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ABSTRACT

This paper presents the design, implementation, and evaluation of a GSM-based home automation
system enabling remote control of household appliances via standard mobile phones. The system
architecture integrates a GSM modem with a microcontroller to receive SMS commands, interpret
them, and actuate relays connected to appliances. The methodology encompasses system modeling,
hardware interfacing, command parsing algorithms, and safety interlocks. Five research objectives
guide the study: (1) to develop a reliable SMS-based command interface, (2) to minimize command-to-
action latency, (3) to ensure electrical safety through hardware protection circuits, (4) to evaluate
system reliability under varying signal strengths, and (5) to assess user satisfaction via controlled
simulation. A statistical analysis examines command success rates, response times, and error
occurrences under ten test conditions (see Table 1). Simulation research validates system behavior
under ideal and stressed conditions, demonstrating an average command success rate of 98.5 % and
mean latency of 3.2 s. The results confirm that GSM-based control is viable for basic home automation
tasks within the technological constraints up to 2015. The paper concludes with recommendations for

future enhancements, including integration with wired backup communication and security encryption.
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INTRODUCTION

Home automation grew significantly in the early 2010s as homeowners sought convenience and energy
savings without extensive rewiring. Prior art includes PC-based systems requiring continuous Internet
connectivity and proprietary wireless protocols such as ZigBee (Smith et al., 2012). However, many regions
still lacked reliable broadband in 2015, making GSM networks an attractive alternative. This study focuses on
leveraging the global ubiquity of GSM to provide a low-cost, mobile-phone—driven interface for switching

appliances on or off. Unlike Internet-of-Things platforms that emerged post-2015, the proposed system uses
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established hardware: a microcontroller unit (MCU), a GSM modem, and electromechanical relays. The
objectives are to demonstrate functional feasibility, quantify performance metrics under realistic conditions,

and identify practical limitations inherent to SMS latency and signal variability.
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Fig: GSM Based Home Automation System

LITERATURE REVIEW

Early home automation efforts relied on X10 power-line communication (Jones & Lee, 2008), which suffered
from noise interference. Subsequent research explored RF modules operating at 433 MHz (Patel & Sharma,
2010), achieving moderate range but requiring additional transceiver hardware. By 2012, studies proposed
SMS-based control using basic feature phones, these systems utilized PIC microcontrollers and did not
evaluate statistical performance (Kumar & Bhattacharya, 2013). An improved design by Zhang et al. (2014)
introduced password-protected SMS commands but lacked an analysis of real-world signal conditions.
Moreover, none of the prior works addressed systematic simulation research to predict system behavior under
worst-case scenarios. This gap motivated the present study, which combines empirical testing with simulation

modeling to produce a comprehensive performance profile.

METHODOLOGY

The system comprises a GSM modem (SIM300 series), an 8-bit MCU (ATmegal6), a relay driver circuit
(ULN2803), and protective components (fuses and transient voltage suppressors). The GSM modem
communicates via UART at 9600 bps, the MCU runs firmware that parses incoming SMS messages formatted

as “DEVICE _CODE:COMMAND” (e.g., “L1:ON”). Upon validation, the MCU asserts the corresponding
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GPIO pin to energize a relay. A watchdog timer resets the MCU if no valid command arrives within a
predefined interval (60 s) to ensure safety. The hardware schematic adheres strictly to electrical codes valid
in 2015, including opto-isolators for relay control. Software was developed in C using AVR-GCC, with a
state-machine architecture to handle message receipt, parsing, execution, and status reporting via SMS
acknowledgment. Performance parameters include command-to-action latency, success rate (percentage of
valid commands executed correctly), and error rate (invalid or missed commands). Ten test conditions
combine strong, moderate, and weak GSM signal strengths at multiple times of day to capture diurnal

variation. Data were logged via a serial link to a PC and later analyzed.

RESEARCH OBJECTIVES
1. Develop a robust SMS-based command interface supporting up to eight appliances.
2. Quantify and minimize the latency between SMS receipt and appliance actuation.
3. Implement hardware safety measures to protect against overcurrent and voltage spikes.
4. Evaluate system reliability across varying GSM signal strengths.
5. Assess user satisfaction simulated via timing and success metrics under controlled conditions.

STATISTICAL ANALYSIS

Table 1 summarizes the statistical performance across ten test conditions. Each condition includes 100
command attempts, metrics recorded are success rate, mean latency, standard deviation of latency, and error

count.

Table 1 Statistical Performance of GSM-Based Automation System

Metric Pre-Value Post-Value Observed Change
Success Rate (%) 95.0 98.5 +3.5
Mean Latency (s) 54 3.2 2.2
Latency Std Dev (s) 1.8 0.9 —0.9
Error Count (per 100 cmds) 5 1.5 -3.5
SIMULATION RESEARCH

A software model replicating the system’s communication protocol was built in MATLAB R2014a. The
simulation incorporated random GSM network delays following a log-normal distribution fitted to field-
measured latency data. Hardware constraints, such as relay switching time (10 ms) and MCU processing
overhead (150 ms), were parameterized. Monte Carlo runs (10,000 iterations per test condition) produced

predicted command success distributions, which closely matched empirical results within a 5 % margin.
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Simulation also enabled ‘what-if” exploration of extreme conditions, such as simulating high network
congestion by doubling the mean SMS delivery time. Under such stress, the model predicted a success rate

drop to 90 % and mean latency increase to 6.8 s, informing design trade-offs for future iterations.

RESULTS

Empirical testing under ten conditions yielded an average success rate of 98.5 % and mean latency of 3.2 s.
Strong-signal tests (RSSI > —70 dBm) achieved 100 % success and latency below 2.5 s. Moderate signals (—
85 dBm to —70 dBm) resulted in 97 % success and latency around 3.5 s. Weak signals (<—85 dBm) saw 95 %
success and latency up to 5 s. Error analysis showed most failures due to SMS delivery timeouts rather than
firmware parsing. The watchdog mechanism successfully recovered from MCU lockups in fewer than 0.5 %
of runs. User satisfaction, inferred from the proportion of commands executed within 5 s, was 94 %, suggesting
acceptable performance for non-time-critical applications. Simulation outputs corroborated field data,

validating the model for use in planning system enhancements.

CONCLUSION

The presented GSM-based home automation system demonstrates that simple SMS control remains a viable
option for remote appliance management, especially in regions lacking broadband Internet as of 2015. The
integration of safety circuits and watchdog timers ensures both reliability and protection against hardware
failures. Statistical analysis and simulation research together provide a robust performance characterization,
informing design decisions for latency reduction and reliability improvement. Future work should explore
encryption of SMS commands to guard against unauthorized access, redundant communication channels (e.g.,
GPRS fallback), and integration with sensor networks for feedback-driven automation. Overall, the system
meets the defined objectives and offers a cost-effective solution for basic home automation needs using mid-

2015 technologies.
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