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Abstract 

 

The Smart Power Factor Corrector device will help promote cleaner energy by eliminating 

reactive power in household appliances. As the world moves towards a “greener” future, 

devices that optimize energy transfer will become more prevalent. Our device will constantly 

correct the power factor of household loads so that the current being drawn by the system will 

be minimized. This device will also be able to be used on a wide range of appliances. 

 

The device will consist of sensors to collect data from the main power line to determine power 

factor and peak power usage. This data will be processed by the microcontroller that will 

calculate power factor and reactive power. Using these calculated values, the microcontroller 

will control switches to a bank of corrective shunt capacitors. Our device will update every 

second to ensure maximum power efficiency. The device will be able to send data wirelessly to 

an IP address and allow the user to watch over the devices work. Our progress so far consists 

on:  the development of a Schmitt trigger, power factor correction testing, and software coding. 
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I. Introduction 

A. Background 

 
 Nowadays a lot of effort is being put towards research related to sustainable energy. 

Companies try every day to adapt themselves to this new market force and its tendency. 

Through the aid of science, we develop different ways to produce energy, like solar panels or  

wind power. And also different kinds of consumption, this is the case of the electric cars. 

However besides everything that already exist, what can be improved? 

 

The first publications on economic efficiency of reactive power compensation appeared in 

the third decade of the 20th century. Reactive power compensation is mainly used in power 

distribution networks, for reducing energy losses, improving voltage profile in medium and low 

voltage networks, and improving reactive power balance in 110 kV distribution network. It is 

very commonly used in the industrial areas, places where they have high consumptions of 

energy, and as result they are charged for this reactive energy.  

 

However, can you imagine bringing some of those advantages to the low voltage network? 

The AC power used by large household devices comes with both active and reactive power. The 

reactive power is not the main power used by these devices.  Some technologies have been 

developed in order to solve this problem, as for example, static VAR compensators employing 

thyristor switched capacitors and thyristor controlled reactors to provide or absorb the 

required reactive power.  

 

Correcting this reactive power is done easily by connecting capacitors in parallel with the 

load. Capacitors are most frequently installed in:  

 

1. High voltage/medium voltage (HV/MV) stations, being the main Feeding Point (MFP) of 

the medium voltage network, as can be seen in (Figure 1). 



 

2. Network switchboards (NS). 

3. Medium voltage/low voltage (MV/LV) stations on the low voltage terminals of 

transformer.  

 
Figure 1- Capacitors being used to correct the power factor in industries 

 

The power factor is an electric load parameter that is used for defining explicit ratio 

between active and reactive power. Power factor in Low Voltage (LV) networks range from 0.6 

during the summer nights (load minimum) to 0.9-0.95 during the winter evenings, when the 

load is at a maximum. During wintertime, there is an increase of reactive power loads due to 

the high usage of heating devices. Power line losses directly depend on load as a function of 

time (daytime and season). [1] We have talked about how power factor works and how we are 

wasting energy when the power factor is not being corrected. Every household generates 

reactive power which wastes energy.  Our device is designed to reduce the reactive power 

generated in household appliances. We can focus on fixing the power factor from appliances 

that generates the most reactive power in the house.  

Figure 2 shows how 31% of the energy being used is from heating the house. 12% of 

energy consumption is from heating water and another 12% is for cooling areas in the house 

from the air conditioner.  Only three main appliances make up around 55% of the total power 



 

consumed in a household. That data represents that we can work with the half electrical 

consumption of the house using the Smart power factor corrector in just a few devices, because 

the heating and the cooling are the biggest responsible for the energy consumptions in homes. 

 

 
Figure 2-Utility Bill Cost Breakdown 

 
 

Also measures and quantified evaluations performed in power network and using the 

described reactive power compensating method in the depth of LV feeder, indicate that losses 

caused by the reactive power are around 8 % of all technical losses in middle and low voltage 

network. The same losses in low voltage networks are even around 18 %. [1] 

 

Doing that we can obtain some relevant improvements in our electric circuit, for example: 

● The closer the power factor is towards the unity power factor than current decreases.  

● Drawing less current will lead to fewer losses due to thermal heating in transmission 

lines. 

● This will lead to less stress on the materials and less power used. 

 



 

After all, the explanation of this project is very simple, because fewer losses mean more 

efficiency and less current means less cost on materials. The result is increased savings which 

translates into less expenditure.  

 

B. Purpose 

The consumption of energy is something that every society has to deal with. Lots of 

ideas have emerged with the aim of saving money in utilities’ bills. The smart power factor 

corrector can help the consumer by saving them money in household energy costs. It is also 

applicable to bigger consumptions, such as factories and commercial establishments. The Smart 

Power Factor corrector will be focused on the common devices of our houses that consume 

reactive power such as air conditioners and refrigerators, reducing this reactive power and 

decreasing the losses, which implies savings for consumer. 

 

 

C. Literature Review 

 i. Prior Work 

 

The reactive energy is a really common subject when we talk about electricity. It is a 

problem that, since the use of electrical motors, engineers have tried to solve. In order to save 

money (saving energy) and to avoid overloads in the processing and generating lines, different 

ways of compensating the reactive power has been created. Most of these ways are based 

around using capacitors. 

  The reactive power is compensated in all factories, making these factories more 

efficient. The problem of the reactive power appears with one-phase systems and with three-

phase systems. The market contains plenty of devices to correct the reactive power, for one-

phase or three phase systems. Most of the products on the market focus the correction in 

putting in parallel capacitors big enough to compensate an averaged amount of reactive power. 

The construction of the device changes between one-phase and three-phase systems, but the 

idea is the same. So these products are separated in two types, products designed for variable 



 

correction and products designed for fixed correction. The product has to be able to manage a 

specific voltage and current, and deal with overvoltages and overcurrents. 

  The different products for correcting reactive energy can be used for global 

compensation, partial compensation and individual compensation. One example of the 

products of the market for low voltage networks are the capacitors VarPlusCan (Figure 3) (fixed 

compensation) and VarPlusBox (Figure 4) (variable compensation), built by Schneider Electric. 

Both of them are built for three-phase systems. Schneider Electric Company recommends using 

fixed correction in those installations in which the reactive power does not exceed the 15% of 

the nominal power of the transformer, and variable correction if this reactive power overcomes 

the 15% of the nominal power of the transformer [2]. But these considerations would affect if 

our device were built for industries or high consumptions such as hotels. 

Also, Eaton Powering Business Worldwide currently produces a product that corrects 

power factor using shunting capacitors. Unlike our project, Eaton provides power factor 

correction for industrial purposes that draw a high amount of power. They also do not provide 

a constantly updating system so the power factor can fluctuate with time. Our system will be 

similar to the one Eaton manufacturer's [3] but it would be on a smaller scale and be able to 

keep the power factor more constant. This solution of using corrective capacitors seems to be 

the most used and practical way to correct power factor. 

         
Figure 3-Varplus Can Capacitors (Schneider Electrics) 



 

 

 

 

 

ii. Patents 

 

1.-  Patent of  ENDESA ENERGÍA, S.A.U., company from Spain that works in the electrical 

market. Inventor: AGRELO REGUEIRA, Juan Luis 

This patent describes a device destined for low consumptions, consumptions below 15 kW. The 

device is designed for a global compensation of the reactive power. It would measure the 

power factor in the circuit breaker box, and a signal would be sent to a device connected to an 

electric outlet via PLC (power line communications) or RF radiofrequency.    [4] 

 

2.-    Reactive power compensation control system, United States Patent 3754184.  

Inventor: STONE, David W 

This patent is designed for three-phase systems. It is designed for dynamic loads. A bank of 

capacitors is connected in parallel with the load, and a control circuit controls the connections. 

[5] 

 

 

Figure 4-Varplus Box Capacitors (Schneider Electrics) Figure 4-Varplus Box Capacitors (Schneider Electrics) 



 

3.-  Reactive power compensation to minimize step voltage changes and transients, United 

States Patent 06900619. Inventors: Arnold P Kehrli, John A Diaz De Leon II, Douglas C Folts 
 
This patent consists on a device that corrects a quantity of reactive power, measuring it each 

second, and using a controller switch to correct the reactive power [6] 

 

 

iii. Relevant Codes and Standards  

 

Relevant codes and standards should be accomplished in order to develop our project. Some of 

the most important are:  IEEE Standard C37.26 and .The first one consists of describing three 

methods to measure the power factor of inductive low-voltages, the methods could be used at 

any frequency and basically they are Ratio Method, DC decrement method and Phase 

relationship method (this is the one that is going to be used). The second standard breaks the 

power measurements into components that can characterize three things: the useful real 

power delivered to the load, the reactive power that can be compensated with conventional 

power factor correction, and the power components that require other methods of 

compensation (such as active filters). 

 IEEE Standard 802.11, 2007-Wireless [2] 

o   Standard for Information Technology which states that our devices must operate in a 

2.4 GHz ISM band and have a maximum data transfer rate of 54 Mbits/s. 

 IEEE Standards 1-2000 [2] 

o   -General Principles for Temperature Limits in the Rating of Electrical Equipment and 

for the Evaluation of Electrical Insulation 

 IEEE Standards 18-2012 [2] 

o   Power capacitors rated 216 V or higher, 2.5 kVAR or more, and designed for shunt 

connection to alternating-current transmission and distribution systems operating at a 

nominal frequency of 50 Hz or 60 Hz, are considered. 

 IEEE Standards 1459-2000 [2] 

o   Definitions for the Measurement of Electric Power Quantities Under Sinusoidal, 

Nonsinusoidal, Balanced, or Unbalanced Conditions 

http://patent.ipexl.com/inventor/Arnold_P_Kehrli_1.html
http://patent.ipexl.com/inventor/John_A_Diaz_De_Leon_II_1.html
http://patent.ipexl.com/inventor/Douglas_C_Folts_1.html


 

 IEEE Standard C37.26 [2] 

o   IEEE Guide for Methods of Power Factor Measurement for Low-Voltage Inductive Test 

Circuits [2] 

 

II. Problem Definition 
 

A. Problem Statement 

 
Reactive power is only necessary in small amounts for household appliances. Lower 

power factors can dramatically increase the required current to power the appliance. Everyday 

energy is being wasted by the lagging power factor in household appliances. Fixing this problem 

will result in a reduced amount of current used by these appliances.  When every household 

benefits from these fixes, we can reduce the overall amount of power being used per day. The 

copper in transmission lines is based around how much current is designed to flow through 

those lines. With less current being drawn, we could save in the material costs of the line. 

Correcting from a .6 power factor to a power factor of .85, we can save up to 28% in current 

drawn, Formulas [1.1 - 1.2 - 1.3]. This can lead to an estimated 15% cost reduction for wiring 

materials in a typical construction of a house. This can lead to savings of over $1000 for the 

materials costs in the wiring of a house. Refer to Appendices C1 for the average costs of 

housing construction components in the US. 

 

B. Project Requirements  

 

The Smart Power Factor Corrector is a device whose main objective is to compensate 

reactive energy. In order to accomplish this objective, the requirements of the project are the 

next ones: 

 

 

 



 

1.-Performance 

 

The Smart Power Factor Corrector is a single-phase device. It is designed for low voltage 

networks, such as houses (120 V, 60 Hz). It is designed to provide a variable response, thanks to 

the switches and the Arduino based program. In order to correct a variable amount of reactive 

power, lots of capacitors will be connected in parallel to achieve this variable amount of 

reactive energy. The switches will be stepper motors, controlled by an Arduino program. The 

device will work providing an individual compensation to the load to which it is connected, such 

as refrigerators or other common consumptions. 

 

2.-Reliability 

 

The device is based on a reliable technology. The capacitors can be broken due to 

overvoltages or overcurrents. But the capacitors chosen are supposed to be able to deal with 

common overvoltages of the network. But if a capacitors breaks due to one of these reasons, 

there is not any risk. This is because the capacitors are connected in parallel, and this kind of 

capacitors when they suffer overvoltages, they explode internally but with any risk. It is a really 

small explosion, and once the capacitor stops working, it becomes isolated thanks to the 

parallel connection. The device can be disconnected in any time, so the replacement of the 

broken capacitor should not suppose a problem. 

 

3.-Costs 

 

 The device must be profitable for the costumer. This implies that the first Smart Power 

Factor Corrector can be expensive, but as a long term business, we have to decrease the costs 

in order to make it profitable and to be an attractive product to the costumer. The selling price 

of the product should be close to the hundred dollars, an attractive price for a costumer that 

looks to save money in the energy bill. The price of producing the device should be about 80 

dollars in order to take a profit of 20 dollar per unit. 



 

  

4.-Serviceability  

 

The Smart Power Factor Corrector has been designed for the use on household devices, 

mainly focusing on devices that have low power factors (0.6-0.8) and electrical motors, such as 

the refrigerator or the air conditioner. It will be connected in parallel with these devices, 

correcting the reactive power individually. It will mostly work in 120 V and 60 Hz, but it will be 

able to endure overvoltages and overcurrents for short times. It will help decrease the current 

in the device, as well as the losses. 

 

C. Constraints 

The constraints are boundaries on your design and design process, basically it is something 

that limits or restricts something, or your freedom to do something. There is a list of constraints 

that could be found in our project: 

 

1. Time 

2. Ethical 

3. Safety 

4. Budget 

5. Codes 

 

1- Time.   Possibly one of the most overlooked constraints in any design project is 

time. Particularly, for this project many factors created time constraints. All the research 

must be finished within 3 months and we should include the prototype in this period. 

Moreover, we should have done our working demo by May as deadline. 

 

2- Ethical.  Ethical constraints can be identified by using the IEEE code of ethics [7]. 

For example, designs should consider safety and health of workers, consumers, and/or 

the public or products implicitly using patent protected designs/concepts. More 



 

specifically, in this case safety is being taken in consideration as constraint, because the 

human is a resistance by itself and working with considerable voltages may produces 

dangerous currents pass through. In addition, as a group we have to respect the use of 

patents that are involved in the development of this project. 

 

3- Safety.  Our research and the data that we can work with are very limited in 

order to follow safety procedures. At the beginning the Smart Power Team is going to 

deal with low sources of voltage, around 10 V, in order to check if the program and 

connections are working correctly.  

    The Smart Power Factor Corrector will be built in an aluminum box. This box has to be 

big enough to include the essential equipment and the security devices required. Also 

this box has to be isolated and connected to ground to avoid any kind of risk in case of 

touching it.  To protect the device, the box will include a thermal-magnetic circuit 

breaker that will flip in case of a short circuit or overvoltage. 

     A main constraint we have is making the physical dimensions of the final project as small 

as possible so that it can be implemented inside homes and not be extremely 

noticeable. However putting the components too close together could cause the high 

voltages to transfer to the low voltage components and break those components. When 

designing our device, we will need to only include essential equipment and make the 

box big enough to hold all the components with enough room but small enough to be 

aesthetically pleasing. 

 

 

 

4- Budget. There are three devices which basically defines our project’s budget, they 

are the Arduino Shield (90$), the transformer (50$) and the motor run capacitor (60$). 

The other option for a switch is using a thyristor as a switch instead of physical switches. 

The problem with a thyristor would be that it would require another transformer to step 

up the current from the microcontroller to turn the thyristor on. The thyristor also 



 

would make our overall design cost at least five times as much. As an overall project our 

budget limit is not limited by a fixed price as long as it is something reasonable, our 

estimative to accomplish the final result is to spend 300$. 

 

5- Codes.  Many codes and standards are applied to the problem and are 

administered by IEEE or OSHA, for more information look at the I.C.ii section of this 

proposal. 

 

 

III. Design Specifications 
 

A. Design Overview and Deliverables 

 
The Smart Power Factor device will be able to constantly correct and monitor the power 

factor of high power usage appliances in households. This device will be able to be easily 

tailored to specific household appliances and be able to correct the power factor up to the 

maximum allowed limit specified by the appliance’s manufacturer. The Smart Power Factor 

device will be able to update and correct the power factor every second. Along with correcting 

power, it will be able to send data wirelessly and allow users to monitor their device from 

anywhere. Figure 5 shows the voltage (red), current (green), and power signal (dark blue) 

leaving the wall entering an appliance.  Before the power factor correcting device, the voltage 

and current has a phase shift.  After the power factor correcting device, the current and voltage 

have zero phase shift.  In a real world situations, the phase shift cannot be zero, but as you can 

see from the concept diagram, the power signal increases from the before correction to the 

after signal. Figure 6 is a block diagram of what the device will be consisting of.  First, we will 

retrieve a signal from the main input into sensors consisting of a Schmitt Trigger, current sensor 

and voltage transformer. The voltages and currents need to be lowered to an amount that can 

be read by the microcontroller. The transformer will output into the input of the Schmitt 

Trigger. The microcontroller will take the output of the Schmitt Trigger and will process the 

signal through an algorithm.  This signal will determine the amount of lag and we can convert 



 

that data into the amount of capacitance required to correct the power factor. The 

microcontroller will send outputs to switches that will turn switches on or off depending on 

how much capacitance is required for that moment of time. Along with sending data into the 

switches to change the capacitance, the microcontroller will be sending data to a wireless 

system. This wireless system is an attachment to the microcontroller which will send a wireless 

signal to some monitoring display and display the power factor and any other useful 

information. 

Before 

 
Figure 5-Concept Diagram 

 

 

 

 

 

After 



 

 

 

 

 

 

 

 

 

Figure 7 shows a detailed algorithm program we will be using with the microcontroller. 

The algorithm will first focus on the inputs of the microcontroller. The step down ratio of the 

transformers will be known so that we can calculate the actual value of the current and voltage 

of the main power line. The algorithm will also take into effect the phase change of the voltage 

transformers to accurately calculate the power factor by using a Schmitt Trigger. The onboard 

Arduino 10-bit ADC will be used and allow us to record data for a set amount of time and then 

process the phase difference and calculate the power factor. The outputs of the microcontroller 

will be the switches and the wireless transmission. The wireless transmission will be done 

through the Arduino shield which has pre-written code. The code will also take into account 

how long the capacitor will need to discharge its electrical energy to prevent arcing. 

Figure 6-Block Diagram 



 

 
Figure 7-Program Algorithm 



 

B. Functional Specifications 

The power factor corrector is a product that has the ability to correct power factor of a 
wide range of appliances and will be able to be monitored wirelessly and display this data 
online.  
  
Functional Specifications 

 Supplies a power factor correction based upon capacitive load suitable to a variety of 
appliances. 

 Supplies connections between capacitors and microcontroller through thyristors 
switches 

 Uses Arduino algorithm to calculate required capacitance to correct power factor 

 Provides corrections to the power factor, with updates as often as every 1 s. 

 Uses Arduino-shield-based 802.11b wireless communication to provide display 
information 

 Provides a web-based display that includes: uncorrected power factor, corrected power 
factor, current, and power usage. 

  
Physical Specifications 

 Has dimensions: 1’ x 1’ x 0.5’ 

 Power correction device components contained in metal casing to shield from 
interference and increase safety and aesthetics. 

 Capacitor bank contained within metal casing connected to switches 

 Use Arduino-board attachable components for 802.11b wireless communications 
 

IV. Design Results 

A. System Design 

 The Smart Power Factor Corrector will be comprised of three main subsystems. The 

sensor subsystem will be used to determine and send to the microcontroller the phase shift 

between the sinusoidal voltage and current of the main line as well as the magnitude of the 

current. The second subsystem is the microcontroller. This subsystem will take the information 

from the sensors and calculate the power factor and reactive power of the load. Then the 

microcontroller will output signals used to capacitor banks to correct the power. The last 

subsystem will be transmitting the data, such as power factor and power usage, via WiFi so that 

we can view the data online. This will be done with the Arduino WiFi shield that attaches to the 

Arduino. The code for transmission of data is provided with the purchase of the hardware and 



 

the only things we need to do is specify where and what info from the microcontroller we want 

to send. 

 The main feature of the Smart Power Factor Corrector will be keeping the power factor 

above a preset value and check and update the correction every second. A major concern of the 

project is the switching of capacitors and the arcing that can occur if the capacitors are not fully 

discharged. With the capacitors we are using, we estimate that if we wait for one second before 

switching on and off capacitors, the capacitors will be fully discharged. We will also need to 

make sure in our box of components to completely separate the low and high voltage parts to 

ensure voltage doesn’t jump over and damage the equipment. We want to make this box as 

small as possible to easily be integrated into a household environment however, the smaller we 

make the box, the greater the chance of voltages jumping to other areas of the device. To 

remedy this, we have decided the box to be 1’x1’x6”. This will still allow the device to be of a 

modest size but allow for the integrity of the box to be intact. This still needs to be tested. 

 

 

 

B. Subsystem Design 

 

1. Sensor Subsystem 

 The subsystem will provide signals indicating the difference in phase between the 

sinusoidal voltage and current to the microcontroller. The sensor subsystem will first step down 

the voltage and current from the 120V and up to 20 A to the limits of the microcontroller which 

are 5V and 50 mA. 

 The voltage will be brought down to 5V with a voltage transformer. The transformed 

voltage will go into a Schmitt Trigger and then into the microcontroller. The phase shift due to 

the transformer will be accounted for by the coding algorithm. The current sensor will be done 

with the ACS712 Breakout. This device can handle current up to 20A and outputs an analog 

voltage output signal that varies linearly with sensed current [8]. This will allow for us to know 

when the voltage and current pass through zero and the microcontroller can account for that 

time difference. 



 

2. Microcontroller Subsystem 

The microcontroller will be where the data from the sensors are used to calculate the 

power factor and reactive power of the load. The microcontroller will also need to be able to 

control switches that will turn on and off switches to the capacitor banks. 

 The microcontroller chosen by the Smart Power Factor Team is the Arduino Uno rev 3. 

The reason we chose the Arduino over other microcontrollers is because of the large number of 

configurable input/output ports and the easily attachable Arduino Wi-Fi shield. The power 

factor can be easily calculated by having the time delay and frequency of the signal. The 

reactive power will then be calculated using the power factor and the magnitude of the power 

of the load. With the reactive power, we can find the amount of capacitance needed to correct 

the power factor. The microcontroller will turn switches on and off to vary the capacitance 

needed.  

Schematic of the circuit design can be seen in the appendix. Figure 8 illustrates the overall flow 

of the sensor subsystem. Important Specifications: 

● Arduino Uno rev3 [9] 

○ Flash Memory32 KB (ATmega328) of which 0.5 KB used by boot loader 

○ SRAM2 KB (ATmega328) 

○ EEPROM1 KB (ATmega328) 

○ Clock Speed16 MHz 

○ 10 bit ADC 

 

 

 

 

 

Figure 8-Sensor Subsystem 



 

3. Transmitting Data Subsystem  

 The Smart Power Factor Corrector may be in an area not easily accessible and therefore 

we will need a way to remotely view the data. The device will need to be able to send out 

calculated power factor and current readings. 

 The easiest way is to attach an Arduino WiFi shield to the device. The shield allows for 

easy access to the internet and also comes with its own software. We will use it to send power 

factor, current, and power usage. The Arduino Shield data shield can be found in the appendix. 

Important Specifications: 

● Arduino Shield [10] 

○ Connection via: 802.11b/g networks 

○ Encryption types: WEP and WPA2 Personal 

○ Connection with Arduino on SPI port 

○ On-board micro SD slot 

○ Mini-USB for updating WiFi shield firmware 

 

V. Design Plan 
 

A. Stage 1- Research 

B. Stage 2- Design 

For us to find the phase difference between the voltage and current, we must 

determine when the voltage and the current become positive. To do this we use Schmitt 

triggers like in figure 9. 

C. Stage 3- Prototype Construction 

To find when the voltage and current become positive, we will use a Schmitt trigger. 

 

 

 

 



 

D. Stage 4- Testing 

Figure 9 shows the experimental results we gained from building a Schmitt Trigger. 

 

 
Figure 9-Schmitt Trigger Experiment Data 

To simulate an inductive load, we applied a 10 V peak to peak voltage from the waveform 

generator to four 24 mH inductors in series. Figure 10 shows the theoretical multisim 

representation of the circuit. Figure 11 shows the uncorrected power factor on the left and the 

corrected power factor on the right. This was done by hand to show that our calculations are 

correct and will work for our design.  

 

 

Figure 10-Multisim Circuit Representation Figure 10-Multisim Circuit Representation 



 

 

 

E. Stage 5- Documentation 

 

F. Schedule 

 
Figure 12 shows our scheduled goals and production task on the left. On the right of 

Figure 12, our Gantt chart shows us a visual overlook of our schedule to get a better 

understanding of our time to work on the project. We have started programming and have 

made a Schmitt Trigger that will detect when the voltage is high. Along with programming, we 

have done testing by fixing the power factor on a set of low power factor. Our next step is to 

incorporate the microcontroller to turn the switch on and off. One important date to look 

forward to is the Open House on the 6th of December. 

Figure 11-Experimental Results 



 

 

Figure 12-Design Schedule + Gantt Chart 



 

 
 

G. Budget 

Table 1 shows the total cost it will take to make our device. It also has the cost of each 

component of the device.  Some necessary parts are the Arduino and Arduino Shield for the Wi-

Fi capabilities. The stepper motor, capacitors, and aluminum box are fixed in cost. 

Manufactures might able to find these same parts at a reduced cost and make our device more 

cost effective. 

 
Table 1-Budget 

Parts Cost 

Arduino Uno Rev3 $30 

Transformers $50 

Stepper Motors $20 

Arduino Shield $90 

Aluminum Box $10 

240V Motor Run Capacitor $60 

Miscellaneous $40 

 Total Cost: $300 

 
 
 
 
 

H. Personnel 

Refer to appendices A1 for resumes of each team member. 

● Specializing in the electronics aspects: 

 

Luke Nicol- Software Manager 

The main task is developing an algorithm that will make the device easily 

adaptable to different household appliances. Also, the software manager will be 



 

responsible for the development and implementation of the control aspect of the 

microcontroller. 

Darrel Dotterer- Project Manager 

The project manager will be overall in charge of the project but will mostly focus 

on keeping the project on track with the design schedule. He will also help with 

interfacing the microcontroller by picking out stepper motors and working with the 

wireless data transmission through the Arduino shield. 

 

● Specializing in the power aspect: 

 

Vinicius Pereira Pio- Chief Editor 

The chief editor will be providing support on all the electrical issues of the 

project. He will work on the final look of the device as a product to be sold to 

consumers, and he is responsible for the day by day work of the group. 

 

Manuel Salazar Paramo- Technical Expert 

The technical expert will be focusing on the main aspects of the device 

construction. He will work on the construction of the device, paying special attention to 

issues related with security when handling electrical devices and avoiding accidents. He 

will focus on the construction of the device depending on how much reactive power the 

device will have to generate.  
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VII. Appendices 
 

A.1 Formulas 

 
Formula 1.1 
 

       
 
Formula 1.2 
 
ᵠv is the angle of the voltage signal. ᵠi is the angle of the current signal 
 

  (   ((     ))     ((     )
 ))     

 
Where Qc is the reactive power the capacitor must provide; and (ϕv- ϕi)’ is angle we want for 
the power factor to be corrected. P is the power being delivered to the load. 

 
 
Formula 1.3 

  
  

       
 

 
C is defined as the capacitance, V is defined as the voltage, and f is defined as the 
frequency. Qc is the reactive power the capacitor provides. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 



 

 
 

B.1 Resumes 

 



 

 
 



 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
 



 

 
 



 

C.1 Datasheet  

 
 
 

 



 

D.1 Average Household construction costs

 
 
 


