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ABSTRACT 
 

This paper describes a device that integrates remote monitoring and control electronics into a 
commercial off the shelf 120 VAC power distribution strip and surge protector.  An integrated 
microcontroller collects data on power usage from each of four AC outlets, along with two USB 
ports, and relays this information to a remote location.  Using a conventional web browser to 
generate a graphical user interface, an untrained user can easily visualize their current and past 
energy usage patterns, and send commands to control individual outlets. 
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INTRODUCTION  
 

A growing concern among industrialized nations is the increasing cost and consumption of 
electricity. By allowing consumers to monitor the power consumption of their devices, 
household electrical habits can be improved by increased awareness. A device that is shown to 
use a significant amount of power can then be switched off by the consumer. Software can also 
be written to automatically turn off devices in standby mode resulting in the decrease of waste 
electrical use.  
 
Typical devices to monitor and analyze power already exist in the marketplace and are known as 
power distribution units [1]. These units are typically used to monitor the power consumption of 
server racks and networking devices. However, these devices are cost prohibitive for typical 
residential consumer applications. 
 
The goal of this project is to allow access of power consumption information to a typical 
consumer and to facilitate the development of a consumer power distribution strip. The first 
phase is to monitor the power used by multiple outlets and to allow human control of each outlet 
through a web interface, all in real-time. 
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To execute this concept, power monitoring circuits and solid state relays are designed for each 
outlet. An integrated microcontroller collects data from each outlet and controls the relays. The 
microcontroller runs a dedicated server to decrease complexity of the system and ease 
prototyping. Using a conventional web browser to generate a graphical user interface, an 
untrained user can easily visualize their past and present energy usage patterns and send 
commands to control individual outlets. An encrypted login page maintains security control of 
the power distribution strip. The device is also equipped with surge protection circuitry to protect 
both internal components as well as the devices plugged into the device. A USB port is included 
to charge mobile devices. Figure 1 shows the final prototype in a custom enclosure.  
 

 
Figure 1. Final Prototype 

 
 

 DESIGN DETAILS 
Overview 
 
The project involves many separate components working in conjunction to meet the goals and 
objectives. Figure 2 shows a block diagram of the project. The solid arrows represent power flow 
through the device while the dashed lines represent data signals. The prototype consists of the 
following components: 
 
 -Surge Protector consisting of fuses and varistors 
 -Solid State Relay consisting of an optoisolator, triac, and heatsink 
 -Current Sensor to measure the current of the outlets 
 -Voltage Sensor to measure the line input voltage 
 -USB outlet for easy charging of mobile devices 
 -AC/DC converter / power supply to power the internal components and USB outlets 
 -Microcontroller to run the server, host the web page, and connect to the sensors 
 -Web page development to display the data in a meaningful way 
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Figure 2. Block Diagram 

 
Surge Protection 
 
Special circuitry is necessary to protect the internal components and outlets from over voltages 
and currents. This is handled with fuses and varistors. One fuse is used on both the hot and 
neutral lines and ensures the device is properly protected even if wiring is done incorrectly. The 
fuses are placed in front of the varistors and will blow when the circuit is over the rated current. 
Varistors handle overvoltage situations and short when over the rated voltage. Once shorted, the 
fuses would blow cutting power to the device. Two neon bulbs are placed on either side of the 
circuit to show that voltage is coming in from the wall outlet and that a fuse has yet to be tripped. 
Figure 3 shows the circuit diagram for the surge protection. 
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Figure 3. Surge Protection Circuit Diagram 

  
Solid State Relay (SSR) 
 
Control of an outlet is made possible through a SSR. This style of relay was chosen over a 
traditional mechanical relay because they are silent, smaller, and protect the load. An SSR can be 
used in conjunction with pulse width modulation to change the duty cycle of the load. When 
used with an LED load, the SSR can effectively dim the device with no additional hardware. The 
SSR was custom built to save on cost while still being able to switch currents up to 15A. The 
SSR is made of three parts: an optotriac, power triac, and heatsink. 
 
An optotriac electrically isolates the high voltage line currents from the low voltage 
microcontroller signals. The optotriac that was selected incorporates a built-in zero cross circuit 
and begins operation when the AC waveform hits zero. This prevents the power triac from 
clipping portions of the voltage curve which can cause current surges and electromagnetic 
interference. 
 
A 20A power triac was used to switch the AC line voltage on each outlet. A resistor and 
capacitor circuit in parallel with the power triac, called a snubber network, is used to reduce 
accidental activations caused by inductive loads.  A three-quadrant triac is used to remove the 
need of the snubber network and to simplify the circuit. A heatsink is attached to each triac to 
dissipate heat being emitted by the component. By combining the optoisolator and triac, the SSR 
is formed. Figure 3 shows the entire SSR circuit diagram. Resistor R1 determines the input 
current for the optoisolator. Resistor R2 determines the gate current for the triac. 
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Figure 4. SSR Circuit Diagram 

 
Current Sensors 
 
Current sensors are needed to measure the power being used by each load. A Hall Effect 
integrated circuit (IC) was chosen because of certain advantages it has over the other methods 
such as resistive shunts and transformers [2]. The Hall Effect sensor is inexpensive, small, and 
non-contacting, making it ideal for the system. The IC outputs an analog voltage signal that 
varies linearly with the sensed current. The analog-digital converter of the microcontroller reads 
in the voltages and converts them to integers. An algorithm converts these integers into current 
values. Because the IC outputs a sine wave with the same frequency as the line voltage, a half-
wave rectifier is used to eliminate the negative voltages which could damage the microcontroller. 
This removes the negative voltages which could give errors in the result if the current changes 
during this portion of the waveform. Multiple samples of each phase are needed to detect the 
peak of the waveform. The circuit used is simple and is most accurate when measuring resistive 
loads such as lights rather than inductive loads like motors because of a lower power factor. This 
error is acceptable for this application because of the primary concern of cost. Once calibrated to 
a known current source, the sensors are found to be accurate to 10mA for this particular sensor. 
Figure 5 shows the circuit diagram of the current sensor. 
 

 
Figure 5. Hall Effect Current Sensor Diagram 

 
Voltage Sensor 
 
Both current and voltage measurements are needed to determine power usage. Current was found 
using the above current sensors. For voltage, a constant value can be assumed but this is not very 
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accurate, as the actual voltage can change. In the United States, the ANSI C84.1 standards 
require a regulation of ±5% for a 120VAC base [3]. This allows for a range of 114-126VAC.  
Figure 6 shows the circuit used as a sensor. The circuit was designed for 120VAC applications 
and uses a transformer to reduce the 120VAC to 10VAC, which simplifies the interface with the 
microcontroller. This AC voltage is then rectified with a capacitor to smooth the signal which 
reduces the ripple voltage. The voltage divider at the end reduces the voltage to a level that will 
not damage the microcontroller. An algorithm relates the output signal to the original voltage. 
This circuit is used because of its simplicity, linearity, and low cost.  
 

 
Figure 6. Voltage Sensor Circuit Design 

 
PCB 
 
The PCB for the project was designed to be compact. As shown in Figure 7, the two sided circuit 
board was designed to withstand the line voltages and currents while insulating these voltages 
from the low voltage control signals. The microcontroller and power supply are not located on 
this board.  
 
 

 
Figure 7. PCB Design 

 
Microcontroller 
 
The initial goal of this project was to select a microcontroller that would only acquire the data 
from all of the current and voltage sensors and transmit the data. A separate external server 
would be used to host the website and to store the data. This could have been done by using an 
8051 or Arduino® microcontroller with network hardware. However, hosting the website and 
data on a local server is more conducive for a prototype.  The BeagleBone® Black (BBB) was 
chosen because of its ability to host a server and its high number of analog and digital I/O ports 
[4].  The microcontroller is pre-loaded with the Ångström Linux Distribution [5]. This system 
allows for a boot time of approximately ten seconds, letting the system start recording quickly 
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after being powered. The system was loaded with x11vnc software to allow virtual viewing of 
the desktop [6]. This gives developers a method of implementing and installing the software. 
Another feature of this device is to allow wireless connection to a router instead of requiring an 
Ethernet cable plugged into the device.  
 
Website  
 
To run the website a LAMP stack was installed and configured to run on the microcontroller [7]. 
The website’s user interface was designed with consumer ease of use at its core. The website 
allows the user to have full control over the power distribution strip. The first page incorporates 
encrypted login software to provide security. Security of the device is an important area to 
consider because of the implications of unauthorized users being able to turn devices on and off. 
After a user logs in to the site, an overview of the current status of all outlets is displayed in user 
friendly graphs as shown in figure below. The website overview page has four buttons in each 
row of the table relating to a specific task of the site, turning on and off the outlets, as well as 
showing power consumption graphs. When the user clicks on the “show graph” link, a real time 
graph is revealed and displays the power consumption over that outlet. Figure 8 shows two 
outlets of the device each powering a device for a short length of time. 

 

 
Figure 8. Real-time Power Consumption Graphs 

 
The backend of the website was built using the latest versions of PHP and Apache [7]. These 
allow for the website to be served from the microcontroller within separate power distribution 
strips, and control the operation of the four outlets connected to it. The on and off buttons 
operate by an AJAX call that then runs a shell command to set high and low values for the 
corresponding general purpose input/output pins that control the outlet relays [7]. The real time 
graphs are produced using the same method except the AJAX call triggers a shell command that 
reads values recorded from the voltage and current sensors and packages them into a JSON 
object sent back to the page for analysis and display [7]. This operation currently happens at one 
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millisecond intervals. The user-visible elements of the website were built using HTML5 and 
JavaScript. These allow for the user to be able to access the website from most modern browsers, 
whether they are on a traditional computer or any mobile device connected to the network. 
 
 

CONCLUSION 
 

A remote consumer power distribution strip was demonstrated and successfully showed the 
ability to provide consumers with a cost effective way to monitor and control electrical 
appliances. Future work will enable households to monitor more devices and to automatically 
turn on and off devices depending on power settings. 
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