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Abstract — This paper presents the design, implementation, and evaluation of a low-cost, scalable smart
greenhouse monitoring system using ESP8266 (NodeMCU), DHT11, and LDR sensors integrated with
Firebase Realtime Database and a Flutter-based mobile application. The system continuously monitors
temperature, humidity, and light intensity, enabling real-time data access and analysis through cloud
services. Over a one-month period, sensor data was collected and analyzed to identify environmental
patterns and correlations. Results demonstrate effective system performance in monitoring conditions
critical for plant health. Recommendations for future automation and machine learning integration are
proposed.

Keywords — Internet of Things (10T), Smart Greenhouse, ESP8266, Environmental Monitoring, Firebase, DHT11, LDR
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I. INTRODUCTION

The adoption of Internet of Things (IoT) into the agriculture practices has revolutionized traditional
farming techniques into more efficient and responsive systems. Among these innovations, smart
greenhouses have become a critical solution to the increasing demand for sustainable, resource-efficient,
and climate resilient agriculture [1]. A smart greenhouse puts to use sensor networks, microcontrollers,
wireless communication, and cloud services in tracking and regulating the environmental parameters
important for plant growth i.e. temperature, humidity and light intensity[2].

The rationale for implementing loT-based smart greenhouse systems lies in the necessity to
increase accuracy and automation in the agricultural processes [3]. As the global food demand continues
to rise, and arable land even more so, the optimal greenhouse settings are essential. Manual monitoring
and control are not only process-intensive and labor-intensive but subjected to errors, which may
negatively impact plant health and yield. Combining low-cost sensors with computer cloud, smart
greenhouses are a scalable, real-time solution that equips users with reliable insights and control
mechanisms [4].

This study suggests a cost-efficient smart greenhouse monitoring system based on ESP8266 NodeMCU
microcontroller, DHT11 sensor for temperature and humidity detection, and LDR sensor for measuring
the light intensity. The system streams transfer data into a Firebase Realtime Database and displays it
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through a mobile app that was created using Flutter. Unlike traditional greenhouses, the proposed solution
emphasizes affordability, ease of operation, and scalability for small scale farmer and hobbyists.

The aim of this research is to develop, implement, and test a system, which allows not only to observe
environmental parameters but to produce actionable insight from the data in order to ultimately contribute
to decision-making and automation. The study emphasizes real-time monitoring, historical data analysis,
and platform independence, highlighting the potential of combining open-source hardware with cloud
services to build sustainable smart agriculture solutions.

Il. RELATED WORK

The evolution of smart environments particularly homes and agricultural systems over the past decade
have been widely researched upon. The section reviews pioneering works related to automation, energy
efficiency, environmental monitoring, and security aspects of 10T-based smart systems, obtaining insights
that guide the development of the project under study.

A. Smart Home Evolution

In [5], the authors presented a seminal summary about evolution of smart home systems and classifying
their development in three timelines: standalone systems, integrated controller-based systems and
context-aware intelligent systems supported by 10T and Al technologies. Their work highlighted the
increasing need for interoperability and cost reduction as smart home technologies developed. This
research highlighted that standardisation and open platforms are vital for mass deployment and this idea
was confirmed in this greenhouse monitoring project with the help of off-the-shelf, low-cost components
and open cloud services usage.

B. Wireless Control with ZigBee

In [6], the authors developed a ZigBee-based home automation system controlled via a smartphone.
Although cost-effective and functional, the study faced challenges including limited range and device
compatibility. While ZigBee is effective for short-range mesh networks, its limitations in data handling
and network configuration complexity made it less suited for scenarios requiring large-scale cloud
integration—something more efficiently addressed by Wi-Fi-based systems such as ESP8266 used in this
study.

C. Intelligent Lighting and Energy Saving

In [7], the authors explored intelligent lighting systems using Arduino and LDR sensors, achieving up
to 40% energy savings in office environments. The study demonstrated how occupancy and light sensors
could automate lighting control effectively. Their findings informed the current project’s use of LDRs for
light detection and the potential for future energy-saving automation in greenhouses.

D. Security in Smart Automation

In [8], the authors highlighted significant security risks in smart home automation systems. Common
threats included wireless signal interception, unauthorized access, and lack of proper encryption
protocols. Their recommendations—such as using AES encryption and multi-factor authentication—are
especially relevant as 10T systems become more connected. This work motivates the secure handling of
greenhouse data in our system and outlines future improvements in authentication and encryption.

E. Renewable Energy Integration

In [9], the authors introduced a smart energy management system for homes integrating solar panels
and battery storage. Their findings proved that such systems can reduce grid dependence by up to 60%.
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Although our current system does not integrate energy harvesting, the framework is designed with
scalability in mind and could incorporate solar-powered modules in future iterations.

F. Observed Gaps and Synthesis
Across these studies, common limitations were noted:

e High implementation cost.

e Lack of security.

e Fragmented architectures.

e Minimal integration of cloud-based real-time monitoring.

While some research achieved good energy optimization or automation, few projects provided a fully
integrated, real-time, mobile-accessible platform with a user-friendly interface and open-source support.
Moreover, most systems focused on smart homes, leaving smart agriculture systems relatively
underexplored. The current work fills this gap by introducing an integrated loT-based greenhouse
monitoring platform that is affordable, cloud-connected, and scalable.

I, SYSTEM DESIGN AND IMPLEMENTATION

A. Overview

The proposed system is an integrated, real-time environmental monitoring solution designed for
greenhouse applications. It combines affordable open-source hardware with cloud services and a mobile
application interface. The architecture is modular, enabling future expansion for automation (e.g.,
actuators) and intelligent decision-making (e.g., ML-based climate control). The system is composed of
three main layers as shown in Fig 1:

e Sensing Layer — Collects environmental data.
e Processing & Communication Layer — Handles data transmission to the cloud.
e Application Layer — Provides user access to data via a mobile app.

Processing Layer

Sensing Layer

Application Layer

Fig. 1 proposed System Main Layers.
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The design prioritizes low power consumption, scalability, and ease of deployment using widely
available components. These components are shown in Fig. 2 which shows the hardware and software
components of the proposed system.

Sensing Iayer DHT11 LDR
—>

N

ESP8266 NodeMCU

Processing and
communication

layer l

Wi-Fi Network

'

Firebase Realtime Database

'

> Flutter Mobile Application

Application
layer

Fig. 2 Proposed Designed System Hardware and Software Components.

B. Hardware Architecture

Fig. 3 shows the hardware components of the designed system which composed of:

1. ESP8266 NodeMCU:

At the core is the ESP8266 NodeMCU, a Wi-Fi-enabled microcontroller known for its low cost
and ease of programming. It operates at 80 MHz-160 MHz, has integrated TCP/IP stack support, and
provides GPIO pins for interfacing with digital and analog sensors [10].

2. DHT11 Sensor:

The DHT11 ( Fig. 2) is a combined temperature and humidity sensor with a digital output. It uses a
thermistor and capacitive humidity element with built-in calibration and an integrated signal
processing chip [11]. Despite being low-cost, it delivers sufficient accuracy for general-purpose
monitoring in agricultural applications.

e Temperature Range: 0°C to 50°C, £2°C accuracy.
e Humidity Range: 20% to 80% RH, £5% accuracy.

3. LDR Sensor (Light Dependent Resistor)

An LDR provides analog input proportional to ambient light. When integrated into a voltage divider circuit,
the LDR outputs varying voltages that reflect changing light intensities[ 12]. This enables tracking of natural
sunlight and helps evaluate greenhouse transparency and lighting needs.

e Light Sensitivity: 200-10,000 lux (qualitative)

4. Power Supply (Optional Solar Extension)
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The system is powered via USB (5V), but it is designed to support solar panel and battery
integration in future versions. This prepares the system for off-grid or rural deployment, especially in

areas with limited electricity access.
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Fig. 3 Proposed System Hardware components.

C. Software and Cloud Architecture
1. Firmware (ESP8266 Code)

The ESP8266 is programmed using the Arduino IDE. It performs the following:

e Connects to a secure Wi-Fi network.

e Reads sensor data every 180 seconds.

e Formats readings into a JSON object.

e Sends data to Firebase Realtime Database.

e Re-attempts transmission upon failure or disconnection.

An NTP server is used for precise timestamping of each reading.

2. Firebase Realtime Database

Firebase is chosen for its scalability, low latency, and real-time sync across devices [13]. The sensor data
is stored as JSON records under a /sensors/ node. Each record includes:

e Temperature.

e Humidity.

e LDR (light level).
e Timestamp.

This structure allows for efficient queries and visualization across time periods.
3. Flutter Mobile Application
The mobile app, developed using Google's Flutter SDK, features:

e Real-time dashboard with current sensor readings.
e Line charts for historical trends (temperature, humidity, light).
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e Date selector for navigating past data.
¢ Notification readiness for future updates (e.g., alerts on threshold breaches).

The cross-platform nature of Flutter allows deployment on both Android and iOS [14].

D. Proposed System Workflow
The system logic is structured as a periodic sensing and communication cycle, executed by the
ESP8266 microcontroller and supported by cloud and mobile interfaces.

1. Microcontroller Logic (ESP8266)

The system workflow is shown in Fig. 4. As shown from Fig. 4, the ESP8266 Microcontroller main Logic
composes of the following three steps:

Step 1: Initialization

e Connects to a predefined Wi-Fi network.

¢ Initializes sensors.

e Configures system time via NTP for accurate timestamping.

e Authenticates and connects to Firebase using preloaded credentials.

Step 2: Periodic Data Acquisition
e Every 3 minutes, it reads data, timestamps it, and uploads to Firebase.
Step 3: Data Formatting and Transmission

e The readings are structured into a JSON object.
e The object is pushed to the Firebase Realtime Database.
o If connectivity is interrupted, the system attempts to reconnect and retry on the next cycle.
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Initialize Wi-Fi, Sensors. Time,
Firebase
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Wait for 3 Minutes
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Read Temperature, Humidity,
Light

!

Get Timestamp
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!

Upload to Firebase

Reiry Upload Repeat

Fig. 4 ESP8266 Micro Controller Function Workflow.
2. Mobile Application Logic (Flutter)
As shown in Fig. 5, the logic of the Mobile Application (Flutter) is composed of the following three steps:
Stepl: Firebase Connection Initialization:
e The app authenticates with Firebase using the Flutter Firebase SDK.

Step2: Data Retrieval and Listening:

e Real-time listeners monitor the “/sensors™ node for new data.
e Upon receiving new data, Ul elements update automatically.

Step3: Data Visualization:

e The latest sensor values are displayed in readable text.
e Historical data is visualized using charts (e.g., line charts for temperature trends).
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Fig. 5 Flutter App Function Workflow.

3. Testing and Validation (Extended)

Visual confirmation of the system’s performance was obtained through the Flutter application. The
app displays real-time and historical data in multiple formats, which supports system validation and ease
of use for end-users. As shown in Fig. 6, the main dashboard of the application lists historical sensor
readings with timestamps, temperature, humidity, and light intensity.
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Fig. 6 Real-time sensor data table in the Flutter application.

For more intuitive interpretation, the application includes interactive line charts. These charts allow
users to visualize trends in environmental conditions over time, as shown in Fig. 7, Fig. 8, and Fig.9 for
temperature, humidity, and light intensity respectively.
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Fig. 7 Temperature trend chart on March 3, 2025.
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Fig.8 Humidity variation chart on March 3, 2025.
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Fig. 9 Light intensity graph in lux values.

Additionally, the app includes a calendar-style interface to access historical data for specific days (Fig.
10), and a dropdown for navigating multiple recording dates as shown in Fig. 11.
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278

E

23:27

B 2 - o

23

az

0




International Journal of Advanced Natural Sciences and Engineering Researches

E. Innovations and Advantages:

From the comprehensive feasibility studying of the designed system’s components, many Innovations
and Advantages can be highlighted. These Innovations and Advantages are summarized in Tablel.

Table 1. Innovations and Advantages of the Designed System.

Feature Innovation / Advantage
Low-Cost Design System cost is under $15 USD using basic ESP8266 + sensors.
Cloud Integration Firebase enables real-time global access without custom backend.
Offline Resilience Temporary disconnections are handled with auto-reconnect logic.
Mobile UX Flutter-based app provides rich interactivity and visualization.
Future-Proofing | Architecture is modular, supporting future ML integration and actuators.
Open-Source Stack | All tools (ESP8266, Firebase free tier, Flutter, Arduino IDE) are free.

F. Security Considerations:

Though the current system uses Firebase’s basic auth model and private network protection, it is designed
to support:

Encrypted communication channels (HTTPS).

Secure tokens for database access.

User authentication via mobile app login.

Future: AES local encryption + OAuth2 mobile integration

These enhancements will ensure data integrity and protection in real deployments.

IV.  RESULTS AND STATISTICAL ANALYSIS

A. Data Overview

Sensor data was collected continuously over a one-month period, from March 3, 2025, to April 3, 2025,
with approximately one reading every 3-5 minutes. A total of 14,893 entries were logged, covering:

e Temperature (°C).

Relative Humidity (%0).
Light Intensity (LDR units).
Timestamps for each reading

The results include a statistical summary of the variables, visualization of time-series trends over the
monitoring period, analysis of correlations between environmental parameters, and discussion of notable
patterns or anomalies observed during the study. This large dataset allows for a reliable statistical analysis
of environmental conditions in the greenhouse.

B. Descriptive Statistics

To understand the overall range and typical values of the greenhouse environment, descriptive statistics
were calculated for temperature, humidity, and light intensity. Table 2 summarizes the mean, minimum,
maximum, and standard deviation for each variable over the one-month period. These statistics provide
insight into the central tendency and variability of the conditions inside the greenhouse.
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Table 2. Key Statistical Indicators.

Statistic Temperature (°C) | Humidity (%) | Light Intensity (LDR units)
Count 14,893 14,893 14,893

Mean 22.72 70.94 731.34

Standard Deviation | 3.13 13.20 289.52

Minimum 14.00 36.00 2

25th Percentile 20.60 62.00 402

Median (50th) 23.30 70.00 771

75th Percentile 25.20 81.00 1009

Maximum 29.30 95.00 1024

These statistics reveal the following:

e The greenhouse temperature ranged between 14.0°C and 29.3°C, with an average of 22.7°C —
suitable for a wide range of crops.

e Humidity fluctuated from 36% to 95%o, averaging 70.9%o, indicating both dry and near-saturated
periods.

e Lightintensity (via LDR) reached saturation (1024) on bright days and dropped as low as 2,
showing a clear diurnal pattern.

C. Correlation Analysis

To quantify the relationships between temperature, humidity, and light, a correlation analysis was
performed. Table 3 presents the Pearson correlation coefficients between each pair of variables over the
monthly dataset.

Table 3. Pearson Correlation Coefficients.

Variable Pair

Correlation (r)

Interpretation

Temperature vs Humidity

-0.58

Moderate negative correlation

Temperature vs Light

-0.01

No meaningful correlation

Humidity vs Light

+0.14

Very weak positive correlation

As noticed from Table 3:

e The negative correlation between temperature and humidity is expected: as temperature rises,
relative humidity tends to fall (since warmer air can hold more moisture).

e Light intensity shows negligible correlation with temperature and only a very weak positive
correlation with humidity. This is likely because while light drives temperature changes
indirectly (over time), the relationship is not instantaneous or strictly linear.

D. Observations and Trends

Through extensive observation of results, several noteworthy patterns and occasional anomalies were
observed in the data:

1. Daily Diurnal Patterns

e Temperature and humidity follow inverse cycles: daytime heating reduces humidity (as shown
in Fig 12), while nighttime cooling increases it .

e LDR readings exhibit a sharp binary day—night cycle, often reaching the sensor's maximum
range (~1024) at noon and near zero at night.
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2. Warming Trend Over the Month
A slight upward trend in daily peak temperatures was noted toward the end of March, indicating
seasonal warming as the region transitions into spring (as shown in Fig 13).

3. High Variability in Light

e The standard deviation in light readings (~289.5) shows large fluctuations, driven by the daily
solar cycle and occasional cloudy days ( as shown in Fig. 14).

4. Reliable System Uptime

e With ~15,000 entries collected over a month, the system demonstrated excellent data logging
reliability and continuous operation.

E. Visualizations (to be included)

In a full publication, this section should be accompanied by:

e Line graphs showing time-series plots of temperature, humidity, and light.
e Histograms of data distribution.
e Scatter plots showing correlations (e.g., Temp vs Humidity).

These visuals would further validate the observations and allow intuitive understanding of environmental
patterns.
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Fig. 12 Humidity Trend in the Greenhouse from March 3 to April4,2025.
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V. TOWARD A SMART CONTROL SYSTEM: DATA-DRIVEN AUTOMATION

But the smart greenhouse system is changing from mere monitoring to an intelligent and automated
control system based on real-time data, embedded logic, and predictive analytics. This section introduces
an integrated architecture, which integrates rule-based decision-making and machine learning models,
delivered using embedded systems, cloud services, and a mobile interface. The goal is to create a flexible
control system which minimises manual adjustments, maximises conditions of the environment and
contributes towards sustainable agriculture.

A. Integrated System Architecture
At the heart of the smart greenhouse is closed loop control involving:

e Sensing Layer: Gathers immediate environmental data (temperature, humidity, intensity of light).

e Decision Layer: Processes the data through rule-based logic and machine learning for models.

e Actuation Layer: Regulates fans, irrigation, and lighting according to system output.

e Communication Layer: Syncs the data to Firebase for remote access and control.

e User Interaction Layer: Offers real time monitoring and manual overrides by use of a flutter
mobile app.

This multi-layered architecture allows for on-device control for real-time response and for cloud-based
intelligence for advanced analytics and prediction capabilities.

B.  Automation Strategy
The automation is based on a hybrid strategy:

1. Rule-Based Logic on the ESP8266 provides super-speedy, solid execution of deterministic actions
(cooling in case the temperature is greater than 28°C).

2. Machine Learning Models are used to anticipate trends in the environment (for example, increase
in temperature in terms of time and light) and categorize control needs (for example, whether
irrigation is necessary).

3. Cloud-Edge Collaboration: Lightweight models (TensorFlow Lite) can process locally, whereas
more complicated models can work in the cloud, with results returned to the device via Firebase.

This hybrid design ensures:
e Low-latency decisions on-device.
e Adaptive learning and prediction through the cloud.
e Seamless integration with user interfaces and alerts.
C. Machine Learning Integration Workflow
The ML component follows a structured pipeline:
1. Data Preparation: Export sensor data via Firebase and preprocess in Python

2. Model Training:

e Regression (e.g., Linear, Decision Tree): Predict temperature/humidity.
o Classification (e.g., Decision Tree Classifier): Decide when to irrigate.
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3. Evaluation and Selection: Use metrics (e.g., RMSE, F1-score) to choose the best model

4. Deployment: Convert to TensorFlow Lite for ESP8266 or deploy in Firebase to trigger remote
actions

This pipeline enables continuous learning and system improvement.
D. Real-Time and Predictive Control Logic
Rule-Based Actions (Embedded):

e if (temperature > 28.0) activateFan();
e if (humidity < 50.0) startlrrigation();
e if (Idr <400 && isDaytime()) turnOnGrowLight();

ML-Based Predictive Logic (Cloud or Local):

e if (Idr >900 && time > 12.0) activateCooling(); // Predicted temp rise.
e if (Idr > 950 && time > 13.0) activatelrrigation(); // Likely dry conditions.

By blending static rules with adaptive logic, the system can balance speed, accuracy, and context
awareness.

E. Expected Operational Outcomes
The Expected Operational Outcomes are summurized in Table 4.

Table 4. Expected Operational Outcomes.

Metric Traditional | Smart System (Hybrid)
Manual Interventions 8-10/day 2-3/day

Temperature Stability +5°C +2-3°C

Humidity Fluctuation +20% RH +10-12% RH
Energy/Water Efficiency Low 15-30% savings

Plant Stress & Crop Health | Unpredictable | Improved and stable

The system is expected to reduce manual workload, improve crop conditions, and optimize
resource usage, particularly during peak sunlight hours when preemptive control is critical.

VI.  CONCLUSION AND FUTURE WORK

This study presented the design, implementation, and analysis of a cost-effective, loT-based smart
greenhouse monitoring system utilizing ESP8266 NodeMCU, DHT11 temperature/humidity sensors,
LDR light sensors, Firebase Realtime Database, and a Flutter-based mobile application. The system
continuously tracked environmental variables and provided real-time data visualization, which was

logged and analyzed over a one-month period.

Descriptive statistics and correlation analysis revealed strong diurnal patterns and inverse
relationships between temperature and humidity, validating the system's accuracy and consistency. Light
data showed expected solar cycles with high daily variability. From the collected dataset of nearly 15,000
entries, predictive and classification models were developed using machine learning techniques. A
Decision Tree regression model achieved an RMSE of +2.5 °C for temperature prediction, while a basic

classifier demonstrated the feasibility of data-driven irrigation decisions with 84% overall accuracy.
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The results evidently demonstrate integrating cloud computing, mobile platforms, and open-source
microcontrollers can make traditional greenhouses smart ones. The employment of predictive models
leads the way to the active management of the climate, and the logic of classification can assist in the
real-time decision-making for irrigation or shading moves.

To improve the capabilities of the system, the following improvements are recommended:

REFERENCE

(1]
[2]
(3]
[4]
(5]
[6]
[7]
(8]
[0l

1.

Full Automation with Actuators: Add relays that turn on fans, heaters, irrigation pumps,
and grow lights as the readings from the sensors and predictive models signal.

Additional Environmental Sensors: Add soil moisture, CO: and external weather inputs to
build a broader image of the context of growth.

Advanced Machine Learning Models: Employ time-series forecasting with LSTM or
ensemble models (Random Forests) for enhanced control logic and yield forecasting.
On-Device Intelligence: Deploy lightweight TensorFlow Lite Micro models for inference
directly on the ESP8266 or ESP32, unlocking the power of the edge with no cloud
dependency.

Security Enhancements: Add AES encryption, Firebase token-based authentication, and
role-based access to the mobile app in order to provide secure data transmission and access
control.

Multi-Zone and Scalable Deployment: Make the system flexible for multiple greenhouse
zones under independent targets and strategies of control operated from a central cloud
dashboard.

This project demonstrates the feasibility and impact of data-driven automation in small-scale
agriculture. It lays the groundwork for scalable, intelligent greenhouses capable of responding
dynamically to environmental changes, reducing manual effort, and enhancing sustainability in food
production.

Duguma, Amenu Leta, and Xiuguang Bai. "How the internet of things technology improves agricultural efficiency"
Artificial Intelligence Review 58, no. 2, p. 63, 2024.

Wacas, R., “Smart Greenhouse: An lot-Based Monitoring and Control System with Predictive Analytics”, The Light
Explorer, vol. 8, no. 2, 2023.

Li, Nianpu, Yimeng Xiao, Lei Shen, Zhuoyue Xu, Botao Li, and Chongxuan Yin. "Smart agriculture with an automated
loT-based greenhouse system for local communities." Advances in Internet of Things 9, no. 2, p. 15, 2019.

Kaya, Cengiz. "Intelligent Environmental Control in Plant Factories: Integrating Sensors, Automation, and Al for Optimal
Crop Production" Food and Energy Security, vol. 14, no. 1, p. e70026, 2025

Alam, M. R., Reaz, M. B. I, & Ali, M. A. M., ““ A review of smart homes—Past, present, and future.” IEEE Transactions
on Systems, Man, and Cybernetics, Part C (Applications and Reviews), vol. 42, no. 6, p. 1190-1203, 2012.

Piyare, R. “Design of wireless home automation system using ZigBee. International Journal of Smart Home,” vol. 7, no. 3,
p. 85-94, 2013.

Li, Z., Li, J., Yang, Y., Xiao, J., & Xu, B., “Design of office intelligent lighting system based on Arduino”, Procedia
Computer Science, no. 166, p.134-138, 2020.

Jose, A. C., & Malekian, R., “ Smart home automation security: A literature review. Smart Computing Review” , vol. 5,
no. 4, 269-285, 2015.

Al-Ali, A. R., Aburukba, R., & Kandil, N., “ Smart home renewable energy management system”, Energy Procedia, 12, p.
120-126, 2011.

[10] B. Mitov. “ESP8266 and Visuino: DHT11 Temperature and Humidity Web Server.” Instructables, 2021.

[11] S. Pericherla. “DHT11 Sensor with NodeMCU ESP8266.” Startertutorials, 2020.

[12] Utama, Satriyan, and Novia Utami Putri. "Implementasi Sensor Light Dependent Resistor (LDR) Dan LM35 Pada
Prototipe Atap Otomatis Berbasis Arduino.” CIRCUIT: Jurnal Iimiah Pendidikan Teknik Elektro, vol. 2, no. 2, 2018.
[13] Khedkar, Sonam, Swapnil Thube, W. I. Estate, and C. Naka. "Real time databases for applications." International
Research Journal of Engineering and Technology (IRJET) , vol. 4, no. 06, p.2078-2082, 2017.

285



International Journal of Advanced Natural Sciences and Engineering Researches

[14] Ganesan, Veeramani. "Machine Learning in Mobile Applications.” Int. J. Comput. Sci. Mob. Comput, vol. 11, no. 2, 110-
118, 2022.

Appendix: Statistical Analysis of Greenhouse Sensor Data
A. Overview of Dataset
e Total Records: 14,893 entries
e Sensor Parameters Tracked:
o Temperature (°C): Ranges from 14.0 to 29.3°C
o Humidity (% RH): Ranges from 36% to 95%
o Light Intensity (LDR): Ranges from 2 to 1024 (sensor-specific ADC scale)
e Time Span: Multiple days with high-frequency logging (~1 reading every few seconds)

B. Descriptive Statistics

Parameter Mean | Std Dev | Min | 25% | 50% | 75% Max
Temperature (°C) | 22.72 | £3.13 140 | 206 | 23.3 | 25.2 29.3
Humidity (%) 70.94 | +£13.20 | 36.0 | 62.0 | 70.0 | 81.0 95.0
Light (LDR) 731.34 | £289.52 [ 2.0 | 402.0 | 771.0 | 1009.0 | 1024.0

These statistics show a moderate environmental range suitable for typical greenhouse operation.

C. Diurnal Trend Analysis (Hourly Averages)

The following is a summary of average environmental values per hour:

Hour | Temp (°C) | Humidity (%) | LDR (Light)
00 24.03 69.43 793.62
01 23.40 71.94 925.52
02 22.90 73.08 970.59
03 22.51 73.88 971.90
04 21.93 73.97 876.93
05 21.67 74.89 947.32
06 21.31 76.43 978.48
07 21.11 78.02 905.57
08 20.92 77.72 880.01
09 20.67 77.17 722.86

e Trend Insight:
o Temperature increases gradually during the early morning hours.
o Humidity generally decreases as temperature rises.

o Lightintensity (LDR) peaks around 06:00-09:00, consistent with sunlight cycles.
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