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ABSTRACT

This study presents an innovative Smart Classroom IoT system based on the Android
platform for monitoring temperature and humidity to enhance student learning comfort.
The system integrates an Arduino microcontroller, DHT22 temperature-humidity sensors,
and a dedicated Android mobile application for real-time environmental monitoring and
control. The system automatically monitors ambient temperature and humidity conditions
in classrooms and provides notifications to educational staff when environmental parame-
ters exceed optimal ranges. Performance evaluation demonstrates significant improvements
in environmental monitoring accuracy (£0.5°C precision), user satisfaction (4.6/5.0 rating),
and energy efficiency through intelligent climate control recommendations. The Android-
based monitoring interface enables remote access to environmental data, historical trend
analysis, and proactive environmental management. The system successfully maintained
optimal learning conditions by providing continuous environmental monitoring and timely
alerts for manual intervention when needed. This study contributes to creating comfortable
learning environments while supporting energy-efficient facility management in educa-
tional institutions.
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1  INTRODUCTION

The quality of educational environments significantly impacts student learning
outcomes, with thermal comfort being a critical factor in cognitive performance and
concentration levels [1] [2]. Research demonstrates that maintaining optimal tem-
perature ranges between 22° and 26°C and humidity levels between 40 and 60%
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can enhance student concentration and academic performance by up to 15%.
Traditional classroom environmental monitoring relies on periodic manual checks,
often resulting in suboptimal conditions that can negatively affect learning effective-
ness and increase energy consumption [3].

The Internet of Things (IoT) paradigm has emerged as a transformative tech-
nology for creating intelligent educational environments. Smart classrooms
equipped with environmental sensors and real-time monitoring capabilities
can provide continuous environmental data, enabling proactive management
of learning conditions while supporting energy-efficient facility operations [4].
However, existing smart classroom implementations often lack user-friendly
interfaces and comprehensive environmental monitoring specifically designed
for educational settings.

The development of Android-based monitoring systems addresses the grow-
ing need for accessible and intuitive environmental management tools in edu-
cational institutions. Android platforms provide widespread compatibility,
cost-effective implementation, and familiar user interfaces that facilitate adop-
tion by educational staff and facility managers. Integration of IoT sensors with
Android applications enables real-time data visualization, historical analysis,
and remote monitoring capabilities essential for modern educational facility
management [5].

This paper addresses the gap in current educational environmental monitoring
by presenting a comprehensive 10T system that combines Arduino-based sensor
networks with Android mobile applications for intelligent classroom environmen-
tal monitoring. The system’s primary innovation lies in its integration of reliable
environmental sensors with user-friendly Android interfaces, providing continu-
ous monitoring capabilities while supporting both automated data collection and
manual intervention protocols [6] [7].

The main objectives of this study are to develop an integrated IoT system using
Arduino microcontrollers and environmental sensors for accurate temperature and
humidity monitoring, implement an Android-based mobile application for real-time
environmental data visualization and management, create notification systems for
proactive environmental management when conditions exceed optimal ranges, and
evaluate system performance in terms of monitoring accuracy, user satisfaction, and
energy efficiency benefits [8] [9] [10].

The significance of this work lies in its potential to transform traditional class-
rooms into monitored learning environments that prioritize student comfort
while supporting energy-efficient facility management [11] [12]. By providing
continuous environmental data through accessible Android interfaces, the pro-
posed solution addresses the limitations of manual monitoring approaches and
provides a practical framework for smart classroom implementation in educa-
tional institutions.

2  MATERIALS AND METHODS
2.1 System architecture
The Smart Classroom IoT system architecture comprises three main components

as illustrated in Figure 1: sensor network, mini server, and Android client monitor-
ing system.
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Fig. 1. System architecture of smart classroom IoT-hased android system showing the three-component
Integration: Sensor (DHT22 temperature-humidity sensors), mini server (data processing and storage),
and client monitoring android wireframe (user interface) with direct data flow connections

Sensor network (environmental data collection). The sensor component con-
sists of DHT22 temperature-humidity sensors strategically positioned throughout the
classroom to collect comprehensive environmental data. These sensors serve as the
primary data input for the monitoring system, continuously measuring ambient
temperature and humidity conditions in the learning environment [13] [14].

Mini server (data processing and storage center). The mini server functions
as the central processing and storage unit of the system. It receives environmen-
tal data directly from the sensor network, processes the measurements, validates
data accuracy, and stores both real-time and historical information locally. The mini
server serves as the bridge between sensor data collection and user access through
the Android application [15] [16].

Android client monitoring (user interface and control). The Android applica-
tion provides the user interface wireframe for environmental monitoring and sys-
tem control. It connects directly to the mini server to retrieve environmental data
and presents information through an intuitive dashboard interface suitable for edu-
cational staff and facility managers [17].

2.2 System data flow
The system operates through a streamlined three-stage data flow:

1. Sensor to Mini Server: DHT22 sensors continuously transmit temperature and
humidity measurements to the mini server through direct wired connections.

2. Mini Server Processing: The server processes, validates, and stores environmen-
tal data while maintaining historical records for trend analysis [18].

3. Mini Server to Android: The Android application retrieves data from the mini
server via local network connectivity, displaying real-time information and his-
torical trends to users [19].

This simplified architecture eliminates the complexity of cloud-based systems
while providing reliable, cost-effective environmental monitoring suitable for edu-
cational institutions with varying network infrastructure capabilities.
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2.3 Hardware implementation

The hardware implementation centers on an Arduino-based mini server con-
nected to DHT22 environmental sensors with Android device connectivity through
local network protocols. The complete hardware configuration details are provided
in Table 1, showing specific pin assignments, power requirements, and communica-
tion protocols for each component.

Table 1. Hardware component specifications and configuration

Component Connection Voltage Communication Specification
DHT22 Sensor Digital Pin 2, 5V, GND 5V One-Wire Digital | —40°C to 80°C, £0.5°C
Arduino Mini USB/Power Jack 5V/12V | Serial/Network | Atmega328p, 16 MHz
Server
Network Module | Pins 8, 9 or Ethernet Shield 5V USB/SPI WiFi/Ethernet connectivity

The DHT22 sensors connect directly to Arduino digital pins for temperature
and humidity data acquisition, with an operational range of —40°C to 80°C for tem-
perature (£0.5°C accuracy) and 0-100% relative humidity (+2% accuracy). A 4.7 kQ
pull-up resistor connects between the data pin and VCC to ensure stable digital
communication.

The mini server utilizes Arduino Uno or a similar microcontroller platform with
network connectivity capabilities through either a WiFi module or an Ethernet
shield. Local data storage utilizes EEPROM and SD card modules for historical data
retention and system configuration parameters.

The system implements local network connectivity using WiFi or Ethernet
protocols for communication between the mini server and Android devices. This
approach eliminates dependency on internet connectivity while providing reliable
data transmission within the educational facility [20].

The complete system operates on a standard 5V power supply with a total con-
sumption of approximately 200 mA during active monitoring periods and 120 mA
during standby operation, enabling continuous operation with optional battery
backup during power interruptions.

2.4 Software development and monitoring algorithm

The software architecture implements modular programming with separate com-
ponents for sensor management, data processing, local storage, and network com-
munication. The mini server software utilizes Arduino programming environment
with established libraries for sensor interfacing and data management [21] [22].

Mini server software components

e Sensor Interface Module: Manages DHT22 sensor readings with error checking
and validation

e Data Processing Module: Implements filtering algorithms and trend analysis

e Storage Management: Handles local data storage and historical record
maintenance
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Network Communication: Manages connectivity with Android devices through
local protocols
System Monitoring: Tracks system health and performance metrics

Android application development. The Android application utilizes the Java

programming language with the Android SDK for broad device compatibility.
Application architecture follows the model-view-controller (MVC) design pattern
with components optimized for local data connectivity rather than cloud-based ser-
vices (see Figure 2).

SMART CLASSROOM
PRODI TSRE FT UNP

TEMPERATURE HUMIDITY

25°C B 40%

Fig. 2. Android application interface
Local data communication protocol
HTTP requests over local network for data retrieval
JSON formatting for structured data exchange between mini server and Android
Automatic discovery and connection to mini server within local network

Offline data buffering for network interruption handling

Environmental monitoring algorithm. The system implements intelligent

monitoring with configurable parameters:

Sampling Rate: 30-second intervals during occupied periods, 5-minute intervals
during unoccupied hours

Comfort Zone Parameters: Temperature 22-26°C (adjustable +2°C), Humidity
40-60% RH (adjustable £10%)

Alert Thresholds: Warning alerts at +1°C from optimal range, critical alerts at £3°C
from optimal range

Data Validation: Range checking, trend analysis, and consistency validation
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3 RESULTS AND DISCUSSION
3.1 Environmental monitoring performance and system validation

The Smart Classroom [oT system demonstrated exceptional accuracy in environ-
mental monitoring across comprehensive testing scenarios spanning multiple class-
room environments and seasonal conditions. Extensive validation testing confirmed
the system’s capability to provide precise and reliable environmental data for edu-
cational facility management.

Temperature measurement accuracy evaluation revealed excellent correlation
with NIST-traceable reference instruments, achieving a coefficient of determination
(R?) of 0.994. The system maintained a Mean Absolute Error of £0.28°C with a stan-
dard deviation of 0.15°C across the operational temperature range of 18-30°C, typical
of climate-controlled educational environments. The DHT22 sensors maintained con-
sistent accuracy throughout the evaluation period, with a maximum drift of +0.12°C
over 90-days of continuous operation, demonstrating excellent long-term stability.

Humidity measurement validation demonstrated +1.4% accuracy compared
to calibrated reference hygrometers, with particularly stable performance in the
40-70% relative humidity range optimal for educational environments. Long-term
stability analysis showed minimal sensor drift (+0.6% over 90 days), confirming suit-
ability for extended deployment without frequent recalibration requirements.

The mini server demonstrated reliable data processing and storage capabilities,
maintaining 99.2% data integrity across the evaluation period. Local storage capac-
ity proved adequate for six-month historical data retention with hourly sampling
rates, while daily data aggregation extended storage capability for multi-year trend
analysis. The system successfully processed over 2.3 million data points during the
testing period without significant performance degradation.

3.2 Android application performance and user experience

The Android-based monitoring application demonstrated excellent performance
across diverse mobile devices and operational scenarios when connected to the local
mini server system. User experience evaluation revealed high satisfaction levels
with the application’s functionality, interface design, and monitoring capabilities.

The application interface provides intuitive access to real-time environmental
data through a clean dashboard design. Users can easily view current temperature
and humidity readings, access historical trend charts, configure alert thresholds,
and monitor system connectivity status. The main dashboard displays current con-
ditions prominently while providing quick access to detailed historical data analysis.

Data synchronization performance with the mini server achieved 98.7% reliabil-
ity with average data retrieval times of 1.3 seconds under normal local network
conditions. The application maintained responsive operation across tested Android
devices (Android 7.0-12.0), with consistent performance regardless of device speci-
fications. Response times remained stable even during peak data collection periods
with multiple concurrent users accessing the system.

Battery consumption analysis showed minimal impact on mobile device
operation, with an average additional battery drain of 2.1% per day during active
monitoring periods. Local network communication proved more energy-efficient
than cloud-based alternatives, reducing overall system power requirements and
extending mobile device battery life.
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Comprehensive user satisfaction surveys conducted with 45 participants (educa-
tors, facility managers, and administrative staff) revealed overwhelmingly positive
feedback for the Android application interface. Overall satisfaction ratings averaged
4.6/5.0 on the Likert scale, with 94% of users rating the application as “good” or
“excellent” for environmental monitoring purposes. Users particularly appreciated
the system’s reliability, ease of use, and comprehensive data presentation.

3.3 System reliability and implementation analysis

Extended reliability testing confirmed robust system operation under diverse
environmental and network conditions typical of educational institutions. The mini
server system maintained stable operation throughout 90-day evaluation periods
across multiple classroom deployments, demonstrating consistent performance
across varying environmental conditions and usage patterns.

Local network connectivity analysis demonstrated 97.8% uptime across various
institutional network configurations. The simplified architecture reduced network
dependency compared to cloud-based alternatives, improving overall system
reliability and reducing maintenance requirements. Network interruptions had
minimal impact on data collection continuity due to local data buffering capabilities.

Overall system availability measured 99.4% across all deployment sites, with an
average Mean Time Between Failures (MTBF) of 840 hours. Primary failure modes
included sensor connectivity issues (40% of incidents), power supply interruptions
(35% of incidents), and network configuration changes (25% of incidents). Most inci-
dents were resolved within two hours through standard troubleshooting procedures.

The mini server’s local data storage capability provided operational continuity
during network interruptions, with successful data preservation and retrieval in
99.6% of network outage events. This local resilience proved superior to cloud-
dependent systems in institutional environments with variable internet connectivity,
ensuring continuous environmental monitoring regardless of external network
conditions.

3.4 Energy efficiency and cost analysis

Implementation of the simplified three-component architecture provided signif-
icant cost advantages compared to cloud-based alternatives. Hardware costs aver-
aged $89 per classroom for complete sensor, mini server, and Android application
deployment, representing a 35% reduction compared to cloud-subscription moni-
toring systems. The cost-effectiveness stems from eliminated subscription fees and
reduced infrastructure requirements.

The mini server approach eliminated ongoing subscription costs while provid-
ing comparable functionality to commercial cloud-based solutions. Annual opera-
tional costs reduced to $12 per classroom for power consumption and occasional
maintenance, resulting in improved long-term cost-effectiveness for educational
institutions. Total cost of ownership over five years averaged $149 per classroom
compared to $362 for equivalent cloud-based systems (see Table 2).

Energy efficiency analysis revealed optimized power consumption through local
data processing and storage. The mini server consumed an average of 15W during
active operation and 8W during standby periods, proving significantly more effi-
cient than cloud-dependent systems requiring continuous internet connectivity and
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external server communications. Annual energy costs averaged $8.50 per classroom
based on standard institutional electricity rates.

Table 2. System performance and cost comparison

Parameter Proposed System Cloud-Based Alternative Improvement
Initial Cost $89/classroom $137/classroom 35% reduction
Annual Operating Cost | $12/classroom $45/classroom 73% reduction
System Availability 99.4% 96.8% 2.6% improvement
Data Security Local storage Cloud dependent Enhanced Privacy
Network Dependency | Local Only Internet required Reduced dependency

The simplified architecture enabled easier maintenance and troubleshooting
compared to complex multi-layer systems. Educational facility staff could perform
basic system maintenance and configuration changes without specialized network-
ing or cloud platform expertise, reducing long-term support costs and improving
system sustainability. Training requirements for system operation averaged two
hours per staff member compared to eight hours for cloud-based alternatives.

4  CONCLUSIONS

This study successfully developed and implemented a simplified Smart Classroom
IoT-based Android system for environmental monitoring that effectively addresses
the need for accessible, accurate, and cost-effective classroom environmental man-
agement in educational institutions. The three-component architecture (Sensor —
Mini Server — Android Client) proves highly effective for educational environment
monitoring while maintaining simplicity and reliability. The integration of DHT22
sensors with Arduino-based mini server and Android mobile applications achieved
+0.28°C temperature accuracy and +1.4% humidity accuracy while providing con-
tinuous data collection and real-time notifications. The system maintained 99.4%
uptime across extended evaluation periods, confirming reliability suitable for edu-
cational facility management applications. User satisfaction evaluation validates the
effectiveness of the simplified local system approach, achieving 4.6/5.0 user satis-
faction ratings and demonstrating successful technology adoption by educational
facility management staff. The simplified architecture provides substantial cost
advantages with a 35% reduction in initial costs and a 73% reduction in annual
operating expenses compared to cloud-based alternatives, contributing to long-term
sustainability for resource-constrained educational institutions.

This study demonstrates that effective environmental monitoring systems can be
achieved through simplified, locally-focused architectures rather than complex cloud-
based implementations. The three-component design provides professional-quality
monitoring capabilities while maintaining cost-effectiveness, reliability, and ease
of maintenance suitable for educational environments. Future research directions
include expansion of the mini server capabilities for multiple classroom coordina-
tion, integration with existing building management systems through standardized
protocols, and development of predictive environmental management algorithms
based on local historical data analysis. The established local architecture provides a
foundation for sustainable smart classroom development in educational institutions.
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