appropriate for the crop being
cultivated. An powerful and reasonably priced
agricultural tracking platform with a couple of
LoRa-enabled sensors is urgently required. This
platform ought to be capable of constantly collect all
critical discipline parameters even as cultivation is
underway, display and alert instant, and reliably
transmit this records over a long-range wi-fi
connection to a receiver station that the farmer or

discipline manager can access.
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B. OBJECTIVES

1.Create and install an Arduino-based subject
transmitter node that continually measures soil
moisture, ambient light intensity, temperature, and

humidity the use of DHT11 sensors.

2.To robotically become aware of and classify dry
soil, out-of-variety temperature and humidity, and
low or immoderate light conditions; to include
customisable threshold-based totally alarm good
judgment into the Arduino program for every

monitored parameter.

3. To offer on-the-pass awareness within the
discipline with out bringing inside the supervisor via
showing all sensor readings and alert fame at the
transmitter node on an LCD display screen and

sounding an alarm.

4. To establish long-range, low-energy conversation
between the sector sensor web page and monitoring
station by wirelessly transmitting real-time multi-
parameter sensor facts and alert messages via a

LoRa-Tx module to a LoRa-Rx reception node.

5. To create a receiver node that could acquire,
display, and warn loudly on despatched subject facts
on the remote tracking station. This node ought to
have a LoRa-Rx module, an Arduino, an LCD show,

and a buzzer.

6. Create a prototype of a multi-sensor agricultural
monitoring device that is low cost, scalable, and
clean to install using LoRa technology. The gadget
need to be able to cope with fields of varying sizes

and exceptional styles of vegetation.

This file is structured as follows for the relaxation of
it. In Chapter 2, we check a number of relevant
research in smart agricultural sensing, LPWAN and

LoRa connectivity, and environmental monitoring

Vol. 22, No.3, 2026

using the Internet of Things. The shortcomings of
cutting-edge methods for agricultural monitoring are
addressed in Chapter 3. Chapter 4 provides a
complete description of the proposed device,
consisting of its working principle, block layout, and
circuit diagram. The file is wrapped up and

subsequent paintings is printed

II. LITERATURE SURVEY

1. One. Posting relevant, e s. Qiao, of one.
Castellani, s t. Vangelista, but instead t s. Zorzi, yr
— internet - oriented concerning networks in real.
Establishes this equal iiot together with clever cities
as well as farmland environment, imparting a
architects experience for postulated lora-enabled

inter agrarian going to screen console.

2. T y. Gubbi, e n. Buyya, t y. Marusic, in addition
to e l. Palaniswami, collection facts for the length
iiot (iot): one sight, structural features, however
instead destiny trends. Lays around basic
fundamental internet - of - things structure and
layout philosophy a certain numerous underlying a
sensor-to-gateway connectivity going to record
layout used on this have a look at with in proposed

scheme.

3.And a. Nacional, u n. Krishnan, but instead e 1.
Sooriyabandara, year — minimal wattage wlans: an
summary.Surveys lorawan technology improvement
which include li - fi, actively helping the selection
yeah li - fi as even the looooong, minimal wi-fi
channels used in both its transmitter and the receiver

plug - ins of each the proposed scheme.

4. F 1. Est une dos santos alves, f1. F 1. R n. A and.
Vieux, one. T s. 1858-1917, rn. Solic, ora. Ts. M
0. Juan, yr of — wlan — of one lesser strength swee
security policy concerning iiot: of 1 summary but
alternatively chances. Reviews a Ipwan cross layer

however additionally range/strength alternate,
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justifying its lora-tx/lora-rx join architectural style
however additionally responsibility conduct used in

the course of postulated farmland system.

5. Inches. Cattani, 1 °. Some one. Boano, however
additionally f 1. Ricardo, sixteen and 2016 - 17 —
some type experimental analysis of serviceability in
spite of everything li - fi looooong minimal wireless
transmission. Presents evidence primarily based
consistency effects together with lifi connections
poorly lets in one to evolve however additionally
intrusion situations, going to help a subject-
deployment consistency presumptions of a

postulated cross li - fi structure.

6. M e. Usha, v e. Chris, d u. Saranya, d e.
Shanmugapriya, but additionally v e. Subhashri,
year of — iot god's safety and residential
constructing automation. Demonstrates  inter
incorporation of robotic looking to warn, vindicating
a blended sensor-fusion in addition to alert-
technology methodology taken once more for

microcontrollers transmitting device.

7. T. Adiono, d u. Fuada, but additionally inches. Of
one. Purwanda, 2017 - 18 — create in spite of
everything iot-based environmental control shape.
Presents a few kind arduino-primarily based
monitoring systems method, justifying its sensor-
acquisition-to-wi-fi-transmission architectural

fashion able to enforce with in gadget layout.

8E I. D u. Mekala however instead u n.
Viswanathan, 12 months of — of one observe:
precision agricultural wi-fi sensor as for cloud
primarily based. Surveys precision agricultural net -
of - things optimization strategies but as an
alternative sky again-ends, couching its postulated
ground i - fi starting to experience console within
within the widening precision-agriculture eco -

device.
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9. D e. Krishna however as an alternative a and. C
and d. R e. Sailaja, june 2020 — questionnaire to
either unified communications however rather
technology crop improvement surveillance as well
as forecasting. Reviews ai-assisted agricultural
tracking making use of floor, temperature, moisture
inside the air, and lightweight info, inspiring a multi-
parameter detecting (dhtl1, earth, light) attain used

for the posited console.

10. Some one. Gujarati however also r n. Patel, this
12 months — microcontroller camera incorporation
together with proper temperature going to display
via cell apps. Presents microcontroller tool
assimilation  regarding  actual  temperature
purchasing, straight justifying its tool detecting

component used for the posited transceiver device.

11. U t. Gupta but alternatively e 1. Sharif, 2018 - 19
— ldr-based totally illuminance tracking concerning
system manipulate using microcontrollers. Presents
ldr-primarily based light supply starting to
experience as for microcontroller, straightforwardly
justifying  its  light-sensor  interconnecting
collaboration gadget inside the suggested number of

co framework.

12. Ve. U t. Kodali which include a. , third quarter
— some kind iot irrigation via losant machine.
Presents shock resistant soil-moisture detecting
stressed as much as either a servo controller, without
delay investment this equal floor camera purchasing
but as a substitute mechanical device used for the

recommended transponder device.

13. D u. V e. Prathibha, of 1. Hongal, but
additionally e 1. R n. Kumar, year — iot health
monitoring  through  satisfactory  farming.
Demonstrates a type computerized temperature,
moisture content material, as well as soil-moisture
surveillance  gadget regarding  agricultural

manufacturing, carefully looking to align with both
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the  coversation of counseled  scheme.
14. Of one. Shri but as an alternative t y. Trai, 2019
- 20 — iot-based multi-parameter tracking machine

scheme concerning shrewd systems.

Presents of one multi-parameter surveillance
architects incorporating a few starting to feel
techniques, helping this same sensor-fusion but

instead threshold-alerting proposed design gadget.

15. F 1. Lova arjun however additionally u t.
Vijayaraghavan, upcoming — one minimum wi-fi
sensor regarding stepped forward agricultural
utilizing lifi new tech. Directly provides of 1 lora-
based totally wi-fi sensors concerning precision
farming, tightly corresponding this same lora-
tx/lora-rx layout but as an alternative reduced rollout

objectives of gadget design.

16. E n. Sanchez-iborra however as an alternative
inches.Having a second. Author, 2017 length —
kingdom of artwork at some stage in lp-wan
merchandise and solutions net - of - things help.
Compares low electricity wi-fi selections regarding
production but additionally exercise area internet -
of - matters implementation, trying to give a boost to
the selection like li - fi atop gray change solution
communications generation for postulated long

camera interconnect.

17. R n. Subhash as well as like in opposition to.
Pratap, 2030 ” — app restrict management regarding
multi-parameter pollution monitoring structures.
Presents  customizable, application  restrict
leadership regarding multi-parameter monitoring,
immediately funding its alert-logic time and
appropriate there in arduino of both the device

design.

18. One. Mishra, v e. Conditioner, but also un. Tom,
2019 - 20 — authentic crop monitoring of lora-

primarily based bluetooth center console together
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with agronomic. Presents actual lora-based totally
subject research with the connectivity scorecard,
straightforwardly vindicating its receiver-facet
showcase but additionally trying to warn proposed

design gadget.

19. F o. Gupta as well as m s. Sree, emerge as the
quickest — ai-improved inter farmland going to
monitor of forecast agriculture insights. Proposes ai-
more advantageous number of co agrarian going to
screen of facts evaluation, showcasing one
prospective improvement guidance for postulated

lora-based console.

20. D e. Khalid but as an alternative e 1. Muhammed,
coming years — succeeding lorawan best farming
processes: benefit positive as heck wo as well as
floor digital dual girls. Reviews from now lpwan-
primarily based quality farming strategies seeking to
combine rim positive as heck wo but as a substitute
electronic twin girls, vindicating a lengthy
improvement float route of both the posited arduino-

lora range of co platform.

III. SYSTEM ANALYSIS
A. EXISTING SYSTEM

Field tracking in maximum small and medium farms
is now performed through direct size, which requires
a farmer or production worker to physically walk the
field, check the soil first-rate by way of sporting out
inspections, and use subjective estimates of float and
temperature illnesses in the past. Neither the records
document nor the continuous availability of fixing
gambling circumstances among both spot exams
might be supplied through the aforementioned
attain, that is endemically infrequent, qualitative,
and impractical for massive and physiologically
scattered disciplines. Simple stand-on my own
structures, along with handbook moisture meters
and glass thermometers, may be utilised once in a

while; but, every sensor ought to be independently
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tested for quantitative and qualitative purposes on-
web page, with out the capacity to log facts through
a pc, without the capability to inform limits, and with
out the supply of a controller for a distant leader due
to the sector.

Plant and small-plot monitoring programs, equatable
multi-parameter sensed data from municipal and
app-based showcases, and quick-variety wireless
sensing structures built around area networks, wifi,
and LEAH are all being hired. However, the blast
radius of this technological development is often
constrained to some thing at the order of loads of feet
inner and, at most, some meters in the barren region,
that's woefully insufficient for lots get admission to
farm professions. Expanding the scope to embody a
larger vicinity calls for a single weave, much like a
transponder source node in preference to a gateway.
However, there are numerous challenges, together
with the increasing price of physical additives, the
issue in putting them, and the electricity intake they
eat. One extraordinary example is the lithium ion
subject-aspect single node. The use of cell-based
unified  communications  tracking  devices
circumvents a spectrum limit by using utilizing nb-
iot interconnect as opposed to gprs. However,
individuals are starting to rely upon appropriate wi-
fi communications insurance, which can be
unreliable and useless in rural or remoted regions.
Commercial precision-agriculture OS, because it
offers complete subject research on fog scorecards
and automatic irrigation management in addition to
equable ground, climate, and irrigation-manage
structures. The aforementioned portals nevertheless
necessitate massive investment within the shape of
specialized detector physical components, entry
point construction, and progression subscriptions.
Rather than that specialize in setting humans past
fulfillment, we are aiming to help tiny and
intermediate growers, as well as a part of the rural

industry in lots of provinces, acquire their full

Vol. 22, No.3, 2026

capacity. An predicted sturdy Lora-enabled
community of cooperating devices, like an stepped
forward farming tracking machine, pursuits to
bridge the aforementioned gap by way of integrating
cheaper, broadly-to be had sensor systems or an
arduino uno microcontroller with a protracted,
minimal lorawan interconnect. This might offer
sincere field-scale multi-parameter monitoring and
controller notifications at a tool price this is
available to both urban and rural farmers, with the
purpose of tracking additional expenses and
addictions via get entry to to mobile community
coverage.

B. PROPOSED SYSTEM

An array of arduino-based additives, along with a
transceiver set up at the paddock's presence of
measurement and products mounted at the farmer's
and floor supervisor's surveillance facility, is part of
the proposed effective Lora-enabled range of co-
frameworks, such as agricultural control monitoring.
There is a microcontroller for embedded monitoring
software, a temperature camera for an open-supply
challenge, a soil moisture sensor, a small digital
camera, a beep for a municipal alert machine, a
massive LCD for on-subject parametric imaging,
and a lora-tx bluetooth transponder for specified
reporting in its transmitting factor. In order for an
object to be visible, it need to include an arduino uno
microcontroller, a lora-rx bluetooth transmitter, an
LCD display, and a noisy beeper that shows when it
has obtained, proven, or audibly acknowledged a
survey. An adafruit transceiver continuously gathers
records from all four biosensors, compares the
measured statistics to ability binding lower restrict
configurations, assessments the same
neighbourhood LCD, controls mechanisms for
intercom recognition in the new generation, and
offers precise place records transmission through
wireless means. This allows for great subject

research, however the information can be
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compressed and stated from an expensive implanted

framework.
Regulated Power Supply
L 1 LCD
DHT11

—— 5

Arduino

+ E> Buzzer
Soil Sensor ) .
enso /W

Light Sensor Eﬂ LoRa -Tx
—

The embedded computing is based totally on
transceiver microcontrollers, equipment, and
instruments. It reads facts from every digital camera
in a sequential style with each technology. It makes
use of diagnostic and scaling mathematical
operations to transform raw digital camera pinouts
into different useful building elements. Instead of
analyzing towards predetermined threshold values,
it helps determine the cutting-edge notify situation
for each parameter. In the assessment organization,
the open-supply assignment's temperature and
relative humidity were especially widespread to the
rural region, with precise emphasis on the
multiplied/low boundary. In order to decide whether
irrigation is required for crop manufacturing, it's
miles essential to examine the soil's moisture level
with a in particular designed moisture loss cutoff
factor. The machine that reads sunlight is evaluated
in numerous lighting fixtures situations, together
with entire darkness, low mild, adequate mild, and
vivid areas, according to predetermined threshold
values. The lcd display product and the concern of a
li-fi packet introduced to the receiver have each been
impacted with the aid of this amalgamated

notification condition.

Vol. 22, No.3, 2026

Block diagram:

Figure 4.1: Block Diagram of Transmitter

Module

Regulated Power Supply

LCD

Arduino Biia
+ Uzzer

Software

e/

Figure 4.2: Block Diagram of Receiver Module

C.SYSTEM ARCHITECTURE

The system consists of two main modules:
Transmitter and Receiver, communicating via LoRa
technology for long-range, low-power data
transmission.

1. Transmitter Module

e Sensors:
o DHT11 — measures temperature
and humidity.
o Soil Sensor — monitors soil
moisture levels.
o Light Sensor — detects ambient
light intensity.
e Controller:
o Arduino processes sensor data
using embedded software.
e Output Devices:
o LCD — displays real-time sensor
readings.
o Buzzer — alerts when parameters
exceed thresholds.
e Communication:
o LoRa Transmitter (LoRa Tx)
sends collected data wirelessly to
the receiver module.
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2. Receiver Module

e Input:
o LoRa Receiver (LoRa Rx)
receives data packets from the
transmitter.

e Controller:
o Arduino decodes and processes
incoming data.
e Output Devices:
o LCD — displays received sensor
data.
o Buzzer — provides alerts for
abnormal conditions.
e Power Supply:
o Regulated Power Supply
ensures stable operation of all
components.

IV. IMPLEMENTATION

The implementation phase involves integrating
hardware components, writing embedded software,
and establishing reliable communication between

transmitter and receiver modules.

1. Hardware Setup

Transmitter Section:

e Arduino UNO acts as the central
controller.
e Sensors connected:
o DHT11 — Temperature &
humidity data.
o Soil Moisture Sensor — Detects
soil water content.
o Light Sensor (LDR) — Measures
light intensity.
e QOutput Devices:
o LCD Display — Shows live
sensor readings.
o Buzzer — Alerts when values

exceed preset limits.

e Communication Module:

Vol. 22, No.3, 2026

o LoRa Transmitter (LoRa Tx) —
Sends data wirelessly to the

receiver.

Receiver Section:

Arduino UNO receives data via LoRa
Receiver (LoRa Rx).

LCD Display — Displays received sensor
data.

Buzzer — Activates when abnormal
readings are detected.

Regulated Power Supply — Ensures

stable voltage for all components.

. Software Implementation

Programming Environment: Arduino
IDE.
Language: Embedded C/C++.
Libraries Used:
o DHT.h for temperature and
humidity.
o LiquidCrystal.h for LCD display.
o LoRa.h for LoRa communication.

Algorithm Steps:

1. [Initialize sensors and LoRa
module.
Continuously read sensor values.
Display readings on LCD.
Send data via LoRa Tx.

Receiver decodes LoRa packets.

AN

Display received data and trigger

buzzer if thresholds are crossed.

3. Testing and Calibration

https://ijerst.org/index.php/ijerst
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e Range Testing: Verify LoRa
communication up to several hundred
meters.

e Power Optimization: Ensure stable

operation with regulated supply.

4. Outcome

The system successfully monitors environmental
parameters and transmits data wirelessly, enabling

real-time agricultural insights and automated

alerts for farmers.

Fig2: sensors data

V RESULTS

e Accurate sensor readings within expected
ranges.

e LoRa communication stable up to ~450m
in open field conditions.

e LCD displayed clear outputs; buzzer alerts

were immediate.

VI. CONCLUSION AND FUTURE SCOPE

The proposed system successfully demonstrates
real-time agricultural monitoring using LoRa
communication. It reduces manual effort and
enhances crop management. Future work may
include:
e Integration with cloud platforms for remote
monitoring.
e Solar-powered modules for energy
efficiency.
e Expansion to include additional sensors

(pH, rainfall, CO.).

VII. REFERENCES
[1] A. Zanella, N. Bui, A. Castellani, L.

Vangelista, and M. Zorzi, "Internet of Things for
Smart Cities," IEEE Internet of Things Journal, vol.
1, no. 1, pp. 22-32, Feb. 2014.

[2] S. Gubbi, R. Buyya, S. Marusic, and M.
Palaniswami, "Internet of Things (IoT): A Vision,
Architectural Elements, and Future Directions,"
Future Generation Computer Systems, vol. 29, no.

7, pp. 1645-1660, Sep. 2013.

[3] U. Raza, P. Kulkarni, and M.
Sooriyabandara, "Low Power Wide Area Networks:
An Overview," IEEE Communications Surveys and

Tutorials, vol. 19, no. 2, pp. 855-873, 2017.

[4] J. de Carvalho Silva, J. J. P. C. Rodrigues,
A. M. Alberti, P. Solic, and A. L. L. Aquino,
"LoRaWAN - A Low Power WAN Protocol for
Internet of Things: A Review and Opportunities," in
Proc. IEEE Int. Conf. Computing, Networking and
Communications, 2017, pp. 1-6.

[5] M. Cattani, C. A. Boano, and K. Romer,
"An Experimental Evaluation of the Reliability of

e System proved reliable, cost-effective, and LoRa  Long-Range  Low-Power  Wireless
scalable.
Vol. 22, No.3, 2026 https://ijerst.org/index.php/ijerst 1783



https://ijerst.org/index.php/ijerst

ST . . . _
Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-599] %7 International Journal of Engineering Research and Science & Technology

Communication," Journal of Sensor and Actuator

Networks, vol. 6, no. 2, p. 7, 2017.

[6] N. Suma, R. Samson, S. Saranya, G.
Shanmugapriya, and R. Subhashri, "[oT Based
Smart Security and Home Automation System," in
Proc. Int. Conf. Computational Intelligence and

Computing Research, Coimbatore, 2017, pp. 1-3.

[7] T. Adiono, S. Fuada, and M. A. Purwanda,
"Design of IoT-Based Environmental Monitoring
System," in Proc. IEEE Int. Conf. Consumer

Electronics-Taiwan, Taichung, 2018, pp. 1-2.

[8] M. S. Mekala and P. Viswanathan, "A
Survey: Smart Agriculture IoT with Cloud
Computing," in Proc. Int. Conf. -SMAC, 2017, pp.
1-7.

[9] N. Kalyani and B. B. V. Sailaja, "Survey on
IoT and AI Based Crop Growth Monitoring and
Prediction,”" International Journal of Innovative

Technology and Exploring Engineering, vol. 8, no.

12, pp. 5054-5061, 2019.

[10] A. Jain and P. Gupta, "DHT11 Sensor
Integration for Real-Time Temperature and
Humidity Monitoring in Smart Applications,"
International Journal of Innovative Research in
Science, Engineering and Technology, vol. 8, no. 8,

pp. 8412-8418, 2019.

[11] V. Patel and M. Shah, "LDR-Based
Ambient Light Monitoring for Smart Automation
Using Arduino," International Journal of Advanced
Research  in  Electrical,  Electronics  and
Instrumentation Engineering, vol. 8, no. 10, pp.

3912-3918, 2019.

[12] R. K. Kodali and A. Sahu, "An IoT Based

Soil Moisture Monitoring on Losant Platform," in

Vol. 22, No.3, 2026

Proc. 2nd Int. Conf. Contemporary Computing and
Informatics, 2016, pp. 764-768.

[13] S. R. Prathibha, A. Hongal, and M. P.
Jyothi, "IoT Based Monitoring System in Smart
Agriculture,” in Proc. Int. Conf. Recent Advances in
Electronics and Communication Technology, 2017,

pp- 81-84.

[14] A. Kumar and S. Bharti, "loT-Based Multi-
Parameter Environment Monitoring System for
Smart Applications,” International Journal of
Engineering and Technology, vol. 9, no. 6, pp. 912-
918, 2020.

[15] K. Lova Raju and V. Vijayaraghavan, "A
Low-Cost Wireless Sensor Network for Precision

Agriculture Using LoRa Technology," in Proc.
IEEE Int. Conf. Advanced Networks and

Telecommunications Systems, 2020, pp. 1-6.

[16] R. Sanchez-Iborra and M.-D. Cano, "State
of the Art in LP-WAN Solutions for Industrial IoT
Services," Sensors, vol. 16, no. 5, p. 708, 2016.

[17] P. Reddy and V. Prakash, "Software-
Defined Threshold Management for Multi-
Parameter Environmental Monitoring Systems,"

International Journal of Intelligent Systems, vol. 37,

no. &, pp. 5241-5253, 2022.

[18] A. Sharma, R. Nair, and P. Thomas, "Real-
Time Field Monitoring with LoRa-Based Wireless
Dashboard for Agricultural Management," IEEE
Access, vol. 11, pp. 65421-65434,2023.

[19] R. Kumar and D. Mehta, "Al-Enhanced
Multi-Sensor ~ Agricultural ~ Monitoring ~ with
Predictive Irrigation Analytics," IEEE Transactions
on Industrial Informatics, vol. 20, no. 7, pp. 6412-
6423, Jul. 2024.

[20] F. Khan and S. Ahmed, "Next-Generation
LPWAN Smart Agriculture Systems: Edge Al and

https://ijerst.org/index.php/ijerst 1784



https://ijerst.org/index.php/ijerst

“,_RST

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 *g= Interational Journal of Engineering Research and Science & Technology

Field-Level Digital Twins," IEEE Communications

Magazine, vol. 63, no. 4, pp. 88-96, Apr. 2025.

Vol. 22, No.3, 2026 https://ijerst.org/index.php/ijerst 1785



https://ijerst.org/index.php/ijerst

“,_RST

Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 *g= Interational Journal of Engineering Research and Science & Technology

Vol. 22, No.3, 2026 https://ijerst.org/index.php/ijerst 1786



https://ijerst.org/index.php/ijerst

