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Abstract

This report detailthe completedesign procesfor engineering théAir Pollution MappingBand" The
"Air Pollution MappingBand' is aportable deviceaccompanied bgn android aggcation. The band is
designed to measure and s&atbonDioxide, Carbon Monoxide, and Propane concentnatio the
application. The agjgationthen plots these concentrationssomapto givea streetwisealepiction of air
pollution. Additionally, the application periodically sends these concentration aniblockata points to
a webserver to maintain a stklmd map across useWhile collecting data, thapplicationcanalsowarn
the user shoulthe pollutant concentratioexceed safe thresholds.
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1. Introduction

1.1 Problem Overview

As air pollution has increased globallyetheed for pollution tracking hasownin tandem. Today, most
cities take readings using satelliteglaensors scattered around the city to colle@ggregate reading of
city-wide air quality[ 1]. While this may give aeasombleestimate of the air pollution over a cityide
area, the air quality of individual localities and streets may differ vastly.

Air pollution can changdramaticallyovera day.A variety of factorsincluding traffic, population
density the operationfooffice buildings, and factoriesan influence the air quality. A more dynamic
calculation of air quality can help people decide which routes to take and which places tSawvmd.
cities like Barcelona and Chicago have tried implement®ir-based aipollution trackers embedded
into city-wide infrastructure to aithis effort. Google has evetemped to fit street view cars with
sensors to track pollution levdl®]. Nonethéess, these devices artremelyexpensive. Fomistane, the
sensor nodes used in Chicago cost around five thousand dollars pgBJnédiglitionally, the sensors are
often spread far apart, preventing accurate locabtytric/streetwise data colleatiof pollution.

1.2 Soution Overview

Our solution to this problenvasto create a cheap wearable band and an accompahydrgidapp that
would continuously monitor the air quality around the user. The broader idea is to have thousands of
users wear thiband to help contribetto a citywide map that everyone can access. Nevertheless, within
the time constraints of the course, we pldito create a proof of concept of the band and a simple
application thagawe alerts to the user about their generainitg. The appwvould keep a persnal record

of air pollutant levels of the places they visited on a map.

We aimedto measurearbon dioxiddCO;,) and carbon monoxidé€O) in parts per millionppm).
Additionally, since this bandiould be portable, it hdithe potential to be udeas a warning device in
indoor spaces. Hence, we also vadio sensalangerous flammable gasses like propdine bandould
then help find poorly ventilated areas amarn users of potential gas leaksniarehouses and storage
rooms. For our project, waecidedo build one bandHowever, weplannedo have multiple profiles on
our appand a centralizesgaverto test hownumerousiserscouldupdate the same map



1.3Visual Aid

Figure 1highlightshow our completed projétooks, including thehysical device and thedroid app

1.4High-Level Requirements
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Figure 1: Final desigof the project

While designing ouproject, we adhered to the followingquirements:

1. The system should@arn the user if propane detected (since it femmable). It should detect
carbon monoxide concentrations up to 206h@md warn the user if concentrations exceed 100
ppm. It should detect carbon dioxide concentrations up to 15000 ppm and warn ihe user
concentrations excedd000 ppm. We have pield these values based on USDétermined

values of dangerous exposii#[5].

2. The app will need to be able to take pollution data from the band and update the map with the
detected concentrations aperiod of 5 minutes since pollant levels do not change rapidly.

3. Our band needs to be wearable and must have are8imbdrsof battery life to be able to track

pollution data when a person makes their commute



1.5 Subsystem Overview
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Figure 2: Blak diagram of the project

Figure 2 shows the higlevel block diagram for our project. Our design can be broken down into two
broad categories: the board system and the software system. The board system ingboges; the
indicator andsensingsubsystemThe power subsystem is respitate for converting the 9V supply into
3.3V and 5V to be used by our microcontroller and sensor,aesyectively. The indicator subsystem
relaysif the band is powered andwhether or not a device is connectedt tdhe sensing subsystem is
respondile for collecting and transmittirgjr pollutant data to the connected device.

The board systemmetour first highlevel requirement by beg responsible for powering our sensors and
microcontroller to monitor and send hdant data to the appphe sofware systenmetour second high
level requirement and congstof the app subsystem. The app subsy'stemain goalvasto visualize the
pollutant data on a map and maintain a centralized map across different user psirfges REST server.
To fulfill our third highlevel requirement, wkept thedesign minimal and enswté¢hat ourfinal printed
circuit board (PCBwasas small as possible so that the baadcompact ad wearable.



2. Design

2.1 Power Subsystem
The Powersubsystentonsistof our battey, two Low-DropOut (LDO) regulatorsand aswitch tocut
out the poweto all othersubsystems when thand is notn use

2.1.1 Battery and Switch

The battery weriginally planned to use was one madi¢hree 3V coircels. As our system needa 5V
rail and a 3.3V rail, we thought that a fully charged battery of @ulenot discharge below our
minimum voltage requirements for our LDO regulators. But ayeeput our systentogether we found
that the currentequired bythe systenwasbetween R0-300mA, which was not possible to supply using
3V coin cells. Thus, we instead shifted to using a Durace(INN'1604) [6] batterycapable of providing
the required currerior more than an hour, whiclvas one of our highkevel requirements. As weanied

to create a wearable device, aisowanted to provide an easy way to shut the device off \ittveas not
in use So, we added a switch to completely disconnect the battery from the ressydtdma tqrevent
wastage of energy.

2.1.2 LDORegulators

The LDO egulators we usefr this projectwere theLD29150DT50R &L T1129IST-3.3#TRPBF. Our
sensorsequire5V, while our microcontrollerequires3.3V. Thereforewe neeadto regulate the input
voltage ofV to two different levelsWe decidedo use these LDCeguatorsinsteadof buck converters
for a couple of reasons. The first one was that ageah issueorderingbuck converrsthat we could
solder reliably even with a reflow oven. The availdblprintswere too small and required too much
testing toersureno false connections were maddso, in case of a bad connectigherewasno wayto
correct such a mistaldue to the size The second reasavaspertaining toour highlevel requirement
for thesizeof thedevice With the passive components uegd aroundhe original buck converter, it
would not have been possible to pagk everything within the dimensions sgecified initially With
LDOs, we managkto reach the requirements easily.



2.1.3 Final Circuit Schematic
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Figure3: Circuit Schemati of Power Subsystem

2.2 Indicator Subsystem

We needed an easg-understand interfade indicate the state of the systerhishelpedwith conveying
to the user whether tltevicewaspowered on bnot, if the device booted properlgnd if auser with he
appwas connected to the devicEhesubsystem we came up withtelp with thisconsists of a RED
LED, that we call a Power LED and a RGBID, that we call &€onnection LED

2.2.1Power LED

This LED indicates thapower is being supplied to thveltageregulatord.e., it indicates that the device
is switchedon. This also helpsis see when theoltage from the battery drops low enough that3¥ie
regulator cannot supply 5V anymore, as the LliE@irectly connected to the output of the 5V regulator.

2.2.2 Connection LED

The color of this LED is controlled e microcontroller. When thESP32 bots up, iturns the
Connection LEDpurpleuntil a phone connects to the device. Once that happen&BD is turned blue
thus indicatinghe connection. ligase of a problem with boot, such as a failure to initialize Bluetooth or
damage to the sensotiis light would not turn on at all.

2.2.3 Final Circuit Schematic

NOTE:RED_RGB, CON, and RDY arens on the microcontroller that conttbke Connection LEDNo
such pins exist fothe Power LED a# is not controlled by the microcontroller, addectly gets power
from the 5V regulator.
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Figure4: Circuit Schematic ondicatorSubsystem

2.3 Sensor 8bsystem

The job of this subsystem is toeasureanyof the listed harmful gassés the surroundingand
periodically send this data to the app running on thésughone. It consists of the MB)sensor to detect
flammable gasses like propama MQ-9B €nsor to measutbe concentration d€arbon Monoxidean
SGR30 sensowhich measuretheconcentrabn of Carbon Dioxideand theESP32microcontrollerthat
collectsthe data andends it oveBluetooth to the app. The microcontroller also controls thien€ction
LED based on the current Bluetooth connectigiiytus.

2.3.1 Sensor array

This sensor array contaias MQ-2, MQ-9B, and an SGP30 sensbtQ-2 and MQ9B arevariable
resistance sensorghese have heating coiland asensing elemerthat change resistanceased orthe
concentration of certaigassesround the sensofhe job of the heating coil is to bring the sensors to
thdr respectiveoperating temperatusgwhich are higher than rootemperatureThe potential drop
across thesensing elem# changes as its resistance chanBesgectingthis chang in potentiadrop
allows us tdigure out thegas concentratior\s we neeedto detectthis potential dropwe used analog
pins on the ESP32vhich connectto theinternal12-bit Analog to Digital Converer (ADC) pins. To use
the SGP30, weconneaokd it to the micocontrollets SDA andSCK pinsanduseal thewire library on
Arduino tocommunicate over the 12C bus.

2.3.2 Microcontroller and Bluetoah

The microcontroller we chose four projectwasthe ESP32We selected the ESP32 because it had
Bluetoothconnectivity and ain-built timer. To save poweand extend bagty life, wetransferredhe
collectedsensoidatato the applicatiorevery two minutes We usedthe ESP32 irbuilt timer to keep
track of this period We programmetdthe time to create an iterrupt signal every two mines
Neverthelessywe programmed te ESB2 to break this periodidata trasferif anydetected
concentrations exceed safe thresholds. As ssarh@hconceatrationvaue is detectedhe ESP32
as/nchronously sendbiedatato warn the user



2.3.4 Final Circuit Schematic
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Figure5: Circuit Schematic oBensoiSubsystem

2.4 PCBLayout
NOTE: Zones are turned off to show trmuting of wiresand arrangement of componehtiter

MountingHole
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Figure6: Final PCBlayou
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2.5 App Sulsystem

To utilize theair contaminatiomlataobtained from the senssubsystem, we designed an Android
application that connects to the Bluetooth signal of ESBS8ihg the application, we can vedly show
thegas values to the users in a human readabieat. The application is also responsible for
communicating with the server in the form of GET and P@Sjuests. Finally, the applicatipnovides a
way for the users to visually see the contation data collected from the serger a Google Maps
ovellay to see the contaminatiatatain areasaround thenand use the map to avdigghly polluted
zones The figure below showall thewireless communicatiohandled by the app subsystem

M Folution Mapper

Microcontroller

Wireless communication

Bluetooth

Software System

H

[14 Bytes
chars]

Propane
Sensor

co coz
Sensor || Sensor

* (Android)

APP

POST/GET

(JSON)
Response
(JSON)

request

-

REST Server

Updating...
C02: 1300.0, CO: 1.58, Propane: 3.81

— BLE Communication
—— HittpURL Communication
— Analog Data Signal

””” " 12C Data Signal

Figure7: Block diagram for wireless communicatifmight) and firished applicatiorleft)

2.5.1 Bluetoothon Android

For handling the Bluetooth connection with the ESP32 marwoller, we used thaative Bluetooth
library provided byAndroid.We created a Bluebth clientthat runs on geparate threao maintain a
continuous Bluetooth connection without affecting any other functiorihlitiythe main threaldandes.
This involvedestablishing @luetoothsocketwith theBluetooth server broadcasted by ESBS8g the
functioncreateRfcommSocketToServicef®ed(UUID). Then we could connect to this socket and
establishinput and output streamé/e have designed the code in such a way that every time the app
connects to a Bluetooth sockittsends amutput messagof "connectetito the sockefThis way,we
could progranthemicrocontroller todetect this message and changectiler of the LED i the indicator
subsystemThen the code establishes an active input sttbatrcollects the broadcasted packétse
Bluetooth packets are sent in the form of a string witts¢hema showim figure 8, with thevalues

being separated by comm&schof the threegas concentratiomalues takes up 4 characters and two
commas to separate them, resuliimghe total payloadize being 14 byte§Ve parse the string and get
the valus converted into Double typa the application s&l We then immediately check for any value
exceedingur sethreshoMd. If any of them do, welert theuser usg a notification banneand alscsend

it to the cental sever. Regardlesgheapp updatethe server everfive minutes.



[CO2 value] [CO value] [Propane value]
Figure8: raw Bluetooth packet format

2.5.2AWS Server

For creating the servere decided to use AWS as it offers an intuitive interface to make endpoints that
caninvoke userdefined functions. This proves to behalgul tool for creatng highly available servers

that can scale according to the number of incoming reqstased AWS | Gateway to make POST
and GET endpoints that invoke specific Lambda functiatéch arein turnconnected to a DynamoDB
database alscolsted on AWS to store and return the dBtgnamoDB is a NoSQL database whese
defined the primary key to be the GB&rdinaes (Latitude, Longitude)-or each of these keys, we store
the Carbondioxide, Carbon Monoxideand Propane gas concentratiotueafor those particular
coordinates.

For the POST requestie made a simple API endpoint wigollution-data whichmvokes a Lambda
function called'AddData" This Lambda function is connectedadynamoDB table calletpollution
datd. The lambda furiton just inserts the event that is passed on totliérbody of the POST request
While serding the userlocaionto the server, we decidedto round down thelatitudeandlongtude values
to thethird decimal place tgroupthe GPS coadinates in a 10@neter radius tgether An example of a
successful POST geest is shown in the figure below.

https://ssdoyd2p7c.execute-api.us-east-1.amazonaws.com/alpha/pollution-data o) Save v

POST v https://ssdoyd2p7c.execute-api.us-east-1.amazonaws.com/alpha/pollution-data

Params Authorization Headers (8) Body @ Pre-request Script Tests Settings Cookies
none form-data x-www-form-urlencoded raw binary GraphQL JSON Beautify
1
2 "gps" 1 "1234,1234",
3 2" -1 "400",
4 )" "1ee”,
5 "Propane": "1008"
6 3
7
Body Cookies Headers (7} Test Results @3 Status: 200 OK  Time: 1149 ms  Size: 354 B Save Response v
Pretty Raw Preview Visualize JSON ~ = m Q

i
"statusCode": 200,
"message": "Data was entered successfully"

b

BowoN e

Figure9: Example of a POST requdstdy and response from the AWS server

For the GET requestye usethe same API endpoint with /pollutiatata. But this timethe GET request
invokes a separate Lambda function cafleéturnDaté that scans the DynamoDB table and returns all
the items retrieved from the table as the body of the response &ijgettheschema is uniform, we can
loop through each iterf the aray and plot the GPS coordinates of the contamination zones on Google
Maps along with the gas concentration valuestah zone.



Pretty BSON v ma

FigurelQ: Example of a GET request response from the AWSeserv

2.5.3Google Maps

For displaying theGoogle Maps overay on our application atto plot all the comamination zones we
used theouilt-in Maps library provided by theGoogle Mobile 8rvices (GMShative to AndroidTo plot
the contaminatio@ones, wedoop through all the ertries returned by the GEEquest tdhe serverand
plot markers on lhe mapusing the GPS oordinaeswith the title "Contamingéion Zone". We could aso
add a circle of 100-meter radius on the map forakacontamination zonesingthe bult-in function
"addCircle". Moreover, we decidedto showthegas concentration valus for eachGPS coordinate
returned in the infevindow of ead marker. This way, the users can tap on thaker of the
contaminatiorzones to reeal the gas concentratiotalues reordedfor tha zone

We aso decided to plot and updde a blue colored narkerto indicate the currebcationof the ugr. This
is importart asusers canvisualy seeif they are locéed inany contamination zoneWe al® use this to
natify theuserif they enter a contamination zewith higher than threshold corcentation values

Figurell: View of theGoogle Maps overlay witbontamination zone marker and user lamatnaker
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3. Design Verification
This section details how we have met ardfied each oburrequirements. Fax compiled list of
subsystemspecific requirements, please refeAjgpendixA.

3.1 Power Subsystem

3.1.1Voltage Regulation

We verfied theregulatedvoltage leved by running thie boardusng constan®V from abend power
supply. We wanted toonfirm thatour regulators & choicecould providestablevoltages witin
acceptable range®/e measurethe voltag continuously for almost an twg as shown in fjure 12
Overall, wedid not see ay dropsin voltage within he ime spa.

Figure12 Voltage measuremeatross LDO

3.1.2 Battery Life

Battery life was verifiedy simgy running he sysemuntil the battery ran outWe foundthatthe battery
lastedaround 1 hou ard 20 minutes which alignswith the graph givenm the battey's datashed for our
200 - 300mA currentdraw (figure 13). Thevoltage acrossthe batery was observedin 10-minute
intervals as shown in tablel. This battery lifeis within the range specifieish our high-level
requirements.

Time (minute} Voltage
10 8.9
20 8.6
30 7.8
40 6.7
50 6.1
60 58
70 5.2
80 47
90 4.3

Table 1:Timevs Voltageacrosghe battery
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Coppertop 9V Constant Current
10.0
9.5 50 mA
9.0 ——100 mA
8.5
[} 250 mA
o 8.0
©
= 75
o
> 70
6.5
6.0
5.5
5.0
0 1 2 3 4 5 6 7 8 9
Service Hours

Figurel13: 9V Duracell battery lifefor different current drawis]

3.1.3Switch Check
Continuty across the switctvasverified using a multimeter and the power LEIZ0 helps idicatethe
working of the switch athis LED turns on as soon as the &l gets power.

3.2 Indicator Subsystem

3.2.1Power check
Power LEDwas checked by verifying theltage across thegulatorusinga multimeter and seeing the
LED light up at the samtime.

3.2.2 Indicator chek

Indicabr LED was checked by printing tltennectiorstateof Bluetoothover the seral terminal and by
visually cheding the color of he LED at thesametime. We stress test the status by repeatedly
disconnectig and recomecting oumphone to the board

3.3 Sensor Subsystem

3.3.1 Analog sensordata retrieval

Both the MQ2 andMQ-9B sensorareanalog senseithatmeasure concgrations ofgases based on
changing resistancélpon being exposed to a gélseredstance of thir internal sensing matermthange
based on a gradieas shownn the graphsn Appendix B Therefore, to veify thefunctiondity of theg
sensors, wesentially had to measure thpotential drop and resigance acrosghem.

Before ushgthe s@sors, we needd to calibrate them by ruming 5V acrosghem for around 24 hours
This calibration proceds meantto burnoff any impurities stick to the heating coil After calibratingthe
sensors, we used a bréadrdto connect the sensors to our ESP 32tment boat and measued the
resistancend potential ifference across time using a nultimeter. We noticed that the measurements
were verynoisy. Neverthelesdyoth pdential difference and res@ce wouldrastically change if we
blew on thenor took them outsideThis meantthat the sesorswereat leasrespons/e to changes in
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their environmentHowever it wasimpossible to use tlsemeasurements to cailate actal valuesdue
to theerraticnature of the data collected

We thenconvertedhe andog sensoratainto ppm usingan Arduino library called MQJnifiedSersor[7].
The library periodicallycompares the changeriesistance valuds the corregonding gadientsof the
resistance graph@hownin Appendix B). Further explanation of the error tolerance of these
measurements is provided in Appen@ix

3.3.2 Periodic Bluetooth data transfer

To verify the perioit datatransferwe useda Bluetoothdebugger app on our ph@rOnce the app is
connected t@ur boardvia Bluetooth,thetwo-minuteperiodic data transfer begins alsown in fgure X.
The transfer period isorrect to the nearestinute as shown in the timestg® To simubte values
exceeding our thresholdve usedArduino's Serial Inputto enteralarge measuremers soon as these
valueswereread by the ESP32, anyashronousnessage was sent to the app

20:58:19.026 Connecting to AIR_MAP_BAND ...
20:58:20.479 Connected

20:58:30.646 Confirm

20:59:24.936 [5( 4

> LOW);
, HIGH);

05:25.291 [5000.20

71:n7:9% N&a (&
21:07:52.308 [1(
21:U09:24.801 |5

M1

Figurel14: Bluetooth Connectivity Tés

3.3.3 Threshold tests

To further testhe sensothresholdsyve field tested the devicrownd campusWe lowered the€Carbon
Dioxide and Carbon Monoxidethreshold for the sake d these tests We observed thathen vehicles
passedthe concatration of Carbon Dioxide would sike and immeliately a notification would appear on
the phone.Theroute we tookaround campysaswell as the nofication isshown in figure 4. Realigtic
tests of the thresholdimits detailed in our high-level requirements were nat possble as they woulde too
dangeous to perform ard would require specializedabequipmert.

Lastly, we used a lighter to v&y the Propare sensor We perfamed these tests @itleto ensure god
ventilation. Uponswitchingon thelighter, we would immediately see spiesin propaneconcentrations
Since the mesuranens of the MQ-2 Ensorwere very noiy and would often spikeandomy/, through
trial and error we figred out a threshold that wial only becrossed on the detection pfopane. This
threshold was 500ppm.
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3.4 Sdtware Subsystem

3.4.1 Testing AWS Server Pipeline

The archiecture ofour serve hosted on AWS cusists of a APl Gateway, Lambda functions and finally
a DynamoDB tableThe APl Gakway expose8PI endoints for the GET and POS€quests whib

when calledbn launchthe specific Lambda functions. Thdsembda functions anesponsibldor either
entering the datar retrieving the data from thBynam®B table.We tesed this pipeline from ahto end
by making atest POST request toghAPI engbointusing Pstman as showonthe left of the igure

below. We verified that we getséatusof 200 in the response of th©BT request anthat the enyr was
succeshllly made in the rnanoDB tableas shown on the right in the figure below.

Figurel5: Testing thdPOST equest pigline (Postman on the left and DyamoDB table on theght)

Similarly, to test the GET requegipeling we made a test GET request to Al endpointusing
Postman and verified that thenire DynamoDB table was returnédthe resposeobject of the regest.

mQ

Figurel6: Response of a GEfEquesmade using Postmareturning all theentries ofthe teble
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