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Sleep Apnea

Pauses in breathing or shallow breathing

while sleeping

= Duration of each pause: a few seconds to a few
minutes

= Common occurrence: 5 -30 x per hour

Result: poor sleep quality
One of the leading causes of daytime drowsiness

National Heart Lung and Blood Institute. Sleep Apnea. U.S. Department of Health & Human Services. National Institute of Health. Web. Aug, 2010.



Obstructive Sleep Apnea

Most common type of sleep apnea

Occurs in all types of individuals but more
common in those who are overweight

The airway collapses and becomes blocked
during sleep

= The blockage inhibits air during the inhalation process
and carbon dioxide during the exhalation process

= The lack of air causes a decrease in blood oxygen
levels which signals the brain to wake the individual in
order to reopen the airway

National Heart Lung and Blood Institute. Sleep Apnea. U.S. Department of Health & Human Services. National Institute of Health. Web. Aug, 2010.



Risks of Untreated Sleep Apnea

Increased risk of

= High blood pressure

= Heart attack

= Stroke

= Obesity

= Diabetes

= Heart failure

= Arrhythmias (irregular heartbeats)

= Driving accidents
Treatments:

= Lifestyle changes
= Mouthpieces

= Surgery

= Breathing devices

National Heart Lung and Blood Institute. Sleep Apnea. U.S. Department of Health & Human Services. National Institute of Health. Web. Aug, 2010.



The Driving Study

Researchers in the Neuroergonomics Division at
the University of lowa are outfitting patients cars
with “black box” devices

= Measure and record driving data for 3 months of
driving per subject

= 7 subjects

= Examples of gathered data:
Latitude
Longitude
Driving speed
3-dimensional acceleration



The Driving Study




Data Example

subject_id,device_id,time,gpstime, latitude, longitude,elevation,gpsspeed,heading,signal_str,fix_type,acc_x,acc_y,acc_z,tt
05A005,833¢c2174,1,/31,/2011 21:43,1,/31/2011 21:43,41.55555,-90. 548405,201.199997,0.792,0,2,32,0,0,0,,,,+1++1,.,
054005,833c2174,43:06.1, lEEIEEDll 21:43,41. 55555 -40. 548405 201. 19999 ,0.793,0,2,3,0,0,0,12,0,27,33,73,.,,.,.,.,
QsAQ05,833c2174,43:06.2,43:06. 2, 41.55555 —90.54E4D5 201.3DDDD3 0.696,0,2,3,0,0,0,12,0,27,33,73,14. 2,NoONe,,,,
054a005,833c2174,43:06.3,43:06.2,41,55555,-90., 548405,201. 300003,0. 696,0,2 12,0,27,33,73,14.2,None, ,
GSADDS,833c21?4,43:06.4,43:06.4,41.55555,—90.548405,201.300003,0 654,0,2 2,0,27,33,73,14. 2, None,
05A005,833c2174,43:06.5,43:06.4,41.55555,-90. 548405,201. 200003 ,0.654,0,2 2,0,27,33,73,14.2,None,
054005,833c2174,43:06.6,43:06.6,41,55555,-90. 548405,201, 399994 ,0. 556,0,2 2,0,2?,33,?3,14.2,N0ﬂe,
2

05A005,833c2174,43:06.7,43:06.6,41.55555,-90. 548405,201. 399994,0. 55%6,0, 2,0,27,33,73,14.3,NoOne, ,,,
sub]ect id, device_ id, t1me gp5t1me 1at1tude 1nng1tude elevation, gpsspeed gna1 str f1x _type,acc_x,acc_y,acc_z,th
054005, 833c2174 43: DE g, 43 06.8,41. 55555, —90 548405,201.399994,0.57,0,2 ,0,27,33,73,14 ,None, , ,,
054005,833c2174,43:06.9,43:06.8,41.55555,-90. 548405,201, 399954 ,0, 57,0, ,0,27,33,73,13.8,NONe, ,,,
05A005,833c2174, 1;31;2011 21:43, 1;31;2011 21:43,41. 55555 -40. 548405 U 2 3, D 0,0,12,0,27,33,73,13.8,None,
05A005,833c2174,43:07.1,43:07.2,41.55555,-90. 548405 201. 5 0.309,0,2, ,33 73, 13 E Nnﬂe v
05A005,833c2174,43:07.2,43:07.2,41.55555,-90. 548405,201 5,0.309,0,2 ,33,?3,13.E,N0ﬂe,,
05ADDS,E§3C21?4,43:D?.3,43:0?.2,41.55555,—90.548405,201.5,0.309,0 2 7,33,73,13.8,NoONne, ,
2 ,
2
4
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05A005,833c2174,43:07.4,43:07.2,41.55555,-90. 548405,201.5,0. 309,0, 33,r3,13.E,NDHE, :év—4l?—ﬂ.muv,63.3F

05A005,833c2174,43:07.5,43:07.2,41.55555,-90. 548405,201.5,0.309,0,

e

7,33,73,14 ,None, ,,,

E,U 2;,33,?3,13.9,N0ne,
2,0,27,33,73,13.9,None,
2,0,27,33,73,13.9,None,
2,0,27,33,73,13.9,None,
0,0,0,12,0,27,33,73,14
2,0,27,33,73,14 ,None, ,,
,0,27,33,73,14.1,None,
,0,27,33,73,14.1,None,
7,33,73,14.1,None,

054005,833c2174,43:07.6,43:07.8,41.55555,-90. 548405, 201. 600006,0.1 .
2 :
27,33,73,14.1 ,NONe, ,
2 ,
2 ’

3

9,0
05A005,833c2174,43:07.7,43:07.8,41.55555,-90. 548405,201. 600006,0.149,0
05A005,833c2174,43:07.8,43:07.8,41.55555,-90. 548405, 201. 600006,0.149,0
05A005,833c2174,43:07.9,43:07.8,41.55555,-90. 548405,201. 600006,0.149,0
05A005,833c2174, lf%leUll 21:43,43:07.8, 41. 55555, -90. 548405, 201. 600006
05A005,833c2174,43:08.1,43:07. 8, 41.55555 -90. 548405 EDl.EDDDDE 0.149,0
OSADDS,EEEC21?4,43:DE.2,43:05.4,41.55555,—90.548405,201.300003,0 242,0
05A005,833c2174,43:08.3,43:08.4,41.55555,-90. 548405,201. 300003,0.242,0
054005,833c2174,43:08.4,43:08.4,41.55555,-90. 548405,201. 300003,0.242,0
05A005,833c2174,43:08,.5,43:08.4,41.55555,-90. 548405,201. 300003,0.242,0
0
0
2
2
0
3
0
0
0
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05A005,833c2174,43:08.6,43:08.6,41.55555,-90. 548405,201. 300003,0. 258,
05A005,833c2174,43:08.7,43:08.6,41.55555,-90. 548405,201. 300003,0. 258,
05A005,833c2174 ,43:08.8,43:08.8,41.55555,-90. 548405,201. 300002,0.2,0,
05A005,833c2174 ,43:08.9,43:08.8,41.55555,-90. 548405,201. 300003,0.2,0,
05A005,833c2174, lf%leDll 21:43, lf%leDll 21:43,41. 55555 -90. 54E4G5 2
05A005,833c2174,43:09.1, lf%leDll 21:43,41. 55555 -40. 548405 201. 30000
05ADDS,E§3C21?4,43:09.2 43:09.2, 41.55555 —90.548405 201.300003 0.028,
05ADDS,EEEC21?4,43:09.3,43:09.2,41.55555,—90.548405,201.EDDDDE,D 028,
05A005,833c2174,43:09.4,43:09.4,41.55555,-90. 548405,201. 300003,0. 099,
05A005,833c2174,43:09.5,43:09.4,41.55555,-90. 548405, 201. 300003,0.099,0
05A005,833c2174,43:09.6,43:09.6,41.55555,-90. 548405,201. 300003, 0. 17594
05A005,833c2174,43:09.7,43:09.6,41.55555,-90. 548405, 201. 300003,0.17594
05A005,833c2174,43:09.8,43:09.6,41.55555,-90. 548405, 201. 300003,0.17594
05A005,833c2174,43:09.9,43:09.6,41.55555,-90. 548405,201. 300003,0.17594
054A005,833c2174, lf%leDll 21:43,43:09.6, 41 55555, -90. 548405, 201.300003
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7,33,73,14.1,None,
7,33,73,14,None, ,,
7,33,73,14.1 ,None, ,,
7,33,73,14.1,None, ,,
2,3,0,0,0,12,0,27,33,73,14.1,None
12,0,27,33,73,14.1,None,,,,
,33,73,14.1 ,NOne,,,,
,0,27,33,73,14.1 ,NORe,,,,
,D,2;,33,r3 14.1,NonRe, ,,,
,0,27,33,73,14.1 ,None, ,,,
2?,33,?3,14.1,N0ne,,,,
27,33,73,14 ,None, ,,,
2
2

Pd fdm s s ma me e o s o o om om m o om oaw ow

e Mo R Y S Y SR S R R

0
0
0
0
0
0.
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
1
1
0.
2
0

7,33,73,14.1,NoOnNe,,,,

el =T=T el e O

,0,27,33,73,14 ,None, ,,,
0.018,12,0, 2;,33,;3 14 ,NoOne, ,,,

=B ] '-":|' ‘I:|' [l W) [ —



Goals of our Summer Research

Describe the driving habits of the first several
narticipants in this study

~ind and resolve data quality control issues
which have arisen so far in this study
Understand how driving habits are affected
by weather conditions and other
environmental factors

Develop programming templates which can
be used in future analyses as other drivers are
enrolled into the studies




Mean & S.D. Function

Used R statistical software to read in data and
perform data reduction at the day level.
Two functions structured similarly

= Calculates the Mean or Standard Deviation of any
of the data parameters



Mean & S.D. Function

File

Read file into variable

Create function with 3 parameters: initial and final date, condition

Time
vector=
headers
Time vector “NA”

Take substring and convert
to integer date

Take the time and convert to decimal hours

Converting Date and Time from GMT to CST
Hours=Hours-6

Hours<o

Date=Date-1
Hours=24+Hours

Date=Date
Hours=Hours



Cont. Mean & S.D. Function

Save condition as vector

iin 1:numbers of days
gets variable at the specific dates
omits the NAs in variable vector in order to get statistical values
adds the mean of each date to a vector

condition=
“obdspeed”

NaN or
Null
Same value o
Change from kph to mph

Call function



Mean & S.D. Function

Average Speed vs. Date
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Mean & S.D. Function

Average Speed with Precipitation (MPH) Average Speed with Temperature (MPH) Average Speed with Cloud Cover (MPH)
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sd.acc ¥
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Mean & S.D. Function

Acceleration X vs. Precipitation
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Merge Data with Sunrise/Sunset

Read daily sunrise and sunset times for

Jan. 1-Jun. 30, 2011 from the U. S. Naval
Observatory

Categorizes each data entry as occurring
during the day (sunrise to sunset) or night
(sunset to sunrise)

Analyze correlation between speed and
percent driven in day



Merge Data with Sunrise/Sunset
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Latitude and Longitude Plots

Plots the route of a test subject for one day
Omits data entries for which latitude and/or
longitude

= js not available

= isinaccurate (o or otherimplausible values)



Latitude and Longitude Plots




Latitude and Longitude Plots

Pseudo Code

Function: Read table.
Receive the date.
Save latitude, longitude and time to three different variables.
Change dates to integer format.
Change time to decimal format.
Convert time from GMT to CST.
Define hour=hour-6

If (hour < 0), Date —1 and 24 + hour

Else, Date, hour
Find the position of the desired date.
Create vector "Skip” of the positions for the empty latitude and longitude spaces and o
coordinates.
If (length(Skip) != 0), remove the members of Skip from the original latitude vector and save
the resulting vector.

Else, save the latitude vector.
Do the same check with longitude vector.
Check for additional latitude and longitude data that needs to be omitted due to errors in the
collection of GPS data.
Plot latitude and longitude.



Latitude and Longitude Plots

Drive on Jan 27 2011 Drive on Feb 13 2011
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Distance from Home

Calculates the percentage of time subject drives
“close to home”

"Close to home"” criteria is specified by user

Uses Great Circle Distance to calculate distance from
latitude and longitude data to home location

= Great Circle Distance:

Shortest distance between any two points on the surface of a
sphere

Measured along sphere’s surface rather than through sphere’s
interior

Omits data entries for which latitude and/or longitude
= is not available
" IS inaccurate



Distance from Home

Pseudo Code

Function, input parameters: home latitude, home
longitude, and condition (2 miles)

Begins with the code that plots latitude and longitude

Calculate the great circle distance of each valid latitude
and longitude entry

Categorizes each data entry as within or outside of
condition

Counts number of entries within condition

Calculates percentage of driving time within (outside)
condition

Returns data frame



Noteworthy Obstacles

Storage space didn't have sufficient capacity
to store data files

GPS data not collected accurately
(Latitude/Longitude)

Tedious to concatenate files (Date/Time
conversion error)

= We used Command Prompt
Processing (Files too large)
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