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Abstract 
The Integrated Remote Power Control System (IRPCS) represents a breakthrough in 

intelligent energy management by leveraging Internet of Things (IoT) technology to 
enhance power efficiency and sustainability. This innovative system utilizes a 
combination of Arduino microcontrollers, Wi-Fi modules, and advanced sensors, 
including PIR for motion detection and ambient light sensors, to monitor and optimize 
electricity usage across various environments. By enabling real-time control and 
monitoring of electrical devices by the user, IRPCS significantly reduces energy wastage 
and operational costs, while promoting environmental conservation. Its scalable and 
adaptable framework ensures it is suitable for both residential and industrial applications, 
offering a versatile solution to the modern challenges of energy management. IRPCS 
stands at the forefront of energy innovation, embodying the potential of IoT to transform 
power consumption patterns towards a more sustainable and efficient future.§ 
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1 Introduction 
In the wake of escalating global energy demands and the imperative for sustainability, the 

Integrated Remote Power Control System (IRPCS) emerges as a transformative solution in the domain 
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of power management. At its heart, leveraging the robustness of Arduino UNO and Wi-Fi connectivity, 
IRPCS introduces a paradigm shift in monitoring, managing, and optimizing electrical power utilization. 
This innovative system not only facilitates seamless remote control and real-time surveillance of various 
devices but also accentuates energy conservation by integrating advanced sensor technologies and 
automated control schemes. 

 
 
The advent of the Internet of Things (IoT) magnifies the necessity for such innovative systems, as 

it connects a myriad of devices, from smart sensors to appliances, enabling them to communicate and 
analyze data autonomously. IRPCS capitalizes on this interconnectivity, optimizing power distribution 
to ensure minimal energy wastage and enhance efficiency. It embodies a future where power 
management systems are not just reactive but proactive, adapting to real-time data to conserve energy. 
Through its sophisticated design, IRPCS offers a comprehensive solution to achieve sustainable energy 
use across residential, commercial, and industrial settings, paving the way for a more efficient and 
environmentally friendly energy landscape. 

2  Related Works 
The rapid evolution of smart energy management systems is a testament to the transformative 

power of the Internet of Things (IoT) in home automation and energy conservation. This section 
systematically reviews seminal and recent works that have contributed to the development and 
enhancement of these systems, with a particular focus on the Integrated Remote Power Control System 
(IRPCS). Our review aims to highlight the technological advancements, assess the integration of various 
communication technologies, and evaluate the incorporation of security measures in the context of 
smart home automation. 

 
A pioneering study by C. Stolojescu-Crisan, C. Crisan, and B.-P. Butunoi ("An IoT-Based 

Smart Home Automation System," ISETC 2020) sheds light on the essential role of IoT technologies 
in revolutionizing home management. By enabling interconnected devices to make autonomous 
decisions, this research underscores the potential for significantly enhanced energy efficiency within 
smart homes. Such capabilities are fundamental to the goals of IRPCS, which seeks to optimize energy 
utilization through seamless device communication.[1] 

 
Research conducted by Sarishma, S. Chamoli, S. Sangwan, and V. Fore ("Smart Home 

Automation using ESP8266 and Internet of Things," NGCT-2019) investigates the application of the 
ESP8266 module in smart home automation. Their findings highlight how the integration of accessible 
technologies like the ESP8266 can strengthen the remote monitoring and control features of IRPCS, 
thereby making energy management more user-friendly and operationally efficient.[2] 

 
The importance of security in smart home automation systems is emphasized in the work of 

R. Majeed, N.A. Abdullah, I. Ashraf, Y.B. Zikria, M.F. Mushtaq, and M. Umer ("An Intelligent, Secure, 
and Smart Home Automation System," Scientific Programming 2020). This study advocates for the 
inclusion of advanced security protocols and intelligent algorithms to safeguard user privacy while 
ensuring optimal power management, a consideration that is crucial for the continued development and 
acceptance of IRPCS.[3] 

 
K. Selvaraj and A. Chakrapani ("Novel Home Automation System using Bluetooth and 

Arduino," International Journal of Advances in Computer and Electronics Engineering, 2016) explore 
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the potential benefits of employing diverse communication technologies, such as Bluetooth and 
Arduino, for enhancing device connectivity. Their research suggests that the adaptability and flexibility 
of IRPCS in incorporating various technological standards can significantly improve system 
compatibility and facilitate ease of integration.[4-12] 

 
This underscores the dynamic nature of smart energy management systems, driven by 

advancements in IoT technologies, and the critical role of security and user accessibility in the design 
and implementation of these within our System. 

 

3 Proposed System 
 

 
Figure 1: Architecture Diagram 

 
The Integrated Remote Power Control System (IRPCS) heralds a new era in electrical power 

management by incorporating Internet of Things (IoT) technology to efficiently manage, distribute, and 
conserve energy, as we have found that most previous systems were focused on integrating the home 
with automation and power theft barely any touched upon the efficiency of general day to day power 
usage therefore, we want to address this by the following system. The architecture diagram is shown in 
Fig 1. 
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  The main components required for our system are as follows: 
 
3.1. Arduino UNO R3 
3.2. Node MCU ESP 8266 
3.3. PZEM-004T Power Monitoring Module 
3.4. SIM800L GPRS GSM Module 
3.5. 4 Channel Isolated Relay Module 
3.6. PIR Sensor 
3.7. CJMCU-TEMT6000 
3.8. REES52 Voltage Converter 
 
At its core, the system utilizes the Arduino UNO R3 as the central processing unit, orchestrating the 

seamless integration of various components for optimal power utilization. The Node MCU ESP 8266 
module ensures wireless connectivity, facilitating remote access and communication, while the PZEM-
004T Power Monitoring Module measures crucial power parameters like voltage, current, and energy 
consumption with high precision. For environments lacking Wi-Fi, the SIM800L GPRS GSM Module 
Core provides reliable cellular connectivity, ensuring the system's operability through SMS-based 
communication. Additionally, the 4 Channel Isolated Relay Module plays a crucial role in controlling 
power distribution, enabling or disabling circuit parts based on user commands. These components 
work in synergy, monitored and controlled remotely through a user-friendly interface, embodying a 
commitment to energy efficiency, sustainability, and smart power management in diverse settings from 
homes to industries, paving the way towards a more sustainable and energy-efficient future. 

 

 
Figure 2: Arduino UNO R3 

 
3.1 Arduino UNO R3: The Arduino UNO R3(Fig 2) is a microcontroller board based on the 

ATmega328P. It features 14 digital input/output pins, 6 analog inputs, a 16 MHz quartz crystal, a 
USB connection, a power jack, an ICSP header, and a reset button used as the primary 
microcontroller for the system controlling the Relay and receiving the data from the PZEM-004T 
and sharing the reported data to the Node MCU Esp 8266. 

 

 
Figure 3: Node MCU ESP 8266 

Integrated Remote Power Control System for Conserving Energy... Sindhuja M. et al.

199



 
3.2 Node MCU ESP 8266: The Node MCU ESP 8266(Fig 3) is a low-cost Wi-Fi microchip with full 

TCP/IP stack and microcontroller capability. This module allows for the development of Internet 
of Things (IoT) applications using the Arduino IDE to allow WIFI based control of the system 
sending and receiving between the web application and Arduino UNO. 

 

 
Figure 4: PZEM-004T Power Monitoring Module 

 
3.3 PZEM-004T Power Monitoring Module: A power measurement module capable of monitoring 

voltage, current, power, and energy consumption. The PZEM-004T (Fig 4) provides accurate 
readings, making it essential for real-time energy monitoring applications, ensuring efficient power 
management in smart systems and used for recording power usage in our system  

 

 
Figure 5: SIM800L GPRS GSM Module  

 
3.4 SIM800L GPRS GSM Module: The SIM800L (Fig 5) module is a compact and versatile cellular 

module that offers GPRS/GSM communication capabilities. It enables voice calls, SMS messages, 
and data transmission over cellular networks, making it perfect for use in environments without 
WIFI and allow long range control of our System. 
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Figure 6: 4 Channel Isolated Relay Module 

 
3.5 4 Channel Isolated Relay Module: This module contains four high-quality relays that can control 

up to 250V at 10A per channel(Fig 6). It provides isolation between the microcontroller and the 
high-power load, ensuring safe operation in controlling appliances and enabling user control over 
a variety of devices at will. 

 

 
Figure 7: Winsen ZRD-09 PIR Sensor 

 
3.6 Winsen ZRD-09 PIR Sensor: The Winsen ZRD-09(Fig 7) is a Passive Infrared (PIR) sensor 

designed for motion detection. By detecting changes in infrared radiation, it can sense human 
presence or movement, therefore it’s used as an occupancy detection system in our system. 

 

 
Figure 8: CJMCU-TEMT6000 Light Sensor 

 
3.7 CJMCU-TEMT6000: The CJMCU-TEMT6000(Fig 8) is a light sensor which measures ambient 

light with a spectral response similar to the human eye. It's used in applications requiring automatic 
adjustment based on lighting conditions, to allow the system to shut off as per ambient lighting 
conditions after a certain Interval. 
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Figure 9: REES52 Voltage Converter 

 

3.8 REES52 Voltage Converter(Fig 9): It’s a switch mode power supply used to convert unregulated 
AC voltage to 3 separate DC voltages of 12V, 5V and 3.3V respectively. It provides supply from 
source to loads and is extremely efficient compared to regular transformer-based Power supplies. 

4 System Working 
The data acquisition from the PZEM-004T Power Monitoring Module, which precisely 

measures electrical parameters like voltage, current, power, and energy consumption in real-time along 
with inputs from environmental sensors, is processed by the Arduino UNO R3 microcontroller to 
identify consumption patterns and anomalies. Based on this analysis, the system generates control 
signals to adjust power distribution as per preset conditions of ambient light and minimum occupancy, 
executed via the 4 Channel Isolated Relay Module which in turn is controlled by the Arduino UNO. 
For remote accessibility, the Node MCU ESP 8266 module offers wireless connectivity, allowing users 
to monitor and control the system from any location. Additionally, the SIM800L GPRS GSM Module 
Core provides cellular communication for remote areas lacking Wi-Fi. This enables real-time 
adjustments to power distribution, significantly enhancing energy efficiency and reducing wastage. 
Data collected is stored for further analysis to refine power management strategies. The SMS system is 
shown in Fig 10. 

 

 
Figure 10: SMS System 
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5 Results 
Our proposed system enhances energy conservation and promotes sustainable practices by 

intelligently managing power distribution across various settings. Central to its operation are an 
Arduino UNO R3 microcontroller and a Wi-Fi module, enabling comprehensive control over power 
usage. The IRPCS uses PIR and ambient light sensors to adjust power consumption based on room 
occupancy and lighting conditions, offering significant energy savings and cost reductions by 
measuring peaks in energy consumption and allowing the user to easily manage the system. Its modular 
design ensures adaptability and scalability, meeting a wide range of operational needs from small rooms 
to large industrial workspaces, supporting environmental sustainability goals. This system signifies a 
paradigm shift in power management, integrating technology to ensure optimal energy usage and 
minimal waste, thereby aligning with global efforts for a more sustainable future. Web Application with 
Real-time Graph is shown in Fig 11. 

 

 
 

Figure 11: Web Application with Real time Graph 
 

6 Conclusion 
Integrated Remote Power Control System (IRPCS) epitomizes the fusion of IoT innovation and 

energy management, highlighting sustainable, efficient, and intelligent energy utilization. By 
optimizing power distribution through real-time data analytics and control mechanisms, IRPCS not only 
achieves notable energy efficiency and cost reductions but also champions environmental sustainability 
by minimizing unnecessary power consumption. Its adaptability across different settings reinforces its 
role as a comprehensive solution for diverse energy challenges, offering a tailored approach to energy 
conservation. Ultimately, IRPCS exemplifies how cutting-edge technology can be harnessed to foster 
a greener, more economical future in energy management. 
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7 Discussion 
IRPCS, an IoT-based power management solution, marks a step towards efficient and sustainable 

energy usage. By integrating sensor technologies like Winsen ZRD-09 PIR for motion detection and 
CJMCU-TEMT6000 for ambient light sensing, it offers a smart way to optimize power distribution 
across various environments, from residential to industrial settings. This system not only facilitates real-
time monitoring and automated control of power usage but also ensures substantial energy savings, 
reducing environmental impact. The System would focus on the transformative potential of IRPCS in 
smart power management, emphasizing its role in promoting energy efficiency, cost savings, and 
environmental sustainability. 

8 Future Work 
The Integrated Remote Power Control System (IRPCS) represents a significant leap forward 

in the realm of energy management, employing the power of Internet of Things (IoT) technology and 
analytics to enhance the efficiency and sustainability of power usage. This system is engineered to 
minimize energy waste and optimize resource allocation, offering substantial economic advantages for 
a wide range of applications, from domestic to industrial settings, therefore it can easily be updated to 
allow for cloud-based data collection and analysis for inference-based performance charts. 
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