My primary project this summer was to work with the GPS data we received from our detector in order to approximate its resolution, and ultimately come up with the standard for how the latitude and longitude were computed in the geometry data.  The way I went about this was by looking at the number of satellites the detector was seeing, and split up the data accordingly.  I wrote two Perl scripts to help me look at the GPS data by the number of satellites it saw.  The first script (gps_data.pl) took a raw data file with DGs interspersed, and printed out the following data: 
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[4-r15979:/cosmics/scratch/nick ] ledernan per| gps_data.pl 0GJuly gps_NEV 2 95 5
na dist: 215, 796455346605

percent, dist ava (35): 10.149273935265

ant. of data uith sate: 2083

ant, of total data: 2083

percent, of data: 180

o sats: 03

val pero: 8.3240779113137

avg lat: 41:50. 292851568249

ava long: 033:15.6309979356657

ava alt: 268.342726636294

[d-r19379: /cosnics/seratch/nick] Ledernant ||
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The results are broken down like this:
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## nax dist: naxinm distonce auay fron average

## percent dist avg: the average distance using the closest specified

# percent of data

## ot of data vith sats: the auount of data using the specified anaunt of

# satellites

## ot of total data: the anount of all the data

## percent of data: the percent of data that uses the specified anount of

# satellites

## nax sats: the naxinun aount of satellites sesn at any given tine in the data
## avg Lat: the average lotitude

## avg long: the average Longitude

## avg alt: the average altitude

## val perc: the percent of all data that was valid
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The command line for this script was: 
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[4-r15379:/cosnics/scrateh/nick] ledernants E
d-r15379:/cosnics,/scratch/nick ] ledernan per | gps_ata.pl

usage: [dataf Lo being analyzed] [1iLename for gps and graph dato]

[# of satellites being analyzed] [percent of dato closest to average position]
[d-r19379: /cosnics/scratchynick] Ledernart |





The other helpful result this script produced was an output file of three columns, one of latitude in meters, one in longitude in meters, and one in altitude in meters, which could be run through a plotting script to get either a 2-D plot of just latitude and longitude or a 3-D plot of latitude, longitude, and altitude.  These were a very helpful visual explanation of how much the GPS output varied between each signal it sent.  It also showed how much the data could be trusted based on how many satellites it was seeing at that time.

A 2-D plot that it would produce would look like this:
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This shows very clearly the variance in latitude and longitude that our GPS detector has with few satellites. However, the data does get more localized the more satellites it sees, as this graph will indicate:
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You can see the same sort of localization in the 3-D graph that this script outputs.  Here’s a graph using as little as two satellites:
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When you take only as little as eight satellites, again the data gets demonstrably more localized:
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The other script I wrote once again used the number of satellites as a dividing factor, but this time looked at the amount of satellites not in relation to position, but to time.  We wanted to know at what time during the day we had the best chance to see the most amount of satellites, thus giving us the best possible time to get accurate position data from the GPS.  I decided that the best way to use time would be to categorize it in hours.  Another functionality I implemented as an afterthought was the percent of data that was valid during a given time period for a given amount of satellites.  This showed how trustworthy the data was that I was analyzing.  This program’s output is in the form of a table, with time of day running across the top on the x-axis and number of satellites running down the y-axis:
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M 12-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9
1 sats:

Sats 5.0833 6.1069% 5.7506% 4.0055K 6.1069% 5.5000% 3.2570K 4.1730K 3.7A508 3.0534 2.9517% 2.2992%
valid 96.667% 108.000% O4.167% 00.000% 100.000K 99.220% 53.333K 68.333K 6L.345% 61.856K %.667% 73.339%
2 sats:

Sats 5.0833 6.1069% 5.7506% 4.0055K 6.1069% 5.5000% 3.2570K 4.1700K 3.7AS08 3.0534K 2.9517% 2.2992%
valid 96.667% 108.000% O4.167% 00.000% 100.000K 99.220% 53.333K 68.333K 6L.345% 61.856K 9.667% 73.339%
3 sats:

Sats 5.9274% 6.A3L0K 5.7741% 4.9055K 6.310K 5.6200% 3.2703% 4.1901% 3.673L% 3.0669K 2.9637% 2.1972%
valid 96.667% 108.000% O4.167% 00.000% 100.000K 99.220% 53.333K 68.333K GL.O17% 61.056K %.667% 72.981%
4 sats:

Sats 6.1662% 6.434% 6.0590% 4.1207 5.5764% 5.4692% 3.3700K 4.3963K 3.0070% 2.0418K 3.1099K 1.7694%
valid 97.450% 108.600% 95.763K 77.770% 100.080K 9.570% 53.090K 68.333K 75.52% 61.628K %.667% 70.57L%
5 sats
Sats 4.5209 8.0972% 7.4999% 3.5762% 4.7900K 5.0607% 4.0406K 5.539K 4.0406% 2.4%66K 3.5762% 0.3097%

valid 100.000% 160.000% 100.000K 100.000% 100.000% 100.000% 6456 70.690K 100.000K 100.000% 93.146K 100.000%
6 sats:

sots 1.6399% 13.6192% 11.6015% 2.2699% 1.8916K 2.5201% 2.9004K 8.70U1K 3.2787% L.7654K 4.5397% 0.1261%

valid 160.000% 100.000% 100.000% 100.000% 100.000% 100.000% 100.000% 95.930% 100.000% 100.000% 100.002K 100.200%
7 sats:

sats 0.0800% 15.3333% 25.4167% 0.0000% 0.0000K 0.0000% 0.4167% 8.3333K 1.2500% 0.4167% 3.0333 0.0000%

valid 0.080% 100.000K 100.000K 0.00BX 0.000% 0.000% 100.000% 100.000% 100.000K 100.000% 108.00% 0.000%
8 sats:

sats 0.0800% 10.7632% 55.3046% 0.0000% 0.0000K 0.0000% 0.0000% 0.0000K 1.5335% 0.0000% 0.0000K 0.0000%

valid 0.080% 100.000% 100.000K 0.008% 0.000% 0.000% 0.000% 0.000K 100.000K 0.000K 0.000% 0.000%
9 sats:

sats 0.0000% ©.0000K 0.0000% 0.0000% 0.0000K 0.0000X 0.0000% 0.0000K 0.0000% 0.0000% 0.0000K 0.2000%

valid 0.080% 0.080% 0.000K 0.000K 0.003% 0.000K 0.000% 0.030% 0.000% 0.000K 0.002K 0.208K

1 10-11 11-12 El

PH: 12-1 1-
1 sate:

Sats 3.0504% 2.9008K 2.5445K 2.7990K 2.6972% 4.2239% 5.0524% .0GGEX 5.0302% 5.506K 6.0P5LK 5.3944%
valid 100.080% 95.000% 3,333 100.080% OL.379% 79.302% O5.833K 0.080X 93.193 54.167% 98.333 68333
2 sats:
Sats 3.0504% 2.9008K 2.5445K 2.7990K 2.6972% 4.2239% 5.0524% .0GOEX 5.0302% 5.506K 6.0P5IK 5.3944%
valid 100.080% 95.000% 3,333 100.080% OL.379% 79.302% O5.833K 0.080X 93.193 54.167% 98.333 68333
3 sats:

sats 3.0699K 2.9026% 2.5549K 2.8104% 2.7082% 4.1390X 5.0763% D.000EK 4.0544% 5.7741N 6.0296% 5.4165%
valid 100.080% 95.000% £3.333 100.080% OL.379% 77.805% O5.833K 0.080X G2.609% 54.167% 98.333 68333
4 sats:

Sats 3.2072K 2.8954% 2.6BLOK 2.8954% 2.2520% 4.20%5K 6.1662 D.0GGEX 5.0402% 6.0508K 6.3271% 5.0482%
valid 100.080% 94.737% 6.207% 100.080% 108.00RK 04.2L1% 95.530% 0.008K 100.008% 95.763% 98.333K 83.524%

0 o1e-11 1-12

sats 2.7MIK 2.5221% 3.2787K 3.2787% LAMOK 27743 99622 D.0GOEK 0.2522% 3.0265K 13.6190K 2.5221%
valid 100.006% 108.080% 100.600% 100.00B% 108.0B0% 100.600% 100.00G% O0.600K 100.0PGY 100.060% 100.600% 100.006%





These results are easier to decipher than my first program, but this program has a bit more flexibility in what you can do with it.  Here’s the command line:
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usage: [dataf Lo being analyzed] [file being written to] E
[Lock at @ specific date (typs 'day') or Look at all dates together (type ‘all")]
{anether you uont a plot by hours (type ‘hours’) or minutes (type ‘minutes’)]
[ucxioum runber of satellites seen] [date to look at (if ‘day’ chosen)]
[d-r19379: /cosnics/scratch/nick] Ledernant ||





You might notice that there are more options with this command line than my first one offered.  The options, however, don’t really affect the immediate output graph.  Just like my first script, this script will create a new file of two columns: time and number of satellites.  You can run that file through a plotting script to come up with a plot of time of day vs. number of satellites.  The two options on the command line decide how the graph is made up.  You can either look at all the dates in the file or just one specific date, and you can also either look at a graph of satellites by the hour or by the minute (that one’s really long).  Here’s what a graph of satellites by the hour looks like:
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I used these two programs to sort through all the GPS data we had and come up with an idea of how to get an accurate position reading from the detector.  At first, we were only seeing a maximum of six satellites, so we went up onto the roof and moved the detector to a position where it could see more of the sky.  I started taking more data and analyzing it, and finally decided that Paul’s script for collecting geometry information on our web site would not take the position information if the detector was seeing less than six satellites or if the data was invalid.  I wrote the subroutine that ran through the data and pulled out the geometry information, but skipped every entry that used less than six satellites or invalid data.

Here’s the graph of 5 satellites or more that I decided wasn’t accurate enough:
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The graph of six satellites or more looks a lot better, but it’s still a bit spread out.  The reason I went with six instead of seven was because of the amount of times we saw each satellite.  Obviously the more satellites you see the better, but I still needed to choose a number that there would be enough data points for to get a decent average.  Since I saw at least six satellites 42% of the time and at least seven satellites only 12% of the time, I decided to still go with six.  Here’s the graph of six satellites:
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