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Abstract— Aeolus Innovations is set to roll out a simple and 
effective product to help save customers money each month on 
their heating and cooling bill. Our product, the Sonivent, is an 
easy to install, easy to use vent that is able to fit in any home air 
duct. By closing off the vent to an unoccupied room, a customer is 
saving energy by not heating or cooling that room. It is also 
efficient by throttling the air flow if a room is heated or cooled to 
uncomfortable temperatures. 
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I.  SUMMARY 

Aeolus Innovations is set to roll out a simple and effective 

product to help save customers money each money on their 

heating bill. This product is easy to use, easy to install, and is 

able to fit in any home air duct. By closing off the heating to 

an unoccupied room, while simultaneously throttling the air 

flow if a room heats more unevenly than other rooms, the 

Sonivent can help a consumer save money within 2 years of 

our product investment. Other products in this market attempt 
to help save consumers money using the same theory behind 

our design, but only the Sonivent uses a sound occupancy test 

to automatically do the job that other heating registers do with 

manual operation. Sonivent truly uses the only set-and-forget 

package for a decent price that other products ignore.  

 

Aeolus Innovations infancy starts in a Senior Design 

Project Course for Electrical Engineers at the University of 

Nevada, Reno on a budget of $500, but within a few years of 

expansion on the west coast, our financial projections have our 

company earning over one million dollars profit in just a few 

short years before expanding across the rest of the western 
hemisphere with a new product line in the works. 

  

An aggressive advertisement campaign helps Aeolus 

Innovations grow rapidly to a market of homeowners, and 

contractors across the entire income spectrum with hopes of 

reaching at least 1% of all the 24 million homeowners on the 

west coast after a few short years.  

 

Led by a smart group of Electrical Engineers, James 

Johnson takes on the role as Chief Executive Officer of Aeolus 

Innovations, utilizing over 10 years of leadership experience 

in the military and college to help track the project 

management of the company. Stefan Briones takes the lead as 

the Chief Financial Officer with his 3 years of experience 

handling the Treasury for the student chapter of the Institute of 

Electrical and Electronic Engineers. Mike Fath heads the 

product research and develop portion of the company as the 

Chief Technical Officer. Decades of experience and dual 

degrees in Electrical and Mechanical Engineering help Aeolus 

Innovations stay ahead of the competition in flawless technical 

designs. Matt Bevington serves as the Chief Marketing Officer 
with an ability to network effectively with leading home 

improvement stores and contractors to help get Aeolus 

Innovations product out to the masses of homeowners looking 

to make their home more efficient and cost effective.  

A. Work Objectives & Statements 

Aeolus Innovations strives to develop products that will fit 
any consumer’s budget with a contemporary sleek design set 

to save the customer money, energy, and time. Any and all 

products produced by Aeolus Innovations are up to the code of 

the engineering students working on the product. The impact 

of the Sonivent is for a cleaner, greener home product.  

B. Consumer Value Proposition 

The average American home on the west coast spends 

almost $100 a month on heating during the winter months. A 

consumer’s HVAC system generally heats the entire home 

until the temperature around the single thermostat reaches the 

set temperature. This could possibly result in smaller rooms 

being heated to a warmer temperature than the other rooms. 

Spare bedrooms and hobby rooms are rarely used in the home, 

but are heated just like many other rooms in the house. 

Installing a zonal system in the house, upgrading home 

insulation or energy efficient windows can run at a cost of 

hundreds, if not thousands of dollars and have a slow rate of 
return.  

 

It is a promise to the customer of Aeolus Innovations that 

we will offer them a product which will help save them money 

on their heating costs with no hassle. The Sonivent works as a 

set-and-forget system without a remote or need to change 

batteries. The vent works automatically to help save money 

mailto:jamesjohnson417@gmail.com
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while cutting energy costs and lowering a home’s carbon 

footprint. The Sonivent is great for the customer’s home, their 

wallet, and the environment.  

 

 

II. INTRODUCTION  

Aeolus Innovations is building the next state-of-the-art 
heating register. The vent is designed to automatically open and 
close based on the sound in a room.  The microphone on the 
vent will be able to filter between the high frequencies in a 
room and the damped frequencies from outside of the room. 
After 24 hours of inactivity within the room, the SoniVent will 
close off air flow to the room, saving the consumer money 
from heating or cooling an unoccupied space. In addition to a 
sound filter, the SoniVent incorporates a temperature sensor, 
saving the consumer even more, for the rooms that get warmer 
or colder faster than other rooms.  

Sonivent matches and tops previous installations of 
something considered to be a “smart vent.” With the 
SoniVent’s set-and-forget system, the consumer will never 
need to shut the vent. If it gets too hot/cold or the room 
becomes inactive, the automated vent will take care of the 
problem. The consumer will not be tasked with the chore of 
having to deal with losing a remote control and having to turn 
off the vent when the SoniVent can have a cheaper, more 
effective vent. 

III. PREVIOUS PRODUCTS 

A. Thermostat Controlled System 

A major competitor, the Activent, is a thermostat controlled 
vent that manages temperature on a room-to-room basis. The 
concept is simple: measure for when the room is adequately 
heated/cooled, then shut the vent. The Activent sells for $50 to 
$60 depending on current sales. It was also featured on Good 
Morning America. 

B. Remote Controlled Vent 

The idea behind this vent is that if you have difficult to 
reach vents, you can use their vent and be able to shut it off 
remotely. The price for a Click Vent is between $40 and $50. 

C. Zonal System 

There are several different ways of going about setting up a 
zonal system in a home, including wireless solutions that 
control the whole house to ones that are broken down to 
several thermostats that control sections of in a home. While 
these systems work very well, they can be very expensive, 
costing hundreds of dollars and often troublesome to install, 
requiring professionals. As an example, the HVAC 2-Zone 
Controller by RCA costs $170 (not including installation). 

IV. BUSINESS 

The average American home on the west coast spends 
almost $100 a month on heating during the winter months. A 
consumer’s HVAC system generally heats the entire home 
until the temperature around the single thermostat reaches the 
set temperature. This could possibly result in smaller rooms 
being heated to a warmer temperature than the other rooms. 

Spare bedrooms and hobby rooms are rarely used in the home, 
but are heated just like many other rooms in the house. 
Installing a zonal system in the house, upgrading home 
insulation or energy efficient windows can run at a cost of 
hundreds, if not thousands of dollars and have a slow rate of 
return. 

 
It is a promise to the customer of Aeolus Innovations that 

we will offer them a product which will help save them money 
on their heating costs with no hassle. The Sonivent works as a 
set-and-forget system without a remote or need to change 
batteries. The vent works automatically to help save money 
while cutting energy costs and lowering a home’s carbon 
footprint. The Sonivent is great for the customer’s home, their 
wallet, and the environment. 

A. Company Background 

The initial funding is applied to the research and 
development of the company’s only product, the Sonivent. 
The Sonivent is a heating register meant to be installed in 
homes across America to help consumers save money. The 
Sonivent works by monitoring the sound in a room in the 
home, and then closes after a 24-hour period where no 
occupancy is detected within the room itself. With a closed 
vent in a room, heating into the room is minimized, thus 
saving the consumer money on their heating bill and 
conserving energy on an unoccupied space. The Sonivent’s 
addition feature is a temperature sensor that helps regulate the 
heating of a room, ensuring a more static heating flow 
throughout a home.  

 

Aeolus (‘e.olos) was chosen as the company name, with its 
name origin from the Greek deity of wind. The term 
‘Sonivent’ is latin for ‘sonus’ or sound vent, as describe above 
with its ability to detect sound in a room and control air flow.   

Aeolus Innovations offers a unique and effective product 
which beats out other competitors. The Sonivent’s simple, yet 
advanced technological design beats out the competitors 
because of its automatic response to changing room 
conditions. At an affordable price which equals any 
competitor on the market as well, the Sonivent is built to fit 
any homeowner’s budget and smart energy savings.  

V. DESIGN 

At the beginning of a design project, there are often 
elements that are predetermined.  These include environmental 
factors and hardware.  Physical hardware is a device that must 
be incorporated in order for the project to be completed within 
a specified time frame.  For example, the Sonivent is an 
automated register that senses occupancy in a seldom utilized 
space.  It is cost prohibitive and time consuming to develop a 
specific register for a start-up project like the Sonivent.  A 
standard vent cover is utilized, but the controls and sensors 
must be selected to fit the existing design. 

 
There are other design restraints associated with the 

Sonivent.  The design dictates specific features required to 
complete the project.  These items and a brief description of 
their restraint are shown in Table 1. 
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Item Requirements 

1. Register Modify existing design to minimize 
cost and time. 

2. Microphone Sensitivity (high signal to noise 
ratio), small, and inexpensive. 

3. Thermocouple Sensitivity, small, inexpensive, 
adjustable 

4. Proportional 
Actuator 

Adequate actuating force, power 
requirement within wall transformer 
capability, small size, readily 
available, low cost. 

5. Power Supply Wallwart AC/DC transformer for 
cost and availability. 

6. 
Microcontroller 

Small footprint, inexpensive, 
adequate memory and sample rate. 

Table 1: Unique Component List and Requirements 
 
 The primary criterion for the selection of a register is 

the force required to open the louvers.  Since the control of a 
standard vent is normally achieved by a human hand on a 
lever, there is not a strict requirement for ease of actuation.  
Residual friction is preferable to hold the louvers at the set 
position.  The Sonivent will have a servo that holds and 
adjusts the louver angle as required.  The installation of the 
proportional actuator and other component layout is shown in 
Fig. 1. 

 

 
Figure 1: Sonivent component layout. 

 
To minimize the power consumption during activation, a 

register with a lower friction was chosen from a sample.  
Design tolerances could be specified during mass production 
to control the resistance to motion.  For a proof of concept 
design, a representative vent cover was selected. 

 
The Sonivent senses occupancy by collection and analysis 

of audio data.  The core of the Sonivent concept is that it be 
convenient and unobtrusive.  Occupants should not be 
required to conscientiously trigger the vent to open.  The 
microphone must be very sensitive but have a low signal-to-
noise ratio to allow data analysis.  Several sample 
microphones were purchased that met the size and cost 
requirements so their audio performance could be evaluated.  
A typical microphone data sheet is in the appendix, A.1.  A 
microphone circuit was assembled according to the data sheet.  
An available op-amp with a gain of 450 was attached to the 
microphone output.  The op-amp and microphone were 
powered by the lab power supply.  The output from the op-
amp was read by an oscilloscope.  Tests were performed 

making low-level sounds; these showed a clean output signal 
on the oscilloscope with the high frequencies clearly visible on 
the low frequency wave.  This experiment showed that the 
microphone is a viable audio sensor for the Sonivent. 

 
The Sonivent is also fitted with a thermocouple, which 

simply adds another layer of automated response. With the 
added design of the thermocouple, the Sonivent can detect 
whether or not the room is becoming overheated, and can then 
shut the vent to ensure a more even temperature distribution 
throughout a home. The datasheet for the thermocouple is 
found in Appendix 2. This will be powered from the supply 
provided in the circuit and R1 will be set for 3.3kΩ. The 
output was tested with the use of a multimeter and it was 
found that the typical output from a room heated is around 
2.99V which would translate to 299 °K, or 26°C.  

 
For the proportional actuator, a standard radio control 

hobby servo was chosen for the prototype design.  Servos 
contain an electric motor, gear train, position sensor, and 
control circuitry.  All of these features can be purchased for 
less than twenty dollars.  It would be implausible to develop a 
low production actuator with all of those features for a similar 
price.  Several servos were reviewed and one was selected on 
three primary criteria: torque, size, and price.  Unfortunately, a 
standard radio control servo does not include a detailed spec 
sheet as most commercially available electronic devices; this 
would necessitate some laboratory experiments to demonstrate 
the servo viability along with its power consumption.  A test 
fixture was fabricated that allowed the servo to control the 
louvers in a similar manner as the final design.  A picture of 
the servo test fixture is shown in Fig. 2. 

 

 
Figure 2: Servo test fixture. 

 
The servo was attached to a 5V power supply and 

controlled by a radio control system.  The servo actuated the 
Sonivent louvers easily.  A low, 0.21Ω, fixed resistor was 
placed in series with the power lead for the servo.  A low level 
resistance was chosen to reduce the voltage drop and minimize 
the effect of the resistance on the test results.  The voltage 
drop across the 0.21Ω resistance was first measured with an 
oscilloscope.  Because there is a DC motor in the servo, the 
oscilloscope trace was extremely noisy and not conducive to 
power calculations.  Next, multimeter probes were attached to 
the resistor.  The register louvers were continuously cycled 
between open and closed.  The average voltage drop across the 
0.21Ω resistance was 0.058V.  Dividing the voltage by the 
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resistance results in an average current of 280mA.  At five 
volts, the power consumption is 1.4Watts.  A more extreme 
test was performed to provide an indication for a potential 
design limit.  The servo was actuated by rapidly cycling the 
louvers between opening and closing.  The largest voltage 
drop across the 0.21Ω resistance observed was 0.1V.  The 
larger voltage drop corresponds to a current of 480mA.  This 
experiment provided real current and power requirements for 
the system.  These values will be utilizeded for the power 
system design. 

 
The chosen power source for the Sonivent is a wallwart 

AC/DC transformer.  These are readily available in a wide 
variety of voltage and current ratings.  The wallwart is very 
economical to buy and will meet the power requirement 
dictated by the largest consumer, the servo.  Unfortunately, the 
wallwart does not generate a clean DC output.  The original 
microphone circuit was powered by a laboratory power 
supply.  As an experiment, the original microphone layout was 
converted to wallwart power by using a voltage divider to 
provide a DC offset for the microphone output.  The voltage 
divider also provided rail voltage for the op-amp.  The output 
from the circuit powered by the wallwart was not desirable.  It 
was a fixed skewed sine wave that did not respond to audio 
input.  Dr. Avery was consulted about the noise introduced by 
the wallwart supply.  Dr. Avery indicated that wallwart 
supplies were notoriously noisy and made some 
recommendations to improve the results.  A LM7805 voltage 
regulator and a rail-to-rail op-amp were acquired to improve 
the audio response.  The output from the microphone is much 
cleaner, but the op-amp is not amplifying the microphone 
output.  Further testing revealed a problem with the chosen op-
amp.  The input bias current was causing an undesired voltage 
drop across the 1MΩ resistor used as part of an RC high pass 
filter at the op-amp non-inverting input.  The original op-amp 
chosen has specific applications for instrument amplification.  
The high input bias current (1.15µA) made the LT1632CN8 
op-amp unsuitable for the Sonivent.  A more suitable op-amp 
was chosen for the microphone amplification.  The 
LT1635CN8 op-amp has an input bias current of 2.0nA.  The 
bias current in the second op-amp is several orders of 
magnitude lower than the original op-amp.  With the lower 
input bias current, the LT1635N8 provided an improved and 
acceptable amplified signal from the microphone. 

 
A microcontroller is integral to the Sonivent concept.  

Audio data requiring collection and analysis, the opening of 
the louvers based on temperature, and the actuating signal for 
the servo are tasks suited for a microcontroller.  The small size 
and low cost requirements narrowed the list of possible 
candidates for a microcontroller significantly.  A relatively 
inexpensive microcontroller called the Arduino Nano was 
researched for viability in the Sonivent design.  The Arduino 
microcontrollers have a library of existing program functions 
for such tasks as servo control; this will minimize 
development time for the short design schedule dictated for 
the Sonivent.  One area of concern was the amount of memory 
available on the Nano.  The data processing required to 
digitally filter the audio data could potentially overwhelm the 
available RAM on the Arduino.  Further review of the Nano 

specifications revealed a data collection rate of 10 kHz.  The 
Sonivent preliminary design has the microcontroller extracting 
the high frequency signal from the audio data.  The 10 kHz 
sampling rate of the Nano dictates a maximum detectable 
frequency of 10 kHz; this is not a very high audio frequency.  
The Nano was taken off the potential candidate list due to this 
limitation.  More capable microcontrollers were evaluated.  
These came at the expense of increased size, increased 
expense, and increased complexity.  None of these attributes 
are desirable.  The Sonivent design requires a filtering of the 
audio signal and a Fourier analysis, FFT, of the filtered data to 
provide a spectral distribution of the different frequency 
bands.  This filter/FFT functionality is commonly observed 
with the led output on receivers and equalizers.  The level of 
output for the different frequency bands is converted to a DC 
output to give visual feedback for an audio signal via pulsing 
led display.  A little investigation resulted in an IC that 
performs this exact function.  The spectrum analyzer chip 
eliminates the Nano's limitation on sampling rate.  The IC has 
already converted the audio signal to a multiplexed DC output 
before it reaches the Arduino.  By performing the filtering and 
FFT, the spectrum analyzer chip significantly reduces the 
workload on the microcontroller.  A copy of the filtering IC 
chip's data sheet is included in the appendix.  The filtering IC 
will require some laboratory tests, but incorporating it into the 
design signifies the Arduino Nano as the leading 
microcontroller candidate for the Sonivent. 

 
The next critical step in the design evolution was the 

interfacing and testing the spectrum analyzer with the 
microcontroller.  A simple algorithm was written and the 
amplified audio circuit was attached to the spectrum analyzer 
chip.  A screenshot of the oscilloscope with both the 
multiplexed DC output and the amplified audio signal is 
shown in Fig. 3. 

 

 
Figure 3: Traces of DC multiplexed spectrum analyzer 

output and audio sample. 
 
The upper trace of the screenshot shows the DC output for 

seven audio frequency bands.  The center of the frequency 
bands occur at 63 Hz, 160 Hz, 400 Hz, 1 kHz, 2.5 kHz, 6.25 
kHz, and 16 kHz.  These frequencies cover the audible range 
for most people.  The output data of the spectrum analyzer are 
streamed from the microcontroller and shown in Fig. 4.  The 
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10-bit values of the individual frequency bands are displayed 
by a USB interface between a PC and the Arduino.  It is the 
10-bit audio values that are run through an algorithm to 
determine the occupancy of the room utilizing the Sonivent. 

 

 
Figure 4: 10-bit audio data streamed from the microcontroller. 

 
It was necessary to test the system under different 

conditions to determine the response received by the equalizer 
chip and Nano. Therefore, the conditions that were tested 
within a room consisted of electrical equipment and tile 
flooring and a greater possibility for acoustic resonance. 
However, it was sufficient to test out the environment as a 
preliminary test. Table 2 shows the different test conditions 
that were applied. 
 

Table 2: Different Range Conditions and Frequency Ranges 
in Multiplexed DC Output 

 
Depending on the different test applications, there were 

varying numbers within the different frequency ranges. 
However, additional tests are needed to adjust for maximum 
variable and project reliability. 

 
Fig 5. shows the logic flow diagram of the automated 

HVAC register. The entire project follows a flow of 
approximately five steps.  

 

 
Figure 5: Automated HVAC Register Flow Diagram 
 
However, each step consists of different aspects. For 

example, the ambient noise is amplified through the 
amplification circuit, and the signal has been transformed into 
seven different bands (63 Hz, 160 Hz, 400 Hz, 1kHz, 2.5kHz, 
6.25khz, and 16kHz) that change the signal into multiplexed 
DC output. Then the Arduino Nano is used to determine 
whether the vent should be opened. Over a set amount of time, 
approximately 24 hours, the vent will automatically close in 
order to save the consumer money in their heating and cooling 
bill.  

 
In order to follow the Logic Diagram in Fig. 5 properly, a 

parts list was determined in order to perform all tasks. Table 3 
shows the parts list and the overall prototype cost. 

 

Parts List 
   

    

Parts Units 
Unit 

Price  Price 

Wall Wart 2 2.62 5.24 

LM7805CT 1 0.01 0.01 

Capacitor 7 0.01 0.07 

Resistors 10 0.01 0.1 

LM335 1 0.36 0.36 

LT1635CN8 1 2 2 

Microphone 1 1.75 1.75 

Diode 1 1 1 

MSGEQ7 1 6.72 6.72 

Arduino Nano 1 19.99 19.99 

Servo 1 3 3 

Vent 1 8 8 

 
Prototype Total Cost 48.24 

Table 3: Parts List 
 
The parts list cost is based off of prototyping expenditures.  

However, over the course of building 2000 units as well as 
systematic alliances with different manufacturing companies, 
the cost of a single unit would decrease to approximately 
$23.72. Therefore, the selling point for the product will be 

 
Frequency Range (Hz) 

Different  Noises 
(Ranges) 63 160 400 1000 2500 6250 16000 

Normal Talking (2 ft) 52 141 210 110 81 61 65 

Quiet 47 90 106 96 75 71 71 

Door Open 61 113 145 112 98 73 69 

Talking (10 ft) 60 93 136 147 108 67 67 

Talking Outside (20 
ft) 62 83 109 91 79 68 67 

Clap (5 ft) 85 200 600 1023 944 942 154 

Clap outside (20 ft) 54 89 105 152 135 67 67 
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$49.99 as the list price. Overall this is fairly reasonable 
considering the different prices of the products and their 
services similar to Sonivent.  

 
With the more preliminary testing done, a circuit schematic 

was designed with the selected components.  There is still an 
evolution of the design as the components translate from 
individual tests to a complete system.  A schematic is shown 
in Fig. 6. 

 

 
Figure 6: Sonivent schematic. 

 
Some of the electrical components used in the Sonivent 

such as the equalizer chip do not have a component in 
Multisim.  Therefore, there is not a complete working 
simulation for the entire project.  Subsections of the circuit can 
be evaluated for functionality. 

 
With some preliminary testing complete, some areas of 

concern were eliminated from the design process.  Efforts are 
to be focused on the quelling of noise from the wallwart power 
supply.  Additional testing on the equalizer chip will give 
specifics for coordination into the design.  If the IC equalizer 
doesn't perform as expected, the original concept of using the 
microcontroller as a filter is a fallback position.  Overall, the 
preliminary tests provided an optimistic potential for the 
Sonivent project to meet all of the design requirements. 

 
As the project is completed, the chassis is created in order 

to provide a more suitable case for the product as seen in 
Figures 7 through 10. With this design, with minor 
modifications, the product is able to be marketable. The lid is 
left off in order to show the inside components. 

 

 
Figure 7: Internal wiring of Sonivent 

 

 
Figure 8: Overhead Vent 

 

 
Figure 9: Side View of Vent 
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Figure 10: Internal Components 

 
Although the entire system is complete, there are additional 

modifications that can be made if allocated additional time. 
For example, because this product is considered to be a 
“green” product, decreased unit power consumption is 
possible. Improved algorithm efficiency is needed in order to 
provide less power consumption from the processor. Also, 
with limited milling procedures, the entire chassis can be 
minimized to better provide a product.   

VI. MANAGEMENT PROCESS 

In order to complete this project on time, it is necessary to 
divide the tasks assigned within the group. With a team of four 
members, each one will be assigned various tasks in building 
the key components of the vent. With the use of the Gantt 
Chart shown in Fig. 11, the time devoted to each task is clearly 
and concisely displayed in a timeline format. In the Gantt 
Chart, each task is assigned to a task manager; someone who 
is solely devoted to making sure the task is completely on time 
and meets all quality standards. There is also a Development 
Timeline, displayed in Fig. 12, which breaks down individual 
assignments on the project itself. It is up to each of the 
members to understand their component of the project and 
how it works with the other circuitry. By separating the key 
components of the project, this will allow each member to 
become a subject matter expert in their design and maximize 
the success of the final product.  

 
Figure 11: Gantt Chart 

 

 
Figure 12: Development Timeline 

A. Evaluation & Assessment Plan 

 
As a “start-up” company, it is the best of interest to 

determine progress and prototype quality and assurance. In 
order to properly meet deadlines as well as progress updates, it 
has been initiated on a team wide basis that each individual 
will report back to the company president on current progress 
as well as current difficulties. Because Aeolus Innovations is a 
start-up company consisting of four electrical engineering 
students, we have the ability to work on all aspects of the 
company. However, each member is delegated tasks in order 
to maximum efficiency. In order to properly ascertain 
sufficient team chemistry, the company policies initiated each 
member’s tasks, responsibilities, and expectations. 

 

B. Aeolus Innovations Company Charter 

 All members will work towards the best of their 
ability 

 An prototype will be designed and created that caters 
to public and personal need 

 Deadlines 
o Members MUST meet all required deadlines 

agreed upon by the company 
o Discretion must be taken into account for 

responsibilities 
o Members who do not comply with the agreed 

deadlines and responsibilities will have academic 
repercussions 

 Company goals will constantly be maintained 
o Maintain Aeolus Innovations endeavors in ways 

that benefits all member of the team 
o Build team chemistry 
o Create a product that caters to the public, 

financially and environmentally 

 Meetings 
o Each meeting must be attended unless reasonably 

excused 
o The president must be notified beforehand as to 

excused absences 

 Discussion and overviews 
o All members are to take part of discussion 
o All overviews will be made by each member on 

their designated section 
o All members must be under congruence regarding 

companywide decisions 

 Research, Development, and Decision Making 
o All ideas will be considered regardless of its 

relevance or importance 
o Each member is to come up with an idea, however 

simple or mundane 
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o All decisions will be made rationally with 
sufficient backing 

o All decisions will be made through a three fourths 
majority 

 
Each task will be associated with a deadline. As long as 

each deadline is met in a timely fashion, the progress, 
prototype design, and build will go smoothly. However, it is 
too optimistic to assume that all deadlines are met to the 
necessary specifications. Therefore, in order to prevent 
Murphy’s Law, which states that “if anything can go wrong, 
will go wrong,” all deadlines are put ahead of schedule. If 
there are any lacking details missing from the requirements set 
by the guidelines as well as company policies, each can be 
quickly assessed and revised in a timely fashion. 

 
Depending on the progress of the actual project, it will be 

decided through a three-fourths majority on all major 
decisions. All decisions will be run through each member of 
Aeolus Innovations, regardless of their position. In the case of 
a split vote, the executive decision will lie on the suggestions 
of the mentors.  

 
In following the Gantt Chart, all major deadlines will be met 

with the best abilities of all members of Aeolus Innovations. 
As all members are currently working diligently in finishing 
the final project in addition to all deadlines, both in academia 
and through company policies, it can be expected that the 
group will ascertain both exemplary “company” and academic 
standards.  

 
Currently, the business portions are complete. All proposals 

and plans are being worked on in order to satisfy company 
standards as well as academic and competition standards. The 
technical components of the project are in progress. Currently, 
Aeolus Innovations is in the middle of their circuit design. The 
majority of all components needed to create a prototype of the 
project have been ordered. Furthermore, the circuit is halfway 
complete. A preliminary set-up has been created. All 
components are currently being tested. However, the decisions 
for the project and the actual components in addition to the 
mentors’ suggestions were made through a majority three-
fourths decision through extensive research and discussion. As 
stated in the company policies, there will be board meetings 
regarding the situation of the current progress of the company.  

 
In order to properly evaluate future projections within 

Aeolus Innovations as well as maintaining company policies, 
it is will be on the decision of the members of the company if 
the product is desirable for academic and hypothetical 
purposes. For example, once the circuit is completed, the 
prototype is ready to be designed. In order to test the circuit, 
all designated requirements will need to be met. The finished 
circuit will be extensively tested through different 
environments. If all tests pass sufficiently, the next phase will 
be initiated. This process will continue with constant 
scrutinization and revision through all team members.  

C. Financial Overview 

As a start-up company, a startup plan was created on 
keeping an understanding of market trends in order to 

maximize profits as well as ensure investment returns to our 
equity investors. The designated financial values are according 
forecasted financial statements for the next 60 months. The 
values are calculated with discretion for a conservative, yet 
profitable forecast. The calculated finances are based off of 
manufacturing costs, sales profits, marketing, executive 
salaries, personnel, office and manufacturing space, and 
known research and development procedures and 
instrumentations. The financial goals of the company are: 

 Acceptance of the Sonivent into the public market. 

 Securing a financial position into the “green” and HVAC 
market. 

 Maintain customer care and product quality through 
financial and economic success and hardships. 

 Managing financial stability and maintaining financial 
shifts accordingly with the specific need and economic 
market. 

 Adjusting product capability according to market trends 
and technological advances. 

 Maintaining minimal and effective personnel according to 
product growth and stability. 

 Making strategic alliances in order to stay on up of the 
designated market 

 Achieving financial success in marketing and promoting 
our product through our ability to network and constant 
awareness of brand loyalty and HVAC sustainability 
knowledge and implementation. 
 

1)  Investments 
Most finances will be handled with extreme caution and 

care, especially to those with whom Aeolus Innovations has 
made contracts. The founders of Aeolus Innovations have the 
ability to come up with 22 percent of the total company start-
up costs. Additional funds will come from bank loans, angel 
investors, equity firm investors, and venture capitalists to 
garner the remaining 78 percent. As soon as a profit is made, 
the return of investments is of the upmost importance. Paying 
back all equity finances is the number one priority. All 
investors are prioritized and encouraged to continue investing 
in Aeolus Innovations, but are not tied to the company. 
Because of the prospect of creating an “eco-friendly” product, 
we would be able to promote our product to environmentally 
friendly inclined groups as well as having the possibility of 
creating contracting deals with construction contractors or for 
the average consumer who is interested in keeping a “eco-
friendly” home and minimize financial responsibilities from 
their monthly power bill.  As stability, both financially and 
structurally, within the company grows, additional stock 
holders have the possibility of investing with Aeolus 
Innovations.  

 

2)  Overhead Expenditures 
Because Aeolus Innovations is a small business, it is 

important to “break-even” in terms of  finances and time 
invested into the company. For a break-even analysis, the 
overhead expenditures need to be matched accordingly. Table 
4 shows an example of the overhead expenditures that need to 
be matched in order for the company to succeed. Although for 
some, success might be garnered through additional profits; it 
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is the financial goal of Aeolus Innovations as a small business 
to maintain market entrance and stability.  

 

  

Month 1 

Quantities Finances 

Overhead Costs     

Marketing   
 $   

30,000.00  

Salaries   
 $   

19,200.00  

Rent and Utilities   
 $      

1,500.00  

Equipment & R&D   
 $      

8,000.00  

Total Overhead Expenses   
 $ 

(58,700.00) 

Table 4: Overhead Expenditures. 
 
One of the highest overhead expenditures is marketing. In 

order for a company to survive, especially for Aeolus 
Innovations, the ability for brand recognition and customer 
service is important.  

 

3)  Startup Costs and Maintenance 
The overhead expenses are necessary expenses in order to 

break even. However, during the first month, there are going 
to be higher overhead costs in general compared to when the 
business is stable because o f the unfamiliarity with the market 
and the possibility of financial instability. The structure within 
the company is not fully solidified and therefore lacks proper 
understanding of startup costs. Therefore, Aeolus Innovations 
plans on making conservative plans in order to startup the 
business. The first two months will be based on finding and 
maintaining a location, research and development of the 
product, training personnel responsibilities, marketing and 
maintaining the finances. It will not be until the third month in 
which Aeolus Innovations plans to sell our product. It will be 
through extensive research and networking through which our 
company will be able to make profits and start the return of 
investment process. However, once initial efficacy of has been 
maintained, steady growth and development are assumed. 
There are currently no unforeseen changes in market trends for 
our product. However, we are constantly looking into current 
sales and expansion of the market. As strategic alliances 
formed, certain unforeseen circumstances may arise. We as a 
small business hope for the better and strive for excellence and 
sustainability. Further growth may be possible once initial 
financing and stability are secured.  

 

4)  Projected Profits and Losses 
As a small business, we hope to garner interest in our 

product on a wide scale, one that allows us to make great 
returns as well as maintaining customer service as our number 
one priority. Figure 13 shows the yearly profits according to 
designated market trends as well as the overall net profit of the 
company for the next 60 months. The data is based off of the 
balance sheet over the course of the 5 years, as seen in Table 
5. Although it is a steady trend, with the marketing and 

networking skills of Aeolus Innovations, we have the 
capability to make a constant increase in our revenue.  

 

 
Figure 13: Yearly Profit Projections 

 

 
Table 5: Balance Sheet over the 5 Year Period 

 
Within the first quarter of the first year, Aeolus Innovations 

has the capability to make most of the return of investments 
into the company. By halfway through the first year, half of all 
investments will have been paid off in full and additional 
profits are coming into the company. With certain trends 
during the sixty month period, there are some slight dips as far 
as units sold. Figure 14 shows the sales trend over this time 
period.  

 

 
Figure 14: Sales (Units Sold in 5 Years) 

 
There a significant dips around the months 5 to 8, 17 to 20, 

29 to 32, etc. This is due to the summer months. Because of 
our product and to whose with whom they cater, it is more 
likely that an average household will not buy the product as it 
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is seen more beneficial towards the winter months. Taking this 
into account, there is an increase of sales during the winter 
months in the western hemisphere. Furthermore, it is seen that 
there is significant sales during the fifth year. The reason for 
this is because of the overall company profits over the course 
of the first four years, it is forecasted that the business can 
expand its market to those with a colder climate.  

 

5)  Future Financial Decisions 
Expansions of the facilities are possible at the end of the 

fourth year. The flat line during the 47th to the 51st month of 
Figure 10 is during the time of relation and expansion. 
Furthermore, additional marketing is needed in order to garner 
more interest around the surrounding areas of the new 
location. Because of the transfer, there is an increase in the 
market. Also, research and development have taken place 
during the fourth year and continue onto the fifth year. 
Therefore, Aeolus Innovations keeps ahead of technological 
advancements and cater our products to more consumers, 
which in turn yield a higher profit margin.  
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FACILITIES, EQUIPMENT, AND RESOURCES 

The entire project was directed within the University of 
Nevada, Reno in the Scrugham Engineering and Mines 

Building in the Senior Capstone laboratory. All necessary 

equipment in order to test the circuitry within the Sonivent 

were used: oscilloscopes, power supply, function generator, 

computer equipment, and circuitry components. Furthermore, 

additional components were purchased on Aeolus Innovations’ 

behalf on the monetary budget allocated to the group from the 

Electrical and Biomedical Engineering Department.  

 

SUPPLEMENTARY DOCUMENTATION 
 

A: Component Data Sheets 
 

A.1 – Microphone 
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A.2 -  Rail-to-Rail Operational Amplifier 

 
 

 

 
 

 

 

A.3 – Spectrum Analyzer Chip 

 
 

 

 

 

 

 

 

 

 




