






































































































































4.2.1 Data Visualization Results 

To give ourselves a benchmark and to demonstrate what ·'good" data distribution 

should look like geographically, we plotted and animated s imulated data as shown in 

Figure 35 . The circle sizes are indicative of driving speed and their color is varied based 

on the passage of time - lighter colored points indicate earlier calls and darker colored 

ones indicate later calls. Notably, the color transitions are consistent with the progression 

of a call , i.e . the calls show a proper time sequence without abrupt location changes 

within the same call number. 
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Figure 35: Example of consistency expected from "good " data 

Figures 36 and 3 7 show screenshots of plotted animation of the dataset that we 

were given for Phase II, and in contrast to the "good" data plot shown in Figure 35, what 

we see in Figures 36 and 37 are many aberrations. Both figures depict the plot of records 

of single calls, and we expect all records from the same call to be visually contiguous. 
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Figure 36: Inconsistency and aberrations displayed by our test dataset 
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Records with the same call number appear in a disjointed pattern all over the test 

route. This is indicative of problems in the data because in reality, each call number 

represents a single call , and therefore the latitude/longitude plots of all records that share 

a call number should visually group all. 

Additionally, within each clump of records, the stzes of the circles are not 

uniform (indicating varymg speeds), and show color variations indicating highly 

disparate time stamps within a largely unvarying geographic location. This is another 

characteristic that is inconsistent with test conditions because records that are visually 

grouped together should have time stamp entries differentiated only by units of seconds 

(not minutes), and only in the forward direction. For instance, let us suppose that the test 

drivers start driving at time unit 1, and take 10 units to move 111 01
h of a mile forward. 

Accordingly, the color transition of the circles in the plots should indicate a passage of 10 

units of time over 1/1 01
h of a mile, and the time reading at 111 01

h of a mile should be 10. 

Now, if the plots indicate that further progression of another 111 01
h of a mile in the same 

direction occurred at time unit 5 (not over 5 time units which would mean a faster pace, 

but a leap back in time progression to time unit 5) we know that our data has some issues. 

The data, when viewed in tabular form looks plausible. All numerical values are 

within a reasonable range. Displaying the data geospatially, however, raised suspicions. 

When the data was played in time sequence animations, the problems became obvious. 

It is quite possible that the location tracking equipment unit in the test cars was 

not functioning accurately, thereby contributing to the bad data observed. However, the 

probability of malfunctioning location tracking units being the principal culprit in the bad 

data observed is quite improbable since the units used were tried and tested prior to our 
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drive tests. Even more importantly, there is no basis for all erroneous locations to be 

located on the test route and not anywhere else on the globe; i.e. if one or more location 

tracking units were indeed not performing up to acceptable standards, why didn ' t the 

malfunctioning unit/s point to some location in, say Asia? 

Therefore, it is reasonable to conclude that the problems in the test data came 

from other sources. In our observations, erroneous log files appear to be the main cause. 

For instance, data from several log files that contain data from different test dates (or 

different tests on the same day) could have been erroneously combined resulting in the 

inconsistencies observed. Other possible causes could be that the data was entered 

improperly, and/or misrepresented in the extraction software. Software bugs could also 

cause glitches during the parsing of raw data into the database; or the database schema 

itself could be the source of problems with inappropriate relationships between fields. 

In the previous chapter, we described the nature of our datasets, our overall and 

interim objectives, and our methodologies of analysis. In this chapter, we examined the 

results of our statistical analysis, and data visualization exercises. Most importantly, we 

use data visualization methods to discover that the cellular dataset we were provided with 

for Phase II was of questionable integrity. This discovery is significant because any 

further analytical endeavors on our provided dataset would have at best been inconclusive 

and a waste of time; or at worst, led us astray towards erroneous conclusions about the 

data and consequently about cellular phone and network behavior. 
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CHAPTERS 

CONCLUSION 

When we began work on this thesis, our fundamental goal was to contribute to the 

methods of examination of wireless geo-referenced data by demonstrating the value 

addition and versatility of application brought about by data visualization techniques 

towards geo-referenced data. 

In our initial chapters, we discussed the value of locational information in 

wireless data, and elaborated our reasons for our choices for subject and analysis 

approach based on the nature of data we examined, and the context of how valuable 

observations gleaned from such data can contribute to better wireless communication 

systems. 

We also presented background information on locational tracking technologies, 

particularly Global Positioning Systems and locational tracking through wireless cellular 

networks, before providing an extensive review of past research in these areas. Next, we 

outlined our methods of acquisition of data; presented the tool that we built to gather and 

parse the collected data; and explained our approach towards analysis of the data we had 

acquired. Finally, we presented the results from our analysis, and discussed the meaning 

of our findings . 
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In chapter 3, we had already used data visualization methods in a "quick and 

dirty" fashion to set ourselves up for further analysis. In that sense, we were made aware 

of the value of data visualization techniques before we plunged into full blown data 

analysis in this thesis. However, as presented in chapter 4, we were convinced of the 

value of geographic data visualization when, first we detected noticeable patterns in GPS 

signal behavior that were completely invisible during statistical analysis of our GPS data; 

and second when we were able to identify acute shortcomings in our cellular dataset 

through the use of pure visualization techniques. The second finding was significant 

because our use of this dataset towards further statistical analysis would have 

undoubtedly led us towards erroneous conclusions about the behavior of cellular systems. 

More importantly, not only were we able to identify issues with the cellular 

dataset that we were provided, but, by concluding that faulty cellular units could not have 

contributed to the lack of data integrity, we were able to go further and eliminate one of 

the possible sources of problems in the data . This conclusion is vital from the point of 

view of efficiency towards further problem solving, wherein the cellular provider can 

seek out solutions in data acquisition and processing methods without wasting valuable 

time and resources on repeated investigations of its cellular units. 

In examining gee-referenced information, we found data visualization techniques 

to be multi-faceted and powerful. More importantly, they are easily reproducible, and 

offer an extraordinary degree of versatility that enables the user/s to employ multiple 

contexts and viewpoints in the examination of location specific data. For the purposes of 

this thesis, the important message for us to take away was that data visualization is a vital 

tool in the evaluation of gee-referenced data, and adds tremendous value and depth 
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toward gaining an insight into the dataset itself; and consequently offers a better grasp of 

the entity, or entities, that the data represents, and the context within which they operate. 

5. 1 Future Directions 

We used our GPS and cellular data within the context of evaluating an evaluation 

method - data visualization. However, the potential for future exploration of visualization 

techniques is tremendous once the focus of evaluation become more data centric. For 

instance, as shown in Figure 38, adding a third dimension to the geographic platform 

(such as Google Earth) could be used to examine various attributes of location specific 

data. Such an approach would enable us to examine the performance of each attribute 

relative to other relevant attributes, and relative to its location on the earth's surface. This 

sort of examination could demonstrate visual patterns of behavior in cellular data, which 

in tum could lead us to understand why certain aspects of cellular communication are 

problematic with respect to certain geographic locations. 

A direct application of such an analysis would be in the study of situations 

observed in Figures 31 through 34, where the three GPS units in our first Phase exhibit 

separation tendencies when in proximity oflnterstate 95. Three dimensional views of the 

landscape surrounding the test route would provide an excellent context on which to plot 

the performance of individual attributes of the GPS signal of each test unit. Such an 

examination would allow us to establish a link between position on the ground and the 

performance of individual attributes by allowing us to track the performance of each 

attribute relative to other attributes, and relative to the geographical "incidents" around it. 
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Figure 38: Example of attributes plotted in 3 dimensions on Google Earth 

Figure 39: Positional information of GPS satellites 
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Location specific information can also be used to great advantage towards 

examination of cellular performance differences due to antenna pattern if, for instance, 

satellite information from GPS receiver data within the cellular units were to be linked to 

data on actual position of satellites, as shown in Figure 39. 

Actual position of satellites during a drive-test (Figure 39) from other sources in 

conjunction with satellite information from GPS signals will enable further insights about 

the extent to which each GPS unit takes advantage of existing satellites. 
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