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1 Introduction

1.1 Objective

Maintaining acceptable noise levels in crowded areas such as apartments has always been an
issue. Some people like to live in quiet environments and are easily disturbed by their
neighbors. Some scenarios could include when a neighbor is having a party or playing an
instrument. This can be very distracting for their neighbors especially in apartments with thin
walls. Most apartments don’t control the noise well. So we need a product for landlords to
maintain a quiet environment so that tenants will have a good living experience. We need
something to tell and warn the people indoor when they are being too noisy especially during
certain times of the day such as late night. If they keep being noisy after several warnings, the
device will be able to quickly resolve the issue by automatically notifying the device
administrator or landlord.

Our goal is to create a portable and easy to use device that can go in rooms in the apartment
and can warn people indoors when they are going above the acceptable noise levels. The
device will also notify the device administrator through WiFi if they ignore the warnings. We want
this device to very customizable and adjustable by offering the landlord many options in how
they control their quiet environment. Some parameters we plan to let the landlord adjust are the
acceptable decibel levels, the time of days where certain thresholds are set, the length of time
that a certain decibel level can be maintained before a warning is sent out, and the amount of
warnings to the person creating the noise until the device administrator is notified.

1.2 Background

There is definitely a noise problem in residential apartments. Numerous articles and research
have been done on how residential noise levels can affect a person’s health and productivity. A
study from the Grantham Research Institute highlights the issues of noise, it “analyze the health
effects of residential noise annoyance using a high quality longitudinal survey of over 5000
adults in the Netherlands between 2007 and 2013.” and finds that “health effects of residential
noise annoyance, with neighbour noise relatively more damaging than street noise” [1]. Another
article from Berkeley points out the specific health effects that residential noise can have such
as “stress which, in turn, can increase your heart rate, cause your blood pressure to rise, slow
down digestion” [2]. Clearly this issue is very widespread especially in urban areas and needs to
be addressed.

Currently some products exist on the market such as NoiseAware which can sense noise and
send property owners alerts if the noise level exceeds a threshold [3]. However our product has
a number of advantages over this. First we are capable of battery power, which makes the
product more portable and easier to move around. Also our product will be cheaper because it
will have a one time hardware cost, while the NoiseAware has both a hardware cost and a
subscription cost. Another advantage our product has over NoiseAware is that it can give
warnings to the people indoor at first which gives them a chance to fix the noise problem,
whereas the competing product only just sends to the device administrator without a warning.



Also to highlight why our product is better than a decibel meter, our product can give
notifications and warnings through a wifi connection, adjustable thresholds, and 24 hour
monitoring, all features that decibel meter does not have. Thus, it is necessary for us to build
this indoor noise monitor to solve residential noise problem effectively.

1.3 High-Level Requirements

e User can set noise level thresholds on the device through WiFi, it will output light and
sound alarm when threshold is exceeded and will send notifications to the user after
multiple warnings are ignored.

e The device should be able to accurately measure sound levels from 60 dB SPL to 85 dB
SPL with an accuracy of +3 dB SPL.

e The device should be able to operate on battery power for 24 hours on a full charge.

2 Design

The device should have 5 different subsystems to make it work which is a power supply, a noise
sensor, control unit, alert system, and wifi module. The power supply will make sure the device
can be powered with lithium ion batteries, a power adapter to charge the batteries, and a
voltage regulator to give the correct 3.3V £0.05V to the rest of the subsystems. The control unit
accepts the noise levels and adjustable parameters from the wifi module and controls the alert
system. The alert system receives the signal from the control unit to know when to alert. The wifi
module will connect to user’s phone via wifi and give the parameters set by the user to the
control unit, and receive when to send the phone notification from the control unit.
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Figure 1: Block Diagram



2.1 Power Supply
The power supply will keep the device powered continuously which is 3.3V +0.05V with the

voltage regulator. Initially the charger will output 5V +0.05V to both battery and voltage
regulator. Then the voltage regulator convert it to 3.3V +£0.05V. While plugged, the device will
be powered by the charger, and while it is unplugged it is powered by the battery.

2.1.1 Lithium ion charger
This will plug into the wall and charge the battery and power the entire device will still plugged
in. This will output 5V +0.05V to the battery and voltage regulator.

Requirement Verification
1. Maximum output voltage/current: 1.
5V +£0.05 V/1A. A.Connect the adaptor output to a

circuit load which will let the adaptor
to output the maximum current of 1A,
the resistance of the testing load will
be close to the total circuit load
resistance of the device.

B.Use a voltmeter connected in
parallel with the load to measure the
voltage across the load, then calculate
the total power applied to the load.

C. Use a ammeter connected in series
with the load to measure the current

2.1.2 Lithium ion battery
The battery does not supply power to the rest of the circuit when the power adapter is plugged
in. And it should be able to output 3.7V +0.05V to voltage regulator when the power adapter is

unplugged.

Power consumption estimation:

ESP8266 in WiFi module consumes 215 mA in 802.11b, CCK 1Mbps mode.
ATMEGA328 consumes 0.2 mA in active mode.

The microphone ICS-40180 consumes 210 pA.

Maximum current consumption of amplifier doesn’t exceed 1mA.

Total current estimated is 0.22A.



Calculation process of required capacity:

3.7V x 0.224 = 0.814W
0.814W x 24h =19.54Wh

Requirement

Verification

1. Battery should provide the device
circuit with voltage of about 3.7V +
0.05V and 0.22 +0.02A for about 24

hours.

1. A.Connect the battery to a circuit load
having similar circuit resistance with

the device circuit.

B.Use an voltmeter in parallel with the
load to measure the voltage across
the load.

C.Record the time until the voltage
drops below 3.6V.

2.1.3 Voltage Regulator

Itis able to accept 3.7V +0.05V and 5V +£0.05V input and will give 3.3V +£0.05V to the rest of

components in the device.

Requirement

Verification

1. Stabilize the DC voltage at 3.3V +
0.05V which will be supplied to the

rest of the components in the device.

1. A. Connect the 5V output of a signal
generator to the voltage regulator, and
connect the output of voltage

regulator to a certain circuit load.

B.Use a voltmeter in parallel to
measure continuously the voltage
across the circuit load to see whether
it's 3.3V(an oscilloscope is also
applicable to measure the output
voltage level across the load over a
period of time).
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Figure 2: Power Supply Circuit

2.2 Wifi module

The module can access a WiFi network to get the threshold parameters set by the device
administrator, and can send notifications to the device administrator.

221 WifiIC
The wifi IC(ESP8266) will use UART to connect with the microcontroller. It has an SPI flash of
1MB. It will accept threshold parameters from the user’s phone and output that data to the

microcontroller. It will also accept the phone notification signal from the microcontroller so that it
knows when to notify the phone.

Requirement Verification
1. The wifi IC must be able to output and 1. A. Program the ESP8266 to connect
receive data from the wireless to wifi network.
network B. Send a HTTP get request to the

AWS server. Check whether we
receive the request from the ESP8266
in the server




2. The wifi IC’'s UART_RXD and 2. A. Connect ESP8266 to ARDUINO
UART_TXD functions properly. UNO board with its URXD and

UTXD port.

B. Send AT commands using UART

from the ARDUINO UNO board to the

wifi IC ESP8266 and see if the

ESP8266 sends a response back [4]

2.3 Noise Sensor

This module contains microphone array together with amplifier. The amplifier will amplify the
output of microphone and feed it into the microcontroller which contains an ADC. The digital
signals will be processed by the control unit to calculate the noise levels.

2.3.1 Microphones

The microphone array will contain two MEMS microphones(ICS-40180) in opposite sides
parallel to the floor. It has -38 dBV sensitivity (1 kHz, 94 dB SPL) and +1 dB sensitivity
tolerance.

Requirements Verification
1. The microphone should have -38 dBV 1. A. Use signal generator to output 1
sensitivity (1 kHz and 94 dB SPL) and kHz sine wave in 94 dB SPL level
+1 dB sensitivity tolerance B. Use oscilloscope to measure the
amplitude of the analog output of
microphone and calculate difference.

2.3.2 Amplifier

Since the maximum output voltage of the microphone is 0.075V given a 110 DB SPL input, and
the output DC Offset is 0.7V. Also, the ADC in the microcontroller accepts 0 - 3.3V input. So we
set the gain as 4. (3.3 / (0.7+0.075) = 4.25) to amplify the output of microphone. Since the
output of microphone is dependent on the loudness, we might adjust the gain when testing the
microphone. The output of the amplifier will go the ADC of microcontroller.



Requirements

Verification

1. The amplifier should produce a gain of
4 +0.25 to produce the desired
strength output

1.

. Give the amplifier a 2V input

from a signal generator

. Use voltage meter to test if the

output voltage actually
increases by the desired
amount
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Figure 4: Amplifier

2.4 Alert System

Alert system contain a speaker and LED lights. The microcontroller will output analog wave to
drive the speaker and LEDs when the sound thresholds are exceeded. The purpose is to make
people indoor aware that they are being too loud.

2.4.1 Speaker

The speaker will create some kind of sound alarm and is driven by the microcontroller.




Requirement Verification
1. The speaker should be able to output 1.
a sound of 80 + 5dB SPL A. Deliver 3.3 V to the speaker

from signal generator.

B. Measure the dB SPL with a
sound meter to verify that it is
80 dB SPL.

2.4.2 LED lights
The LED lights, driven by the microcontroller, will light up to a let people indoor know that they
are creating too much noise.

Requirements Verification

1. The LEDs should light up given 3.3V 1.

A. Connect the LEDs with the
output of a signal generator..

B. Hard code 3.3V analog output
from signal generator to see if
the LEDs light up

2.5 Control Unit
The control unit will handle all the calculations of when to set certain thresholds of sound levels,
the time of the day, when to give warnings, and when to notify the device administrator.

2.5.1 Microcontroller

The microcontroller we will be using is the ATmega328. It calculates the dB SPL with the linear
regression formula we give it, and then check if noise threshold is exceeded. It also drives the
LEDs and speaker with analog wave. In addition, it will use UART to connect and communicate
with the wifi module ESP8266 to accept threshold parameters and send notifications.



Requirements Verification
1. The microcontroller should be able to 1. A. Connect ARDUINO UNO board to
communicate with other device using ATMEGA328 with UART.
UART B. Send commands using UART from

the microcontrollerf(ATMEGA328) to
the ARDUINO UNO board and see if
the the microcontroller sends a
response back [4]

2. The microcontroller should be able to 2. A.Hard code to send analog output
output analog output through its PWM through the PWM port
port B.Use oscilloscope to measure the

output signal to check if it match the
set parameters

Tolerance Analysis:

The sensitivity of our microphone is -38 dBV.

The output voltage of microphone is calculate by Gmicro = 10*(sensitivity/20) (V/Pa)

Thus, our microphone has 104(-38/20) = 0.0126 V/Pa

For example, in 94 dB SPL corresponds to 1 Pa, and the voltage will be 1 * 0.0126 + 0.7(offset)
=0.713V

We want to measure the noise from 60 to 85 dB SPL with accuracy of +3 dB SPL.

The range of voltage before going into the amplifier will be:

0.02 Pa *0.0126 + 0.7 ------ 0.36 Pa * 0.0126 + 0.7

= 0.7003V to 0.703V

We want to make sure that the sensitivity of the microphone stays correct so that quite talking
will leads to large voltage output, causing the device to send alarms mistakenly.

If the hardware error of microphone changes sensitivity from -38 dBV to -15 dBV. The output
voltage at 60 dB SPL becomes:
0.02 pa * 107(-15/20) + 0.7 = 0.703V, which is equal to the voltage in a noisy environment.

Thus, a strict requirement of the microphone sensitivity (+ 1dB) is necessary.

In addition the way we convert the voltage from the ADC to accurate decibel values is very
essential. The process is as follows, the sound goes to the microphone which outputs a voltage
to the amplifier, then the amplified signal goes to the ADC which then converts it into a digital
signal to be processed by the MCU.
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We will use a decibel meter to measure the actual dB SPL value (using a sound meter) against
the ADC values, then we will use linear regression to find the relationship between ADC value
and dB SPL (dB SPL =k * ADC value + b).

Since the final ADC value goes through many devices such as microphone, amplifier and ADC,
we need to take care of the errors caused by the hardwares. If there is a large error caused by

the hardware, the linear regression formula won't fit the data well. So we use R*> to determine

how well the the model fits the data. We pick 0.7 as a good R? value, meaning that our R’
should be greater than 0.7 and smaller than 1 to accurately measure the dB SPL.

3 Costs

For our labor costs, we are estimating that each of the 3 people will earn $30 per hour, for 7
hours a week. Our total labor costs will be:

3 x $30/hr x Thrs/wk x 16weeks = $10080

Part Cost
WIFI IC ESP8266 $6.95
Microcontroller ATMEGA328 $1.96
Microphone 1CS-40180 $1.52
Speaker CMR-12062S-67 $2.70
LEDs *3 LXK8-PW27-0012 $0.81
Battery $11.50
Li-lon Charger $9.99
Voltage regulator $8.25
Resistors, Capacitors, wires, etc $10.00
PCB $15
Total $68.68
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4 Schedule

Date William Ziyao Quan

2/25 Design WIFI and Design noise sensor Design power supply
MCU module in eagle | and Alert system module in eagle
including the module in eagle including the
schematics and PCB | including the schematics and PCB
layout schematics and PCB | layout

layout

3/4 Test wifi signal and Test voltage to dB Test power supply

speed SPL accuracy from requirements of the
the linear regression PCB

3/11 Revise WIFI module | Revise noise module | Revise power
schematic and PCB schematic and PCB module schematic
layout layout and PCB layout

3/18 Order revised PCB Order revised PCB Order revised PCB
and test and test and test

3/25 Assemble WIFI Assemble noise Assemble power
module sensor module supply module

4/1 Assemble and Assemble and Assemble and
combine all combine all combine all
subsystems together | subsystems together | subsystems together

4/8 Prepare for mock Prepare for mock Prepare for mock
demo demo demo

4/15 Mock Demo and Mock Demo and Mock Demo and
debug project debug project debug project

4/22 Begin final report Begin final report Begin final report

4/29 Prepare for final Prepare for final Prepare for final
presentation presentation presentation

5 Safety and Ethics

For safety, while assembling the device in the ECE lab, we will be using high voltage power
sources which can potentially lead to electric shock. Also when assembling the device we will
use soldering irons which can potentially lead to burns and lead to fires. We will also wear eye
protection because soldering can shoot sparks as said in Cambridge safety guidelines[5] and
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we want to protect our eyes. We have already taken the lab safety tests, but we will review the
lab safety rules further to make sure that we remember them correctly and make sure the
operations are safe.

Another safety issue is the overcharging of battery. Overcharging can cause the battery to
overheat and burn, thus violating the IEEE code of ethics #9 which states that we should avoid
hurting others and their property [6]. In order to solve this issue, we will design charging circuit
to protect the battery and ensures the safety of the device.

Unfortunately there are ways that the device can be abused that would go against certain code
of ethics such as IEEE or ACM. A landlord could violate IEEE code of ethics #9 and ACM code
1.2 which states that we should avoid hurting others and their property. Landlords can possibly
set threshold levels to extremely low and unfair values so that tenants cannot do any type of
activities that involve any types of noise which would violate code #9 and 1.2 because extremely
low thresholds could stress them out and prevent them from necessary activities which could
hurt their health. To avoid this issue we could do things like set a limit to how low of a threshold
users can set for this device. Another code that could potentially could be faced with our
products would be ACM code 1.6 which states that we should respect privacy [7]. Tenant might
think that these devices breach their privacy rights because they will always be listening, just
like people nowadays are paranoid of computer webcams spying on them or how social
networks are using their data. We can prevent this by making sure our device does not save
any audio being fed into the MCU, rather it will just measure the dB SPL levels and the amount
of time that it happens.
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