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ABSTRACT

Bad road conditions can cause vehicle damage and create hazardous driving conditions.
Current reporting methods for bad road conditions is a burden for the reporter, so nath so
these conditions mightot bereported. With current smartphone techiggidhis reporting
method can begreatly improved. Smartphones come witAn accelerometer and GPS
positioning orboard. Utilizing these sensors,noe the application is installemhd run a
smartphone user cajatherbad road conditionautomaticallywhile driving Then the user
canuploadthe datato the server These road conditiorere thenclassified andptionally
displayedon a map whilghe user iglriving. The potential for finding bad road conditioiss
greatlyincreasesvith crowd sourcing When the road condition data is analyzed an algorithm
is used to determine the size of the bad road condition and how many samples are needed.
Even though the smartphone might not have the sampling rate of a dedicated accelerometer
it 6s pot e nargeanbunts af dataging trdwe sourcingnd ease of use outweighs

this deficiency.
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CHAPTER 1 INTRODUCTION

Potholes and rough road conditions are a large problem that can cause vehicle damage
or hazardous driving conditions. The current reporting standamlfad road condition or
pothole is to report via phone call to local area department of transpomatmrine web
browseror emalil In these cases, additional information must also be provided, such as: pothole
location, county, highway number, nearest local cross street or interchange, direction (i.e.
northbound), lanes impacted (i.e. right lane, aelatee, left lane, shoulder), and per reporting
phone number (for aftérours calls only, ircase of question$)]. This standard of reporting
places a great amount of burden upon the repoAtso, there is not any information about
the road condion 6 s s i zseendn2]. shape

Thethesis topid will be addressing will usasmartphoed sapabilities to capturand
displayroad conditionsising onboardsPS and accelerometsgnsors withmobile data The
GPS and accelerometer data loggedthedsent to the cloudTheserver processes the data
from the cloudand communi cates with the userds sma
condition data based on the current location of the device nmibde data When the device
receives the dat a, ioftidnallyvia a mam using ncaekérseotitheido t h e
conditionsas seen ifrigurel. This data may also be used to report pothole and road conditions

to local public works departments.



Create road
' condition data.
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Figurel: Architecture

Throughout the paper | willnentionother works like this tdp regarding detecting
potholes with smartphone and accelerometers in the Background section. In the
Implementation section | wilnentionabout the application and the server in more details on
how they work together and their main functions. In the Experimentation section | will briefly
mentionabout any dependencies that we need to consider when capturing the accelerometer
data and other dependencies that weigaare. Also, in this sectiohwill display multiple
road conditions and the associated data with an image of the road condition. | will then classify

the road condition using a formula to decide the impact and size of the road condition.



CHAPTER 2 BACKGROUND

Using asmartphone to detect road conditions is a relatively new concept but is covered
by multiple paperas seen ifi3], [4], [5]. In [3] they use the Android smartphone as an online
petition system to gather data from users regarding the road conditions and then use an
algorithm to process the data and with image processing to determine the danjdpthey
can detect potholes in real time using the Android accelerometers. They use and evaluate data
with certain processing algorithms acahget a positive rate as high as 90 perdesedon
actual data from the actual usese dataln [5] they use an Android smartphones and machine
learning to evaluate the road conditions in#teak. They use the smartphone to do automatic
evaluations and provide the data through a web browser. With ys&nsthey caobtain a
90 percent performance using their designated road classifications

Crowd sourcing is also preseatpaper as seen 8] as stated abovhey use crowd
sourcing to gather their data from userBhey u® the crowd sourcing for data collection,
selection and assessment regarding the road conditions that are processed.

Road classification is mentioned|[i], [6]. In [5] they use four categories to classify
their road conditionandcount the amount of times the road condition ocdarf6] they use

machine learning to develop and impact detection strakedis in accordance to ISO 8608.



CHAPTER 3 IMPLEMENTATION

| have created an Android applicatiandapture GPS and accelerometer datéen
capturing data, | used multiple Android devices: Google Pixel 2 XL, Samsung Galaxy S8,
Samsung Galaxy Note 10.1, aktbtorola Moto G6 When amlyzing the datahat will be
shown in this papet usedthe Google Pixel 2 XL toeducevariables.

3.1 Application

The applicationds main functions are cap!
sending current location to server, ahsplaying road conditions to users while drivisiter
receiving the classified data from the serv@apturing the data includes getting the current
position of the smartphone, capturing accelerometer data for x, y, z axis, and getting the current
dateand time. This is done while the user is driving in their car. Currently, the GP§irsjog
every one second for the Google Pixel 2 XL and the accelerometer data is captured

approximate 50 samples per GPS data point.

3.1.1GPS Sensor

The GPS sensor w#se sensocurrently onthe smartphone. The accuracy of the GPS
location is generally about 16 feet for a smartphone accordiff].towhen capturing GPS
data and plotting on a map you will notice that sometime the GPS cat@rasnoff the road.
This shows t hat s oForexampled the usdr i8 drivirng @tB0 reph the e .
vehicle drives about 44 ft. per second, so having an accuracy of &dfeet is acceptable.

3.1.2Accelerometer Sensor
The accelerometerchose to use is TYPE_LINEAR_ACCELERATIJR]. This type

of accelerometer sensor removes the force of gravity. This was chosen to avoid the need



remove the force of gravity from gathered accelerometer data. The satiesthrat currently
being used is SENSOR_DELAY_FASTE$ as this captures data as fast as possible for the
current smartphone device. | originally was using SENSOR_STATUS_ACCURACY_HIGH
[9] but this was only generating 5 accelerometer samples per 1 second. | originally thought
that accuracy on the output of the sensor was the most important, but soon realized that more
data samples wdsetter

If we were to use a dedicated accelerometercauld obtain a much higher sampling
depending on the accelerometer. Some accelerometers can sample at a rate of approximately

400 to 500 samples per second. This sampling rate is approximately 10 times that of the

smartphone | usedThe units of measament for the accelerometer are-twhich is a unit

of measurement for acceleration.
3.1.3Save and Upload Data
When the data is captured it is saved to a CSV file on the smartphone. While the data
is being captured the date and time is also lofgelboth GPS and accelerometer ddtegure

2 is an example of the data output.
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A
ITue Mar 13 07:35:53 COT 2013 .ILat 35575 Lon -34.56 fpeed 12.01

1
& | Tue Mar 13 07:35:53 COT 2013 k3 -0.5T -0.51 = 0.0504
x| Tue Mar 13 07:35:53 COT 2013 k3 -0.233 -0.546 2 -0.075
d | Tue Mar 19 07:35:53 COT 2013 k3 -0.403 00583 = -0.235
5 | Tue Mar 19 07:35:53 COT 2013 k3 0335 07143 2 -0.352
& | Tue Mar 19 07:35:53 COT 2013 k3 0455 o 0BT3 2 -0.163
7 | Tue Mar 19 07:35:53 COT 2013 k3 -0.305 y 05374 = -0.334
# | Tue Mar 19 07:35:53 COT 2013 k3 -0.335 y 10537 =2 -0.233
4 | Tue Mar 19 07:35:53 COT 2013 k3 -0.333 y 09614 2 0.2052
40| Tue Mar 13 07:35:59 COT 2013 k3 0367y 04164 2 -0.13
M| Tue Mar 13 07:35:59 COT 2013 k3 -0.252 y QOEEE = 04T
42 | Tue Mar 13 07:35:59 COT 2013 k3 -0.224 y -0.446 2 0.0545
1z | Tue Bar 13 0T:35:53 COT 2013 k3 RALEN -0.322 =2 01072
14| Tue Bar 13 0T:35:53 COT 2013 k3 -0126 y -1154 2 -0.138
15 | Tue Bar 13 0T:35:53 COT 2013 k3 -0156 QAL 0.0013
16| Tue Mar 13 0T:35:53 COT 2013 k3 0015y -1072 =2 -0.133
17 | Tue Mar 13 0T:35:53 COT 2013 k3 -0121 y -0.545 2 -0.262
1% | Tue Mar 13 0T:35:53 COT 2013 k3 -0.03 y -0.644 2 -0.258
19 | Tue Bar 13 0T:35:53 COT 2013 k3 -0.03 y 0375 2 -0.428
20 | Tue Mar 13 0T:35:53 COT 2013 k3 -0123 y -0.221 2 -0.215
21| Tue Mar 13 0T:535:53 COT 2013 k3 -0176 -0.134 2 -0.242
2z | Tue Mar 13 0T:535:53 COT 2013 k3 -0.515 -0.037 2 -0.235
2% | Tue Mar 13 0T:535:53 COT 2013 k3 -0.303 v 00325 2 -0.232
2d | Tue Mar 13 0T:535:53 COT 2013 k3 052y -0.202 2 -0.235
25 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.413 gy -0.352 2 -0.233
26| Tue Mar 13 0T:535:53 COT 2013 k3 -0.233 y -0.223 2 -0.125
27 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.476 y -0.013 2 -0.031
2& | Tue Mar 13 0T:535:53 COT 2013 k3 -0.441 y -0.08 2 -0.162

29 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.354 y -0.235 ¢ -0.026

30| Tue Mar 13 0T:535:53 COT 2013 k3 -0.427 y -0.234 @ -0127

31| Tue Mar 13 0T:535:53 COT 2013 k3 0555 0575 2 o047

32 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.456 y 0527 2 0.ATES

33 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.456 y -0.517 2 0.2553

34| Tue Mar 13 0T:535:53 COT 2013 k3 -0.545 y -0.515 2 03017

35 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.251 y -0.522 @ -0.005

36| Tue Mar 13 0T:535:53 COT 2013 k3 -0.213 y -0.61 2 -0.0635

37 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.245 y -0.94 2 -0.056

3¢ | Tue Mar 13 053553 COT 2013 k3 042y -0.T53 2 0.0z

34 | Tue Mar 13 0T:535:53 COT 2013 k3 023y 033 2 -0.381

40| Tue Mar 13 0T:535:53 COT 2013 k3 -0.074 y -1033 2 -0.005

A1 | Tue Mar 13 0T:535:53 COT 2013 k3 -0.2T y -1105 2 -0.335

4g | Tue Mar 13 0T:535:53 COT 2013 k3 -0155 y -0.353 2 -0.244

4% | Tue Mar 13 0T:535:53 COT 2013 k3 -0.22%F y -0.357 2 0155

44 | Tue Mar 13 0T:535:53 COT 2013 k3 -02TT g RALIE] -0.FF

45 | Tue Mar 13 0T:32:00 COT 2013 k3 -0.251 y -1074 2 -n.23e

6 | Tue Mar 13 07:33:00 COT 2013 s -0.2TT y -0.374 = -0427

47 | Tue Mar 13 07:33:00 COT 2013 x 043y -1132 = -0.504

4z | Tue Mar 13 07:33:00 COT 2013 s -0126 y -1.237 2 -0.243

49 | Tue Mar 13 07:33:00 COT 2013 x -0.443 y -1133 = -0.041

50 | Tue Mar 13 07:33:00 COT 2013 s S04y -1135 = -0.308

51 | Tue Mar 13 07:33:00 COT 2013 x -0.2E g 1265 = -0.113

52 |Tue Mar 13 07:33:00 COT 2013 s 022y -1.316 = -0.021

52 |Tue Mar130T:332:01COT 2013 Lat 3E.8TE Lon -34.856 Fpeed 15.546

54 | Tue Mar 13 07:33:01 COT 2013 x -0.285 ¥ -0.333 = -0.234

55 | Tue Mar 13 07:33:01 COT 2013 s -0.254 y -0.514 = 0.2544

Figure2: Sample GPS and Accelerometer data
When the application is closed it creates another file. The filenames contain the date they are
captured along with a Universal Unique ID (UUID). Example filename showigire3.

2019-03-19_17cbdc3f-9db9-4d68-a7fd-Tf3737cbde3c_log.cov
2019-03-19_ff3cac33-bbea-4c30-9995-7f36ed92e320_log.csv

2019-03-20_bdab7c%a-fibe-430b-93c7-37573376b3b0_log.csv
2019-03-21_42d24ch6-0ef3-4d32-bdbb-d5f8a77bfdab_log.cov
2019-03-22_61beldal-aall1-473a-aala-0d7eld7f2cca_log.csv

Figure3: Example of filenames
After the files are stored on the smartphone the user can upload the data by pressing the upload
button on the screen. The file will only upload when the smartphone is within Minge. |
chose to include the \ARi check to avoidccidental upload over mobile data. This saves the

use from inadvertently using their mobile data for helping the research. User manual upload



was implemented because | want the user to know they are uploading freely, and there was no
readily availablenethod to pause uploading if the signal is lost. The file is then uploaded to a
Google Cloud Storage bucket. After the file is successfully uploaded it is deleted off the
smartphone.
3.1.4Send Current Location to Server

The third function of the appltion is to send its current GPS location to the server
when the application detects a change in location. This GPS location is usedévérm
determine what road condition data should be sent to the smartphone. This will be further
discussed inhe servesection

3.1.5Display Road Condition Data on Map

The final function of the application is to display the data sent fraserver to be
displayed on the map. In thegter sections will discuss the server in more detail but for now
| will explain what the application does after it receives the data. When the application receives
the data, it contains information regarding the GPS location of the road condition and the
marker forthe road condition. Idater sectiond explain the classification for the road
conditionsfurther. These are the rankiagiven for road conditions as displayed on the map.
The road condition information is received in the form either orange, or redoat@ins a

value. The orange represents poor and red bad road conditions. | chose not to use any marker

for good road conditions because if itéds no
assumed itds good. Thi semarkesroad eonddiecns.user abi | i
3.2Server

Theseved s mai n f udownloaddhe saptared éatatfrom the cloud storage,

creating zones with the data, receiving current location from the smartphone, and sending the



classifiedzone data to the smartpt®to be displayed. These functions allow the smartphone
to focus on getting the data and displaying the data.
3.2.1Download Data from Cloud

The server downloads the captured data from the cloud storage using the Google Cloud
API. This API allows theexver to get the files and then store them locally so they can be
processed.

3.2.2Create Zones

After the files are downloaded locally on the server they are analyzed and then sorted
into zones. These zones are used to consolidate data that is repgebensame part of the
road Since the overall idea is to use crowd sourcing to capture data for the roads, | want to
combine this dataWhen creating zoneghetwo things we neetb determineare the size of
the zone and how much data each zone shmlltl The idea is to keep the most recent data
available and not use older data, so the road data is representing the current road condition.

The size of the zone we should is width a lane on the road. Then to determine what
other data points should péace within the zone we can use the radius of the lane. Using the
radius, we will calculate if the data point is less than the radius of the zone center. If the data
point is less than it will be added to the zone otherwise it will create a new zdeteonine

if it belongs in another zone. Examples of the zone size is shawgure4.



Figure4: Zone size

To determine the amount of data to hold in the zone we wilFigaere5 to determine

an approximate number of samples we should use to calculate the road condition status.
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Figure5: Create Zone Diagram
To determine how muctiata,we calculate the area of the zone Higure5 there are multiple
variables that arshown The first thing to note is we do not need to use the full lane width
for calculating the zone area. This is because the vehicle is a static object and when it moves
left or right the entire object moves together. This means that ietievheels are ging over
a certain portion of the road the right wheels are going over a different portion on the right side
at the same time. Due tioe vehicle being a static object that moves together we need to only
worry about the half of the land width which wdlwall lane coveragd.C). The next variable
we need to consider is the GPS sample dist@@&SSD) This is how far the vehicle will
travel between each GPS interval that is captured. To determine the distance the vehicle will

travel we need to knowolw fast the vehicle is going and for what time inter\idbw that we

10



know the area of the zone, we need a way to determine how many samples we can get in that
zone.

To determine how many samples in that zone we need, we need to knomvamyw
t i re perASDIaré m the zone areko determine this, we ugbe tire width and the
ASD. The ASD is calculated by taking the GPSSD and dividing by amount of accelerometer
data per GP8erationas seen ifrigure5. Also, since we will have two tires in the area, we
need to account for both. Now that we know the necessary information to determine how many

samples we want in the zone; we can create a formula.

00 Y¥ D6
0 "YO'YQw@n

" n a 'Qciz

The formula above tells us basically how maSsD by tire width sampleare in the

zone area. But if we want more samples to improve our estimate zdrieave need a way
to determine how many samples need taisethatnew ASD value. The new formula is the

same as the previous except we just enter the new ASD as anvialciges. For example, we

want our new ASD to be 1 inch, so instead of calculating ASD we just enter the value we want.

00 Y¥ 06
0 QU 0 YPQwWED

Yodana féz
Now we have two formulas, but they are not easy to use becaseetjuire many
variables that are not easily attaite,and if we want to use crowd sourcing this might be a
burden to calculate this for eyezone to determine theow many samples we nee®o,we
simplify these formulas into something thaimere accessible. To do this we need to make
some assumption3.he first assumptions we will make are regardinditleavidth. Regarding
the tire width I looked up some information on common tire widtfis0&nd took thegerage

of the smallest and largest tires that are listed. The value | came up with is 9.84 inches. The
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next variable to simplify is the GPSSD. The GPSfltipliesthe speed of the vehicle by the
GPS sample rate of the device. The current speed otthele is inmphbut we would like
the result to me measured in inches per second so we will multiply the speed by 17.6. Also,
the GPS sample rate of the device is set to 1 second in the application.

00 "Y'YOYN QR'GQ z2p B % i3 00 "YW 1) 8 XQAI0Q G
To compute the current ASD we just divide the GPSSD by the accelerometer sample rate.
Currently, the Google Pixel 2 XL generates an average of 50 samples per GPS sample rate.
Then we just divide GPSSD by 50The final variablewe need to determine is the lane
coverage LC. This is half the lane width. When determiningwadt, | will be referencing
[11]. The website shows that 12 feet seems to be common in all the types of roads and is the
width of the FreewayNow that we have provided some values for the variables, we can create
some new formulas.

Yoana®Qi i Q¥Op Yo

08 zi QR
6 Q0 b YO

Yoan Rl Qw YO
The formulas above represent usthg current ASD and new ASD respectivelyhe first
formula works out to a constant value. This is because GPSSD and current ASD are related
and ASD is a fraction of GPSSD so we the calculations are finished the speed gets cancelled
out and the value that is obtained is 183.
3.2.3Classify RoadConditions
Determining road conditions that should be captured and reported can be somewhat

difficult due to what is considered a bad road condition can be subje®tieecan make an
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educated guess using some data and video footage to determine wbdt pogr, and bad
road is on average and provide a tolerance to allow some tolerance.
3.2.4Good Road Condition

To find what a good road is we gather the z axis data and then calculate the average,
standard deviation, and add them together to get aiti@$at a good road condition and set a
tol erance. I then calcul ated the average
times.Figure6 shows the good road section of the route. To calculate the z valine IGPS
data point, | take the absolute value of the z axis values for the GPS data point and then

calculate the average.
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Figure6: Good road condition section
The average of the road section was 0.31 and the stagheldedion was 0.07. Add these two
values and it equals 0.38. To keep the numbers simple, | chose to round up to 0.40. This value
can be used to filter out good road conditions.
3.2.5Poor Road Condition

Using this value as a filter, for the good roaddaitions, is a good start but it would be
nice if we could categorize unwanted road conditions into two categories. The first category
as poor road conditions and the next can be bad road conditions. If the lower bound for the
poor road conditions was eater than 0.40 then there needs to be an upper bound. To
determine the poor road condition, | will repeat the process for the good road corfelijiomre

7 shows the road for the poor condition section.
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Figure7: Poor road condition section

This section of the road has multiple cracks and bumps. It seems like a decent choice to

determine the upper bound condition for the poor road condition. To determine the poor road
condition, | will calalate the average of the poor sections on the route. The average for the
poor sections of the route is 0.67 and the standard deviation is 0.11. Sum these two together

and the value is 0.78. Round this up and the upper bound for the poor road con@ittn i
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3.2.6Bad Road Condition

The final road condition would be a bad road condition. Since this value captures the
values above the poor road condition we just need to check if the road condition is greater than
the upper bound of 0.80.

3.2.7Summary of Good, Poor, and Bad Road Conditions

Road conditions arelassifiedas good, poor or bad. Good road conditions are GPS z
axis values less than or equal to 0.40. The poor road conditions are z axis values greater than
0.40 and less than or equal t8@. The bad road conditions are z axis values greater than 0.80.

3.2.8Receive GPS Location from Smartphoneand Send Data

The last two functions of the server are to receive the GPS location from the smartphone
and send data to the smartphone. The current setup for the communication between the server
and the smartphone is mobile data. This was chosen because many neli@raartome
with a mobile data plan that uses mobile data and many plans are unlimited. The smartphone
creates a socket connection with the server. Then sends the current GPS location and then waits
for the server to reply with the zone data that is withispecified range determined by the
server. This range can be set to the server
500 feet to keep the data sent to a minimum. Finally, closes the connection and Fegess.
8 showsthe data being sent to the device from the server while driving around my

neighborhood.
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17



CHAPTER4. EXPERIMENTATION

For this chapter | will discussny setup for the experimentatiogection any
dependencies that need todomsiderednd ignoredand showsome road condition examples
with the data and images of the road conditions. | will also calculate the bad road conditions
affected area of the zone.

4.1Setup

For the experimentation portion of the paper | chose to minimize the number of
variables that could affect the results. Theables that could be controlled were smartphone
used, smartphone placement, smartphone orientation, route driven, vddstiesamerand
the applicatiorused to collect the data&Some of the variables which could not be controlled
were weather, traff on the route, changes in road conditi@rgjsyncing time of routeThe
smartphone used is a Google Pixel 2 XL with Android Version 9. The smartphone placement
seen inFigure9 and orientation are in open center console, screen up, forward facing. The
vehicledbs make and model are 2016 Kia Soul

Amazon Alexa.
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Figure9: Smartphone in open center console
| chose to place the smartphone in the open center console of my Kia Soul because |
could see the application run while driving and to prevent the smartphone from sliding due to

the smartphonease and the console being rubber.

19
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Figure10: RoadConditionApp

The application shows the current location of the user and allows the user to upload the
data when connected to Wi. The application was designed in this fashimavoid accidental
use of mobile data to upload the data as | do not have an unlimited data plan. The user can
also place a trigger (flag) in the data if they want to note something that needs further review
later.

4.2 Dependencies

If we want to use the z axis only for detecting potholes we need to check if there are
other dependencies that might affect our results. This will not be an exhaustive test but more
of a briefanalysis of these dependencies. The dependencies we wildlygiag are the x, y
versus z axis of the accelerometer. The speed of the vehicle imbiade if the ASD is

affected due to speed being included if we want a new ASD, if driving speed changes
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accelerometer data, and driving over the same road congdiying the speedffects the
accelerometer data
4.2.1X, Y versusZ Axis Dependengy
After collecting the GPS and accelerometer davéll determineif there are any
dependencies betwegrand y versus.zThe f i rst part | wgetherin show
one figure. Then | will chart x versus z and y versus z in a scatter plot and calculate the
correlation coefficient for each of the figures.

Below inFigurellthe x, y and z axis are shown together.
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Figurell: Axes X, Yy, z Comparison
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In comparing theéhree graphéz axis vs. the x and y ajigouwill notice that there are

the x and y axis spike huhe z axis seems unaffected.
axis increasgand then decreasdbe y axis increasl,then decreaskthen repeatthe z axis

inconsistences between each axis.
decrease but, the z axis spike after the x and y axiwere stabilizing

slicing,



seanedstable andhen rapidlyincreasd and decreaskin a short time periodThe fourthgrey
slicing, thex axis spiké in the middle where the y axibad a small increase in the beginning
and a large spike dte endwith the z axis increasland decreaand then stabiliz& In the

fifth greyslicing, the x axis hd a very large spike in the middle then a couple smaller negative
spikes, the y axis increasthen spike up and dowwjth the z axidbeingunaffected by what

x and y are repogtd Based on theeslices of datandgraph comparisons appeas that x, y

and z axis are relatively independent of each other.

The next thing we will do is chart the x versus z and y versus z and calculate the
correlaton coefficient. InFigurel2f or bot h charts it doesndét apy
between the x and y axis versus z axis. Whencaleulate the correlation coefficient for x
versus z, we get 0.05 and for y versus z, we get 0.08. These values are low and close to 0 so

we can assume there is a small correlation between the x and y axis versus the z axis.

X WETSUS 2 W WErsuUs Z

Figurel2: x vs.zand y vs. z
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Using these two methods we can conclude that the x and y axis do not affect the z axis,
so we do not need to uieese two axewhen determine road conditions. We can focus on
using the z axis alone.

4.2.2Speed Dependency

The next dependency to look at is spe®¥dhen determine if speed is a dependency,
we need to look at three scenarié@st, intheCreate Zonesectionwe seeneformula seem
to depend on the speed of the vehicBecond, does driving faster or slower cause the z axis
to generate high or lower accelerometer values. Third, does driving over the same road
condition with varied speed affect the accelerometer data.

To determineif speed affec GPSSD orASD we look at he two portions of the
formulas that use speedlsing the formula to calculate ASD with a sample rate of 1 second
we can see that the ASD increases when the speed indreBggpsel3. According toFigure
13the speed does change the ASD.

00 "Y'YO  p @ ZYRQAHZYHE NG Q
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Speed 10 MPH
» 3.5 inches

Speed 30 MPH
» 10.6 inches
Speed 50 MPH
» 17.6 inches
Speed 70 MPH
» 24.6 inches

Figure13: ASD changes with vehicle speed
To determine ifdriving faster or slower can cause the zdwi generate high or lower
accelerometer valudswill use two methods.Method 1 is shown ifrigure 14, which charts
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speedvs z averagalata Method 2uses a scatter plot shownRkigure 15 with speed versus z

average and tmel will calculate thecorrelation coefficienbetween speed and z average.

Speed and-Average vs Date/Time
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Figurel4: Speed and average

This chart aligns the z axis average data for the GPS coordinate data and then charts the speed
of the vehiclevs Date and TimeLooking at the charthere are times when the road condition
spikes when thepeed increaseas showrat 08:05:14 However there are other times when
the road condition data gpiking,and the speed is loat 08:04:17. At the end of the route the
speed is slowerwhile the accelerometer data is spiking often. Téseemsthat he road
condi ti on dapend an thd speed af the vehicle.

The next test will use a scatter plot and the correlation coefficient to determine a
relationship between speed and z averagd-igare 15 it appears tat there might be a very

small linear correlation. So, when we calculate the correlabefficient,we get 0.17. This
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value is low but there seems to be a small relationship between speed and z &vErege.

this islow, we can safely not consider iBut more testing might be needed.

Speed vs-Average
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Figurel5: Speed vs. z average

Finally, does driving over the same road condition with varied speed affect the
accelerometer datén Figurel6the data looks different for each time we drove over the road
condition but the maximum value for eachtlo¢ different speeds never exceedadch over
the absolute value of 4. This seemgticate the small variation of speed that was tegted
accelerometer data didnot | rBotasesees befomhendecr e e
we increase our speed our accelerometer sample distance increases so the values, may not be
completdy showing the full picture of the road condition. So, with this small test we cannot
conclude that varying the speed over a I oc¢
accelerometer data. More information and testing on this will be needed for a conclusion

One thing to also consider is that with
much due to speed limit restrictionSo,we cannot drive over the same road condition going

5 MPH and then 70 MPH for safety legally.
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Figurel6: Speed variation test

4.2.3Elevation ChangeDependency
The final dependenogvaluateds elevation of the route vs the z axiSeeFigurel7,

with thez axis datand theelevation of the route
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Figurel?: Elevation and z axis accelerometer data

At the beginning ofhe route there are many spikes in the z axis data both positive and negative
while the route is decreasing in elevation. Also, when the route elevationtieflaare some
spikes in data which seem to be elevation independent. A little over half way the route
increases in elevation and around that tmw@ez axis spikesreboth negative and positive.
Also, notice that when there are elevation changes thees seem to be spikes around those
locations.

Wi th this smal | t est we cannot concl ude
accelerometer data. More testing on this will be needed to make a better conclusion.

4.3 Classification of Road Conditions
To dassify the road conditions, we need to know how we can accomplish this task. For

visual reference we will udeigure18.
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Figurel8: Road Classification Figure

This figure is an example of a zone and the colors in the grid spaces represent good, poor, and
bad road conditions. In thegfire above we see that we have the GPSSD the ASD and tire
widths. The GPSSD is the GPS sample distance and the ASD is the accelerometer sample
distance, and the tire width is the average with of a vehicle tire. When the vehicle drives over
the section ofoad the tires can hit two different types of road conditions at the same time with
the tires. Since the tires and the vehicle will react to driving over these road conditions, we
will use the road condition that is worse for consideration. When we dxer the road
condition, we will count how many of each type we encounter. We also need to know how
many total ASD samples we have after driving over the zone.

In the example above, we have 32 ASD samples, 15 good, 10 poor, and 7 bad. At this

point we can calculate a percentage of each classification. For the good portion of this zone

we have—, for poor—, and for bad—. Now we can take the overallear of the zone and
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multiply by the percentage to get a rough estimate of the zone classification. To calculate the
zone area, we use the formula below.
WE EOD QD & Wi { "QWHSEADO YIS
Using this idea to count theumber of each road classification in the zone that we
encounter in the data we can use this to give an overall picture of a route with regards to the
number of good, poor, and bad road conditions are in that specific zone. In the next section
we will shav the route driven and display the same route with regards to the number of good,
poor, and bad sections of that route.
4.3.1Count and Magnitude of Road Conditions
In the previous section, we demonstrate that we can count the number of good, poor,
and ba samples in the zone and determine a percentage of each classifi¢agare 19
shows the route driven armdgure 20 showsthis routebut categorized as good, poor and bad
respectively with the associated count and magnitude values. To compute the values for the
figures, | have taken the absolute value of the z axs plaint. Then | count the number of
values that meet the range state above. Finally, | average the z axis values ithdhare

specific range
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Figure19: RouteFor Count and Magnitude Consideration
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