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ABSTRACT

As transit agencies continue to seek ways to improve service efficiency, the availability of new
technologies offers innovative solutions. One of these innovative areas is the use of persond
GPS devices in paratransit. The conventional pickup procedure requires reservations via
telephone or through the internet for the paratransit driver to meet passengers at designated
locations. In this case, one of the potential problems is that a missed pickup may occur due to
the ambiguity of the address information or the inability of finding a specific location. However,
with the availability of existing mobile GPS devices, passengers can be located instantly, which
facilitates the pickup process.

This research project explores the feasibility of using mobile GPS devices to help with the
development of a more efficient paratransit service. Four different GPS-tracking devices were
examined and a prototype was a so developed. Under this prototype, the vehicle operator and the
passengers are able to know each other’s location and the agency dispatcher can see both the
operator and the passenger. With this additional information, it is expected that the number of
missed pickups will be reduced. Furthermore, the accuracy of each device was investigated to
present the advantage of applying GPS tracking technology.
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1 INTRODUCTION

The objective of this research is to facilitate the paratransit pickup procedure by applying GPS
tracking technology, thereby promoting a punctual, accurate, and efficient transportation service
to the public. Compared with the other public transit modes, the appointed pickup locations and
schedules are flexible in paratransit service. One of the problems encountered is that sometimes
a missed trip occurs because the vehicle operator has difficulties in finding passengers at the
previously indicated pickup location - hereafter termed as a missed pickup in this paper. For
instance, in a large building complex having multiple entrances, distinguishing at which gate
they should wait for pickup can confuse passengers. In this case, a missed pickup is likely to
occur if the vehicle operator and passengers were waiting for each other at different gates.
However, this situation can be avoided if the passenger’ s exact location is instantaneously known
by the vehicle operator or the transit agency’ s dispatch personnel, in which case any mistake can
be corrected immediately.

Missed trips also result in a significant portion of waste in operational budgets. Reported
by a typical agency in the State of Utah, each missed trip cost $24.18 in fiscal year 2004
(Mathias and Smith 2005). Because the operating expenses for public transit in the U.S. come
largely from government subsidies, how to effectively allocating taxpayers money is an
important issue for transportation policy makers. Avoiding missed pickups, through the use of
new technologies such as ITS, GPS, or computerized systems, will more effectively utilize the
limited amount of funds.

In case that a GPS tracking device is deployed for paratransit use, such as a mobile GPS
device that informs the paratransit service provider where passengers are waiting, the chances of
missed pickups occurring would be a smaller. Compared with the conventional method, whereby
drivers are directed to look for passengers in a previously defined area, a mobile GPS device
would provide a more reliable approach because the GPS instructions would lead the driver to
the exact location of the passenger’s. Eventually, total operating expenses would come down
because of the increase of efficiency.

In this research, four mobile GPS devices were examined based on five criteria, including
accuracy, portability, reliability, durability, and user friendliness. Especialy the accuracy
performances of the mobile GPS devices are evaluated in order to examine whether the deviation
distance is short enough to successfully bring the vehicle operator to the passenger. Finaly two
suitable tracking devices were selected and a corresponding prototype was developed to test the
feasibility of connecting the transit agency, the passenger, and the vehicle operator. These efforts
will help to provide a more efficient alternative to substitute the current pickup procedure. To
assess the devices and prototype, testing simulations were carried out under different scenarios.
For this purpose, each simulation incorporated the use of three fictitious parties. the passenger,
the vehicle operator, and the agency dispatcher. All assessments were proved successful;
however, accuracy levels varied.

To gain confidence in broadcasting the new technology to practitioners, surveys
investigating the willingness of adopting the new technology were distributed to different local
agencies nationwide. According to the valid 36 responses, 27 transit agencies showed their



interests of accepting the GPS new technology as a potential applicable method to improve their
services, while only 5 agencies were indifferent to change their current ways. The results are
compared in Figure 1.1.
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Figure 1.1 Agencies Interestsof Applying GPSin Paratransit Services

Improvement is an endless job for transportation engineers. In the future long run, transit
agencies will have opportunities to hear feedbacks from customers, so necessary changes can
always be made. Nevertheless, agencies have to pay attention on addressing some other issues.
Problems such as the durability of the devices, insurance and privacy protection, will be carefully
evaluated according to the local circumstances in order to maintain efficient operations and a
good rapport with the passengers.

2. LITERATURE REVIEW

GPS was initiated in the early 1950s and finalized in January 1994. With the ability to instantly
locate a certain point on the Earth from outer space, this powerful navigation system has
completely changed many aspects of civilian's lives and industry productions, extending to
agriculture, ecology, commerce, political areas, and so on. In transportation field, GPS
technology offers an opportunity to greatly enhance transit efficiencies.

Lave and Mathias (2005) pointed out that paratransit has undergone rapid growth in the
United States. In 1986, there were about 6,300 private paratransit companies in the United States.
Together these firms operated more than 200,000 vehicles, representing more than 350,000
drivers and other staff, and transporting more than 1.4 billion passengers. During this time,
passenger trips also increased sharply. In 1990, some 500 transit agencies carried 8.86 billion
passenger trips, of which 68 million (0.77%) were demand-responsive trips. By 1996, demand-
responsive trips had increased to roughly 95.4 million, 1.2 percent of the 7.96 billion passenger
trips provided. In September of 1998, an estimated 22,884 private paratransit companies



operated more than 370,000 vehicles. The data do not include the growth attributed to the
increased spending for Medicaid transportation, airport shuttles, or transportation provided by
human service agencies, which were paid for through other, non-FTA grant programs (Lave and
Mathias 2005). This evidence showing that a small amelioration will have a much bigger impact
in a huge market.

Assisted GPS is an enhancement to the mobile phone locating ability. The devel opment
of A-GPS was accelerated by the U.S. FCC® E911 mandate requiring the position of a cell
phone to be available to emergency call dispatchers (Wikipedia, http://en.wikipedia.org/wiki/A-
GPS. Accessed December 5, 2007). Whenever the GPS signal is poor and fails to provide the
location information, A-GPS is able to obtain an approximate location based on cellular network,
which belongs to the Global System for Mobile Communications (GSM) standard.

A similar study of mobile device locating technology - Location Based Service (LBYS)
research was conducted in the SENSEable City Laboratory at Massachusetts Institute of
Technology (MIT) (Ratti et al. 2005). According to their definition, a Location Based Service
(LBS) technology enables the instant identification of an exact position.

In the locating technology by GSM network, four different approaches were considered:
cell identification, angle of arrival, time of arrival, and enhanced observed time difference. Cell
identification determines the location based on the wireless network. Usually the wireless signal
sent from a mobile phone to the nearest signal tower for communication and its location fallsinto
the cell that the tower serves. Due to the difference in the shape or size of each cell, the accuracy
ranges from 100 meters to 600 meters. The calculation of the angle of arrival depends on the
signal receiving direction. Two base stations are required at a minimum to monitor the signal
path and approximate the sender’s location using trigonometry principles. The obtainable
accuracy limits range from 50 meters to 150 meters. The time of arrival approach is such that
signals are emitted in al directions from three base stations. The signals leave each station
simultaneously and are reflected back when they reach the device, and so the distances to the
three stations are al known for positioning. The observed enhanced time difference approach is
relatively complicated. It assumes that handsets are endowed with software that locally computes
location. Three or more synchronized base stations transmit signal times to the mobile device,
whose embedded software cal cul ates time differences and, therefore, the distance from each base
station. All four approaches rely mainly on the position of the signal receiving tower, and, thus,
the accuracy of their performance is constrained.

A higher spatial accuracy level is obtainable by using the Wide Area Augmentation
System (WAAS). Unlike GPS, which only refers to the satellite system when calculating
positions, WAAS aso refers to the ground control station system to correct detected
discrepancies in the results. The calibrated accuracy is normally within 7.6 meters, 95% of the
time, according to a Wikipedia article (http://en.wikipedia. org/wiki/WAAS. Accessed July 16,
2007).

In real practice, the accuracy obtained with a GSM network ranges up to severa hundred
meters and is not sufficient to precisely describe a pickup location for the vehicle operator.
However, accuracy can be improved by retrieving GPS signals from satellites regarding existing



GSM network information. Without a GSM network, a mobile GPS device requires more
information from the satellites as well as more calculations are involved, so the locating time
becomes much longer. Under the existing GSM network, because the mobile phone is aready
approximated in a certain zone, the fina location will be obtained much faster, even if partia
GPS information is not obtainable.

With the ability of identifying a certain location, a satisfactory accuracy performance is
examined to make sure the driver will be able to find the passengers easily; otherwise, the
significance of bringing in GPS locating technology is meaningless. Rea deviation distances
based on the deviation from a control point of each device were collected and analyzed to offer
insights of the accuracy level. The most prevalent statistical model for describing probability
density is normal distribution and hence, the data were firstly tested for their normality and the
features of normal distribution probability density function were borrowed to transform the
limited discrete samples into systematic quantitative comparisons. Hypothesis tests were
conducted to determine whether the set of datais acceptable as normally distributed. In such test,
it is more useful to report the smallest -level at which the observed test result is significant and
this smallest significance level ( -level) is called the observed level of significance or the P-
value (Hardy 2007). The commonly used normality tests include the following: D’ Agoostino’s
K-sguare test, Jarque-era test, Anderson-Darling test, the Cramer-von-Mises criterion, the
Kolmogorov-Smirnov test, Shaprio-Wilk test, the Pearson’s chi-square test, and the Shapiro-
Francia test (GraphPad 2007). These tests are used depending on the features of collected data
and emphasize the weght of tals (Wikipedia, http://fen. wikipedia.org/wiki/
Global _Positioning_System. Accessed July 16, 2007).

3. METHODOLOGY

3.1 GPSFundamental Synopsis

The Global Positioning System use 24 navigation satellites that travel around the Earth - four
evenly spaced in six fixed orbits. All satellites constantly emit square waves, or enciphered codes
in different patterns. The ground GPS devices receive these codes from four satellites
simultaneously and decipher them to compute spatial positions. However, their position accuracy
depends on many factors that can impact on performance and that may accumulate to generate
larger errors in the final readings. Multiple sources of errors and their typical deviations are
listed in the Table 3.1 (Kaplan and Hegarty 2005, Wieczorek 2001). Usually, the typical
limitation of GPS measurements is around 15 meters, depending on the ultimate offsets of al of
these effects.



Table3.1 Sources of Errorson the Accuracy of GPS Signals
Source Error Range | Explanation
The ultraviolet rays from the sun ionize a portion of gas

:;r];lgcsghen ¢ + 5 meter | molecules to release free electrons in the atmosphere,
distorting the propagation of GPS broadcasts.
Ephemeris + 25 meter Thisis adifference between the expected and actual
Errors - orbital position of a GPS satellite.
Satellite + 2 meter The small inconsistency in time deviation among
Clock Errors B different satellite entities.
This distortion varies depending on the environment
Multipath within which the receiver islocated, satellite elevation

A + ST ) :
Distortion + 1 meter angle, receiver signal processing, antenna gain pattern,

and signal characterigtics.
Delay of the GPS signal waves with respect to free

Tropospheric + 0.5 meter | P propagation due to the effect of troposphere

Effects - properties, including temperature, pressure, and
humidity.

Numerical Based on the theory of relativity, the wave speed

Errors <+ 1 meter | generates adifferent frame from the Earth reference
frame.

Cumulative Thetotal theoretical errors listed above, excluding the

>+13 meter | . : .
Errors bias of the receiver device.

3.2 Criteriafor Selection of GPS Devices

The GPS devices were selected based on the following criteria: portability, reliability, accuracy,
user friendliness, durability, and compatibility.

Portability is one of the most basic requirements, and refers to the convenience with
which a device may carried by users. Generally speaking, to satisfy this requirement, a
smaller sized device without the need for a power outlet resource is preferred, so that it
can be easily transported.

Reliability ensures the successful acquirement of GPS signals free from other disturbance
factors, such as different times, various places, or inconsistent weather conditions. This
can only be determined after real testing for a period of time.

From the technique standpoint, accuracy is the core criterion of employing GPS devices.
It ensures that the passenger's exact location can be detected so that the paratransit
vehicle will arrive directly in front of the passenger with little effort. Each GPS device
was tested to retrieve position information at a control point for longitude and latitude
readings, and these data were examined with statistics principles for a quantitative
comparison.



Durability concerns the maintenance and future reoccurring costs. It includes the study
of the sustainability of the battery, the fragility of the device, and comparisons of
administration costs after the new system isimplemented.

Compatibility requires that the newly developed operating platform has a good
adaptability and, consequently, minimizes the financial expenses regarding equipment
renovations.

User friendlinessis defined such that users can easily manipulate the device. 1t would not
be beneficial to spend large amounts of time on tutoring paratransit passengers on how to
useit. Additionally, an attractive looking deviceis aplus.

Following all of these criteria, four mobile GPS devices were purchased as study
samples. They are the Motorola 1415, Gemini Gemtek, HP iPAQ hw6945 and Garmin
Forerunner 305.

3.3  Location Interpretation asan Approximation

To avoid missing a passenger who might be waiting just on the other side of a building or merely
a block away, a limited spatial deviation must be controlled to ensure a successful connection.
One format is to express position in longitude and latitude coordinates if available. With GPS
readings, the coordinate numbers will be converted to real distance scales to assess the deviation.

Theoretically, there are ways to accurately depict a certain site on the Earth’s surface to a
very exact degree if sufficient investment support and equipment are provided. However,
because the equipotential surface, also referred as mean sealevel, is an irregular surface relative
to an ideal ellipsoid surface, there is no universal mathematical formulato perform algorithms at
avery high degree of accuracy level. The local control points for surveying purposes are defined
by geodic authorities. Yet, an acceptable approximation method can be referred for the
interpretation of longitude and latitude coordinates to real distance scales. According to
Wieczorek (2007), a series of conversion factors are readily available, which are listed in Table 2
below.

Because all of the measurement experiments were performed in Miami, Florida, where
latitude is around 25 degrees north, the closest conversion factor is in the second column of
Table 3.2. Note that one minute equals approximately 2,450 meters and one second equals 41
meters. In actual service practices, a deviation of less than 20 meters is usualy enough for a
vehicle operator to see nearby passengers. According to the experiments, all of the devices tested
provided over 90% of readings falling within a circular area of 20 meters radius. The remaining
outliers that have a deviation distance more than 30 meters were not observed.



Table3.2 Uncertainty on Coordinate Precision Using the WGS84 Refer ence Ellipsoid
Precision 0 dggrees 30 d(_agrees 60 d(_agrees 85 d_egrees
Latitude Latitude Latitude L atitude
0.1 degrees 15691 m 14697 m 12461 m 11211m
0.01 degrees 1570 m 1470 m 1247 m 1122m
0.001 degrees 157 m 147 m 125m 113 m
0.0001 degrees 16 m 15m 13m 12m
0.1 minutes 262 m 245m 208 m 187 m
0.01 minutes 27 m 25m 21 m 19m
0.001 minutes 3m 3m 3m 2m
1.0 seconds 44 m 41 m 35m 32m
0.1 seconds 5m 5m 4m 4m
0.01 seconds 1m 1m 1m 1m

34  Testing the Accuracy Performance of GPS devices

The accuracy of mobile GPS devices currently on the market remains unclear and requires
further study and verification. Although all of the locating devices use exactly the same satellite
system, their accuracies may vary due to the properties of the device itself, such as different
manufacturers, different antennas, different hardware quality, and so on. Anayses were
performed to examine each device because failed connections can only be minimized by locating
passengers accurately enough. Data were collected at the same geographic control point in order
to compare these measurements on the same basis. The experiments were performed randomly to
aleviate the effects of satellite positions, weather conditions, and radio interferences. The
Gemtek device was not tested in this experiment because it provides a digital web map from the
service provider rather than offering longitude and latitude coordinates for numerical analysis.

In order to perform a quantitative measurement among these selected devices,
mathematical model in statistical studies are required to describe the results and one of the
prevalent model is normal distribution. Since norma distribution provides an idealized
probability density function and other additional numerical quantities, a hypothesis test was
examined to either accept or rgject the claim that the normal distribution is appropriately in
describing the sample data in this experiment. The results giving by statistical software SAS
show that both the Motorola 1415 phone and HP iPAQ hw6945 can be accepted as normal
distributed except Garmin Forerunner 305. The test results were shown in Table 3.3. Although
the P-values of each test are different, they still convey the information consistently, that is as
long as P-valueislarger than 0.05 in the last column, the hypothesis claim that the sample datais
normally distributed is true. All four tests support that the deviation distance distributions of
Motorola 1415 and HP iPAQ hw3945 are normal, and denied the normality of Garmin
Forerunner 305 measurements.



Table3.3

Normality Test Results Generated by SAS

Garmin Forerunner 305

Test Statistic p Value

Shapiro-Wilk W 0.911231 Pr<WwW 0.0041

Kolmogorov-Smirnov | D 0.149424 Pr>D 0.0234

Cramer-von Mises W-Sq 0.163907 Pr>W-Sq 0.0160

Anderson-Darling A-$q 1.101875 Pr>A-Sq 0.0064
Motorolai415

Test Statistic p Value

Shapiro-Wilk W 0.976319 Pr<W 0.5553

Kolmogorov-Smirnov | D 0.116439 Pr>D >0.1500

Cramer-von Mises W-Sq 0.049642 Pr>W-&q >0.2500

Anderson-Darling A-Xq 0.303094 Pr>A-Xq >(0.2500
HP iPAQ hw 6945

Test Statistic p Value

Shapiro-Wilk W 0.974343 Pr<WwW 0.4882

Kolmogorov-Smirnov | D 0.084875 Pr>D >0.1500

Cramer-von Mises W-Sq 0.053756 Pr>W-Sq >(0.2500

Anderson-Darling A-Sq 0.334323 Pr>A-Sq >0.2500

For a better visualization and comprehensive understanding, the normal plots of each
device generated by statistical software S-Plus are also shown in the graphs in Figures 3.1

through 3.3 for each device.
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Figure 3.1 Normal Plot of Garmin Forerunner 305.
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Figure 3.2 Normal Plot of Motorola i415.
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Figure 3.3 Normal Plot of HP iPAQ hw6945.

To estimate the accuracy of the selected devices, based on the experimental data, the following
formula was used to identify the probabilities that the true distance deviation distance of each
device would be at different level of significance.

X_ Za/Z,iE’rnE’)?-l_Za/Z,i (l)

Vn Vn



Because the samples size is large enough (>30) and the data are normally distributed, the
mean for the samples can be approximated equal to the mean for population because it is an
unbiased estimator. Similarly, the population variance can also be substituted by the sample
variance in the calculation. Formula 2 provides the probability that all observations will be less
than or equal to the specified distances: 10 m, 15 m, and 20 m.

0f XEX+27,5S. 2
As shown in Table 3.4, because the sample data of Garmin Forerunner 305 was rejected

asanormally distributed pattern, the normal distribution properties of confidence interval are not
applicable.

Table3.4 Devices Accuracy Comparisons
Motorolai415 HP iPAQ hw6945
X 9.38 m 11.78 m
S 4.45 °.47
Confidence Interval of 85% CI [0 m, 15.2549 m] [0 m, 19.0015 m]
population mean at different | 90% CI [Om, 16.9714 m] [0m, 21.1115 m]
level of significance 95% ClI [0 m, 20.3008 m] [0 m, 25.2040 m]
Probability of GPS 10m 55.57% 37.25%
observations within acertain | 15m 89.69% 72.24%
range 20m 99.14% 93.68%

The deviated spatial distance distribution and measurement results of each device are
plotted in Figures 5, 6, and 7, respectively. The histograms show how the 40 measurements
reside in each different distance intervals, and map graphs on the right provide an overview of
how far the measurements are away from the survey marker.

3.5 Overview of Gemtek Tracking Device

The Gemtek device is designed for the security of seniors and was most suitable for the
passengers due to its simplicity and dependability. Most of the time, it is able to successfully
connect to GPS signals near windows or under roofs, showing its reliability. However, the
device' s weakness is due to its own incompatibility because all features are already preset, and
no modifications can be made without the permission from the manufactures. Unlike the
conventional longitude/latitude coordinates that define a point in a numerical manner, the web
application only provides adigital map or, at most, an aerial image for some urban areas.

With no obtainable numerical location information, there was no way to quantify the
accuracy performance. As a result, a rough estimation was performed. Using high resolution
aeria images, an estimate of 5 meters was chosen as the minimum distance interval, and the data
were grouped into four categories (see Figure 3.4).

The Gemtek tracking device allows for instant location queries as well as traveling path

log recording. Besides the wireless GPS communication channel, a voice communication
channel is also included. A customer service phone number plus two users defined phone

10



numbers are preset. The voice communication is ssmply enabled by pressing the corresponding
speed dialing keys. Except for the two phone number limitation, this device functions the same
asaregular cell phone.

Histogram of Gemtek Tracking Device
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Figure 3.4 Histogram of Frequency of Gemtek

In case passengers cannot find the vehicle operator, they can use the voice
communication to contact with the service provider. The SOS alarm feature is also worth
mentioning. When the SOS aarm button is pressed, location information will be sent
immediately to the pre-stored phone numbers for emergency assistance. Another optional feature
is the geofencing mode which can be used to aert the designated contacts if carrier goes beyond
a predefined geographic zone.

This device uses indicator lights to tell the operating status by flashing in three colors.
The blue flash starts when the device is on. If the flash changes to green, it indicates that it is
under GSM coverage. If there is sufficient clearance, the flash finally turns to red, meaning the
GPS satellite signal is received. On the user’s side, the advantage of the signal light is that they
know to move around for a better satellite visibility. The development of the Gemtek device aims
at tracking senior people primarily for their safety; therefore, many specia functions are
incorporated into the design.

3.6 Overview of Garmin Forerunner 305

The Garmin Forerunner 305 is a multiple function electronic watch with GPS tracking capability.
This device was designed to monitor user’s physica excise condition and thereby offer training
guidance. Some basic features include stop watch, papitation measurement, calorie
consumption, and route distance calculation. Users are able to preset their excise schedules in the
watch, including running distance, heart rate, and calories consumption, and alarm reminds the
users whenever certain goal is achieved. Besides the watch component, there is a band that can

11



be worn on users' chest for measuring the heart rate and it communicates with the watch
wirelessly via Bluetooth. It has a high degree of accuracy because it is World Wide
Augmentation System (WAAYS) supported. Additionaly, the high sensitivity SiRFstarlll antenna
givesit extraordinary dependability. Figure 3.5 depicts the accuracy measurements of the device.
Note that the maority of GPS measurements fal within sx meters of the control point,
regardless of the battery level or sky conditions; the maximum distance deviation was only
eleven meters.

Yet, a lack of wireless communication channels excludes it from the candidate pool;
essentialy, no position information can be transmitted instantly via wireless. Since no wireless
communication channel means there is no way to send back location information to agency
instantly, it is inappropriate to use the Garmin Forerunner 305 in this project. The watch record
the longitude/latitude position continuously and al of the data can be later download to computer
by a USB cable. From these data logs, users can compare their excise activities on a daily base.
Neverthel ess, measurement the data from Garmin Forerunner 305 cannot be described by normal
distribution, so its higher accuracy performance is not available in a statistical expression.

Histogram of Gamin Forerunner 305 Gamin Fo‘rerunner 305
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Figure 3.5 Histogram of Frequency and Spatial Deviation of Gar min Forerunner 305

3.7 Overview of Motorolai415s

The Motorola i415 GPS enabled mobile phone is inexpensive and supports JAVA programming
capabilities. According to the selecting criteria, the mobile phone has a small portable volume
and doesn’'t break down easily. Its typica mobile phone panel design doesn’'t need extra
instructions to teach users how to operate. The battery lasts longer than 10 hours, which is
sufficient for most service span in a day. The basic features include the regular Bluetooth cell
phone, walkie-talkie and GPS navigator. The GPS locating service in thistest is offered by Boost
Mobile Company, and approximate $30 monthly service fee was charged at the time of this
research for unlimited data transfers. This does not include voice communications; however, the
voice communication makes it attractive to use. The main weakness discovered during the test is

12



that erroneous measurement readings were generated when the battery level waslow. Overdl, it
isstill an ideal option in the development of the GPS prototype.

Results from the 40 longitude/latitude readings were converted to real distance deviations

in units of meters. The results are summarized and illustrated in Figure 3.6. Outliers resulting
from low battery levels are excluded in the following analysis.

Histogram of Motorola i415 Motorola i415
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Figure 3.6 Histogram of Frequency and Spatial Deviation of i415 Motorola.

3.8 Overview of HP iPAQ hw6945

HP iPAQ hw6945 is a powerful Personal Digital Assistant that uses the Windows Mobile 5
operating platform. Its volume is slightly bigger than aregular cell phone; however, the powerful
capabilities by far exceed the other handheld devices. Many advanced technologies are
integrated into the device, making it versatile in different fields, but also resulting in an
expensive price. Due to its powerful capabilities, the PDA is ideal for use at the vehicle
operator’s terminal. The screen can not only show a driving direction instruction, but also a
digital map image displaying the path to the passenger’ s location.

Examining the feasibility of iPAQ is quite different from other devices because its
capability can provide passengers much more assistance beyond a role as a pickup connection
assistant. HP iPAQ hw6945 supports wireless internet access, so checking email, sending text
messages and reading instant news can be accomplished. The software provides even more
personalize options to satisfy different people’s interests. The complexity will tend to be less
productive since professional people have to spend a certain amount of time in instructing
passengers how to manipulate for full capability.

Although the PDA is more expensive than most mobile GPS devices, it does not
guarantee better accuracy. However, the mgjority of measurements fell within a radius of 20
meters. Only two measurements were greater than 20 meters from the control marker (Figure
3.7). The accuracy of HP iPAQ hw6945 did not have a noticeable difference in performance
compared to the other devices.
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Figure 3.7 Histogram of Frequency and Spatial Deviation of HP iPAQ hw6945.

39

The total cost of each device in operation is critical when agencies are determining whether or
not to accept them. Table 3.5 and Figure 3.8 provide both the starting and operating expenses of
the three devices. The cost of each device is a mgor influential factor that may govern the
willingness of transit agencies to adopt the new concept in real applications. The cost is not
limited to the initial investment, but also to the recurring operating costs. Higher costs are
usually associated with more functionality, so a compromise between costs and capability must

Operating Cost Estimations

be bal anced.
Table3.5 Operational Cost of Each Device
Device Motorolai415 Gemtek HP iPAQ hw6945
Device Cost ($) 40 400 600
Monthly Fee ($) 10 20 50
First Year Cost ($) 160 640 1200
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Figure 3.8 Total Cost of Each Devicefor a 12 Month Period

4. GPSPROTOTYPE

After al of the devices were tested for their specific functionalities, a GPS prototype was
developed to explore the feasibility of integrating multiple devices as a complete working
system. One of the best possible solutions is the combination of the GPS enabled Motorola i415
cell phone and the HP iPAQ hw6945 Persona Digital Assistant. This prototype connects the
passenger, vehicle operator, and the agency dispatcher together via a central computer. To
synchronize these devices, separate programs, namely, iTrack and LocateY ou, were created. The
iTrack application was written in JAVA for the Motorola i415, and the LocateY ou application
was written in C# for the HP iPAQ hw6945. The web application prototype was developed in
ASP .Net.

No prior knowledge is required to operate the system. Once the devices are turned on,
iTrack and LocateYou programs are automaticaly initiated and position information is
continuously acquired from satellites and sent to the server. The server trandates the position
coordinate numbers to point marks on the Microsoft Live Map and Google Map, so that the
agency dispatcher will be able to track both the passengers and vehicles by viewing such maps.
The HP iPAQ hw6945 uses Google Map as a background to indicate locations on its screen.
Likewise, the central server computer screen employs Google Earth, including a three-
dimensional view, and Microsoft Live Map to display locations. Consequently, both the agency
dispatcher and the PDA carrier are able to view the carrier’ slocation in digital map form.

It is essential to know how the iTrack and LocateY ou programs work with each other.
Basically, the mobile device must be GPS enabled and support JAVA to run this program. The
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iTrack program isa J2ME Midlet (Wikipedia Encyclopedia, http://en.wikipedia.org/wiki/MIDIet.
Accessed March 10, 2007; Microsoft 2007) application that supports any J2ME platform of
mobile phones. The iTrack has three basic steps in its running thread. First, it communicates
with the internal GPS device through a serial port and acquires the GPS signal. |If the GPS signal
is successfully connected, the screen displays a message reading “My GPS:On.” Once the signal
connection succeeds, the location queries are made automatically every a few minutes,
depending on how the program is defined.

In the second step, an HTTP request is formed and is sent to the server describing the
current status of the device. In the case wherein a GPS signal is obtained, this HTTP request
includes the current longitude and latitude coordinates. Additionally, moving speed and time
information are also appended to the request and sent to the server. On the other hand, if a GPS
signa connection fails to connect, an HTTP request describing the current failure status is sent to
the server. The server stores all of these datato a database as an activity log for future reference.

In the last step, the server produces three similar location data packages for the
dispatcher, the passengers, and the vehicle operator upon receiving the HTTP request. For the
dispatcher, the locations of all mobile devices are marked in Internet map services, specifically,
Google Earth and the Microsoft MapPoint web service (Microsoft 2007). Similar data packages
are also sent to the vehicle operator and the passenger.

A detailed data flow of the prototype is summarized in Figure 4.1. The central server
functions as a hub to effectively maintain communications among the dispatcher, vehicle
operator, and passenger. All information from these three parties are initially received, modified,
and shared in the central server.

Figure4.1 Graphical Display of the Prototype
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During the pickup process, both the geographical locations of the Motorola 1415 and the
HP iPAQ hw6945 are obtained from satellites and sent to the nearest wireless signal tower. The
central server combines the internet map service and location information from the GPS devices
to generate an individual data package for the dispatcher, the vehicle operator, and the passenger.
From the PDA screen, the vehicle operator is able to see driving directions as well as the
passenger’s location on a digital map. Similarly, the passenger receives the waiting time and
vehicle distance. Therefore, pickups can become more punctual and predictable with the aid of
this new approach. At the same time, a service log of al activities is recorded into the system
database.

In the historical log, two types of tracking logs are available: real time tracking and
historical tracking. Real time tracking means the indicated |ocation markers shown in the iPAQ
screen are automatically refreshed as updated information is received. Thisis very helpful in the
middle of the service task when the vehicle operator can not find a passenger on local streets.
Historical tracking, as the name suggests, is the tracking log of the previous services. These
datasets are readily accessible whenever evaluation or references for past services are required.

If the Motorola 415 is used by the driver as an option, driving instructions are provided.
An example of the data packages received by the device is shown in Figure 4.2. The screen
presents the estimated driving time and distance. By clicking the “Directio” button, detailed
directions are displayed. Sometimes the other device is not connected to the GPS signal and the
screen displays the text Tracked “GPS:Off.” Upon seeing this message, users know to move
around to restore a better GPS signal reception. The dispatcher will also be aware of the status of
the mobile GPS devices outside, and such information may assist her or him in taking actions
such as calling the user or operator if necessary. The downside is that only verba instructions
lacking a map image are delivered.

Figure4.2 Screen Capturesof Motorolai4l5

The HP iPAQ hw6945 device was also considered for use by the paratransit driver
because complex images on a bigger screen provide a more detailed passenger |ocation map. The
LocateY ou program works differently from iTrack by integrating the Google Map application as
the mapping template. Hence, direction is provided and users can switch to a digital map image
that is returned by the server. Screen captures of the PDA are shown in Figure 4.3. The first
screen depicts the passenger’s location in longitude/latitude coordinates, and the second screen
shows where the passenger is waiting at on adigital map.
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Figure 4.3 Screen Capturesof HP iPAQ hw6945

The dispatcher’s computer shows the vehicles and passengers information, such as
route path travel distance, direct distance, and estimated driving time. Examples of the
dispatcher’s computer are shown in Figure 4.4. The digital map image updates whenever a
device reports a new location. With the aid of the tracking platform, it is expected that the
occurrence of missed trips will be avoided in some situations.

Figure 4.4 Device Locations Map for Dispatcher
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For demonstration purposes, in this prototype the passenger carries the Motorola 1415
mobile phone and the driver carries either another Motorola 1415 mobile phone or the HP iPAQ
hw6945. The only thing that they need to do is turn on the mobile GPS devices and ensure their
work statuses are active. Because the locations of all mobile devices are known instantly, the
vehicle operator can arrive in front of the passenger by following the driving directions.

To make sure the above steps work successfully, the mobile devices have to be installed
with the coded programs. Downloading sites and detailed information are available at URL.:
http://gps.transpo.|ctr.org

5. CONCLUSIONS

Missed trips commonly occur among al paratransit agencies, and advanced GPS
technology may be used to relieve such problems in the future. This is a completely new
paratransit pickup concept compared with the current operation method. GPS offers an accurate,
fast, dependable, and feasible aternative to avoid missed pickups that the pickup requests at
large and ambiguous locations or inability to find the road path. This project presents a potential
solution regarding the use of GPS tracking technology in mitigating the missed pickup problem,
in addition to providing help for further service improvements. However, a variety of GPS
mobile devices with different features are optional, and future models should have higher design
standards. Agencies will have the freedom to decide among the most suitable technology based
on their desired functionalities.

The accuracy performance is the key factor of determining whether the current GPS
technology is mature enough to be introduced to the real world applications. Assisted GPS relies
heavily on the cellular network density and the accuracy is not sufficient to direct the vehicle
operator to the passengers. Nevertheless, the regular GPS provides a satisfactory performance.
With the confidence interval analysis and ANOVA test, the spatial deviation distance of current
civilian mobile GPS device is small enough for vehicle operators to be able to visualy see
nearby passengers. Moreover, the WAAS technology provides more superior accuracy
performance. As the development of electronic industry going on, it is reasonable to believe
future WAAS supported mobile tracking device will enhance the new pickup concept.

After examining the features of four GPS mobile devices, two of the devices are
considered to be less suitable than their counterparts. The Gemtek device has a good design in
many respects, but losses its candidacy due to poor compatibility. It is not programmable and,
hence, cannot be coded to work with a peer device. The Garmin Forerunner 305, by taking
advantages of WAAS, achieves the best accuracy performance among all of the devices, but it
has no wireless channel to communicate with a server. Hence, the device has no way to inform
other receptors the location information. On the other hand, the two programmable GPS devices,
the Motorola 1415 and the HP iPAQ hw6945, may be readily used in the development of a
computer controlled pickup system.

The prototype integrates these two devices together and synchronizes them by installing
the iTrack and LocateY ou programs. Simulations were performed to show that this prototype can
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be applied in the real world. Bringing GPS technology into the paratransit industry is a feasible
solution that can help improve the conventional pickup procedure for a better level of service as
well as reducing the agencies operating costsin the long run.

ACKNOWLEDGEMENTS

This research project is funded by the Federal Transit Administration (FTA) as part of the
National Center for Transportation Needs of Specia Population (TRANSPO). The contents of
this study convey the views of the author and do not necessarily reflect the official views or
policies of the FTA.

REFERENCES

Matthias, R. G., and R. E. Smith, “Practices in No-Show and Late Cancellation Policies for ADA
Paratransit.” TCRP Synthesis of Transit Practice, No. 60, Transportation Research Board,
National Research Council, Washington, DC, 2005, p. 57.

Lave, R, and R. Mathias, “State of the Art of Paratransit,” In Transportation in the New
Millennium, Transportation Research Board, National Research Council, Washington, DC, 2005,

p. 7.

Ratti, C., R. M. Pulsdlli, S. Williams, and D. Frenchman, “Using Location Data from Cell-Pones
for Urban Analysis.” Environment and Planning B, 2006, 33(5), pp. 727 — 748.

Hardy M., Normality Test, Wikipedia Encyclopedia. August 17, 2007. http://en.
wikipedia.org/wiki/Normality test. Accessed November 15, 2007.

GraphPad. Normality Tests — Data Analysis and Biostatistics Software Resources. http://
www.graphpad.com/library/BiostatsSpecial/article_197.htm. Accessed Nov- ember 15, 2007.

Kaplan, E. D., and C. Hegarty, Understanding GPS Principles and Appli-cations. Performance
of Sand-Along GPS, Second edition. Artech House, Inc., Norwood, MA, 2005.

Wieczorek, J., MaNISHerpNet/ORNIS Georeferencing Guidelines, The Regents of the
University of California, University of California, Berkeley, CA, September 2001.
http://manisnet.org/Georef Guide.html. Accessed July 28, 2007.

Microsoft ~ MapPoint.  Microsoft MapPoint web  service.  http://www.microsoft
.com/mappoint/products/webservice/default.mspx. Accessed March 10, 2007.

20



APPENDIX A.

The measurements of the GPS readings of each device are listed in the tables below.

GPS READINGS

longitude and latitude of the control point is (W80.36888889, N25.76909091).

Garmin Forerunner 305

Trial | Longitude Latitude Deviated Deviated Spatial Deviate
Distancein N-S | Distancein E- Distance to
Direction W Direction Control Point
1 80.36888333 | 25.76908333 0.817109 -1.11382 1.38140247
2 80.36886667 | 25.76911667 3.265496 3.785888 4.99964102
3 80.36886667 25.76915 3.265496 8.684132 9.27780159
4 80.3689 | 25.76911667 -1.63275 3.785888 4.1229618
5 80.3689 | 25.76911667 -1.63275 3.785888 4.1229618
6 80.36888333 25.7691 0.817109 1.336032 1.56609289
7 80.36895 25.7691 -8.98085 1.336032 9.07968104
8 80.36886667 | 25.76906667 3.265496 -3.56221 4.83247509
9 80.36886667 | 25.76911667 3.265496 3.785888 4.99964102
10 | 80.36888333 | 25.76908333 0.817109 -1.11382 1.38140247
11 | 80.36886667 | 25.76913333 3.265496 6.234275 7.03773021
12 80.3689 25.7691 -1.63275 1.336032 2.10970276
13 | 80.36893333 | 25.76906667 -6.53099 -3.56221 7.4393011
14 | 80.36891667 | 25.76911667 -4.0826 3.785888 5.56781887
15 80.3689 | 25.76906667 -1.63275 -3.56221 3.91857362
16 | 80.36893333 | 25.76913333 -6.53099 6.234275 9.02884444
17 80.36885 | 25.76906667 5.715352 -3.56221 6.73458271
18 | 80.36886667 | 25.76908333 3.265496 -1.11382 3.45022722
19 80.3689 | 25.76908333 -1.63275 -1.11382 1.97647959
20 | 80.36883333 | 25.76913333 8.165209 6.234275 10.2731114
21 | 80.36888333 | 25.76911667 0.817109 3.785888 3.87306277
22 80.36885 25.7691 5.715352 1.336032 5.8694319
23 80.3689 | 25.76908333 -1.63275 -1.11382 1.97647959
24 | 80.36888333 25.7691 0.817109 1.336032 1.56609289
25 | 80.36886667 | 25.76908333 3.265496 -1.11382 3.45022722
26 | 80.36888333 | 25.76908333 0.817109 -1.11382 1.38140247
27 | 80.36893333 | 25.76908333 -6.53099 -1.11382 6.62528892
28 | 80.36883333 | 25.76911667 8.165209 3.785888 9.000199
29 80.3689 25.7691 -1.63275 1.336032 2.10970276
30 | 80.36886667 25.7691 3.265496 1.336032 3.52823498
31 | 80.36886667 | 25.76908333 3.265496 -1.11382 3.45022722
32 80.3689 25.76905 -1.63275 -6.01207 6.22983407
33 | 80.36886667 | 25.76911667 3.265496 3.785888 4.99964102
34 | 80.36886667 25.7691 3.265496 1.336032 3.52823498
35 80.3689 25.7691 -1.63275 1.336032 2.10970276
36 | 80.36888333 25.7691 0.817109 1.336032 1.56609289
37 | 80.36886667 25.7691 3.265496 1.336032 3.52823498
38 | 80.36886667 25.7691 3.265496 1.336032 3.52823498
39 | 80.36888333 | 25.76911667 0.817109 3.785888 3.87306277
40 80.3689 | 25.76908333 -1.63275 -1.11382 1.97647959
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Motorolai415 GPS Enabled mobile Phone

Trial | Longitude Latitude Deviated Deviated Spatial Deviate
Distancein N-S | Distancein E- Distanceto
Direction W Direction Control Point
1 80.36882667 | 25.76920533 9.144465521 16.81602887 19.14157978
2 80.36891733 | 25.76919467 -4.180089149 15.2484342 15.81100537
3 80.36885333 25.769184 5.22547885 13.68083954 14.64482843
4 80.36887 25.769184 2.776112179 13.68083954 13.95966222
5 80.36881067 | 25.76917333 11.49585752 12.11324487 16.69986352
6 80.368896 25.769152 -1.044899822 8.978055542 9.038655705
7 80.368944 | 25.76914133 -8.099075821 7.410460871 10.97770283
8 80.36887467 | 25.76913067 2.090289522 5.842866199 6.205513332
9 80.36898133 | 25.76913067 -13.58565715 5.842866199 14.78881894
10 | 80.36885333 25.769138 5.22547885 6.920587542 8.671802647
11 | 80.36887467 25.76912 2.090289522 4.275271542 4.758913431
12 80.368896 | 25.76902133 -1.044899822 -10.22498402 10.27823496
13 80.368944 25.76912 -8.099075821 4.275271542 9.158219036
14 | 80.36886122 | 25.76910667 4.066438539 2.315778199 4.67961014
15 80.368896 | 25.76910667 -1.044899822 2.315778199 2.540599202
16 | 80.36882667 | 25.76909867 9.144465521 1.140082199 9.215261097
17 80.3689152 | 25.76909867 -3.866570221 1.140082199 4.031147814
18 | 80.36885333 25.769088 5.22547885 -0.427512458 5.242937737
19 80.368896 25.769078 -1.044899822 -1.897132458 2.165854843
20 80.36896 25.769 -10.45046782 -13.36016846 16.96190965
21 | 80.36882667 | 25.76907733 9.144465521 -1.995107129 9.359578096
22 | 80.36887467 | 25.76907733 2.090289522 -1.995107129 2.889595602
23 80.36896 | 25.76907733 -10.45046782 -1.995107129 10.63920721
24 | 80.36878933 | 25.76906667 14.63104685 -3.562701801 15.05856487
25 | 80.36896333 | 25.76906667 -10.93985128 -3.562701801 11.50535485
26 | 80.36894933 | 25.76906667 -8.882868255 -3.562701801 9.570694466
27 | 80.36887267 | 25.76905333 2.384164524 -5.522195129 6.014888156
28 80.368944 | 25.76905333 -8.099075821 -5.522195129 9.802533764
29 80.368896 | 25.76904533 -1.044899822 -6.69789113 6.778905606
30 | 80.36888267 | 25.76904533 0.914544526 -6.69789113 6.760039739
31 | 80.36887467 | 25.76903467 2.090289522 -8.265485801 8.525700312
32 | 80.36895823 | 25.76902133 -10.19034508 -10.22497913 14.43583496
33 | 80.36889617 | 25.76909867 -1.070030323 1.140072412 1.563563237
34 | 80.36891733 25.76912 -4.180040167 4.275271542 5.979187449
35 | 80.36882667 | 25.76913067 9.144465521 5.842768234 10.85169067
36 | 80.36882667 | 25.76906666 9.144466492 -3.563681538 9.814331028
37 80.36896 | 25.76909867 -10.45046782 1.140082111 10.51247187
38 80.3688311 | 25.76909867 8.49293398 1.140072412 8.569112713
39 | 80.36894418 25.76916 -8.126219702 10.15375154 13.00515732
40 | 80.36891733 | 25.76907733 -4.180040167 -1.995112023 4.631760765
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HP iPAQ hw6945

Trial | Longitude Latitude Deviated Deviated Spatial Deviate
Distancein N-S | Distancein E- Distance to
Direction W Direction Control Point
1 25.76902385 | 80.36898708 -15.619524 -9.684036 18.37797821
2 25.76907135 | 80.36888848 -1.066163995 -2.673036 2.877816381
3 25.76911808 | 80.36888875 -1.105524 4.224803995 4.367053024
4 25.76916907 | 80.3687937 12.923856 11.749944 17.46674664
5 25.76907538 | 80.36879373 12.918936 -2.077716005 13.08494598
6 25.76908438 | 80.3688954 -2.087064001 -0.749316005 2.217500985
7 25.76905998 80.368875 0.923975999 -4.350756005 4.44778703
8 25.76904353 | 80.36894462 -9.351936 -6.779268 11.55063555
9 25.769134 | 80.36885365 4.075235998 6.574104 7.734752216
10 | 25.76904198 | 80.36880198 11.701728 -7.008048 13.63976448
11 | 25.76915068 | 80.36897128 -13.287444 9.036563995 16.0690901
12 | 25.76912142 | 80.36887408 1.059276005 4.716804005 4.834284401
13 | 25.76911098 | 80.36900398 -18.113964 3.176843995 18.39043309
14 | 25.76912938 | 80.36890252 -3.137976002 5.892192 6.675688725
15 | 25.76917487 | 80.36891315 -4.706964 12.606516 13.45658782
16 | 25.76913067 | 80.36892262 -6.104736002 6.082596 8.617759323
17 | 25.76912343 | 80.36895325 -10.625724 5.013972 11.74929469
18 | 25.76908183 | 80.36886422 2.515595995 -1.125696005 2.755977995
19 | 25.76906247 | 80.36893112 -7.358844006 -3.984215995 8.36818751
20 | 25.76912343 | 80.36895325 -10.625724 5.013972 11.74929469
21 | 25.76904492 80.368916 -5.127624001 -6.574595995 8.337735927
22 | 25.76910935 | 80.36893638 -8.136203997 2.935764 8.64965466
23 | 25.76914353 | 80.36878462 14.26455599 7.981223995 16.34556497
24 | 25.76904198 | 80.36900198 -17.818272 -7.008048 19.1468941
25 | 25.76904353 | 80.36894462 -9.351444005 -6.778776005 11.54994845
26 25.769134 | 80.36895365 -10.684764 6.574104 12.54523914
27 25.7691615 | 80.36885413 4.003896004 10.633104 11.36195775
28 | 25.76913067 | 80.36892262 -6.104244005 6.082104005 8.617063537
29 | 25.76912938 | 80.36890252 -3.137484005 5.892683995 6.675891742
30 | 25.76912343 | 80.36895325 -10.625724 5.014463995 11.74950466
31 | 25.76908225 | 80.36871963 23.856096 -1.064196 23.87982055
32 | 25.76917487 | 80.36891315 -4.706964 12.606516 13.45658782
33 | 25.76913067 | 80.36892262 -6.104736002 6.082596 8.617759323
34 25.768964 | 80.36896198 -11.914764 -18.517896 22.01985634
35 | 25.76901388 | 80.36896268 -12.01808399 -11.155116 16.39728502
36 | 25.76904198 | 80.36900198 -17.818764 -7.007556005 19.14717189
37 | 25.76897925 | 80.36885727 3.541415995 -16.266996 16.64802649
38 | 25.76899657 | 80.36881767 9.386375994 -13.71105599 16.61617016
39 25.7691348 | 80.36886692 2.117075994 6.692184 7.019069557
40 | 25.76912052 | 80.36879162 13.23135599 4.583964005 14.00291068
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APPENDIX B. SASSCIPTS

SAS code script to run the normality test for the sample datais listed below.

data tenp;

infile 'D:\yuanquan\garm n.txt"';
nput a;

nfile 'D:\yuanquan\ hp. txt'

nput b;

nfile 'D:\yuanquan\i 415.t xt
nput c;

run;

proc univariate normal plot data=tenp; /*normality test*/;
var a;

var b;
var c;
run;
proc capability data=tenp ; /*hi storgram and qq plot*/;
histograma / cfranme = ligr
cfill = blue
| egend = | egend?2;
gqpl ot a / normal (nmu=est signa=est col or=yellow | =2 w=2)
square
cfranme = ligr
| egend = | egend?;
histogramb / cfrane = ligr
cfill = blue

| egend = | egend?;
gqpl ot b / normal (mu=est signa=est col or=yellow | =2 w=2)

square
cfranme = ligr
| egend = | egend?;
hi stogramc/ cframe = ligr

cfill = blue
| egend = | egend?2;
gqpl ot ¢ / normal (mu=est signa=est col or=yellow | =2 w=2)

square
cfranme = ligr
| egend = | egend?2;
run;
quit;
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APPENDIX C. GLOSSARY

Cool Start

DPGS

GPS

GSM

Hot Start

Paratransit

PDA

Cool start occurs when a GPS device initiates without any memory about
Ephemeris data, such as a completely new start. For more information, referred to
hot start.

Differential Global Positioning System is an enhancement to GPS that uses a
network of fixed ground based reference stations to broadcast the difference
between the positions indicated by the satellite systems and the known fixed
positions. These stations broadcast the discrepancy between the measured satellite
pseudoranges and actual pseudoranges, and receiver stations may correct their
pseudoranges by the same amount.

Developed by the United States Department of Defense, Global Positioning
System is currently a full functional Global Navigation Satellite System (GNSS).
More than two dozen GPS satellites are in medium earth orbit, transmitting
signals allowing receivers to determine their locations, speeds and moving
directions.

Global System for Mobile communication is a digital mobile telephony system
that is widely used in Europe and other parts of the world. GSM uses a variation
of time division multiple access and is the most widely used of the three digita
wireless telephony technologies.

A Warm or Hot Start state occurs when a GPS unit has some knowledge of the
current Ephemeris data, where only a minor update is required for a warm start
and possibly no update for a hot start, which means a nearly current set of
information is currently present in the unit.

Paratransit serves as a complementary public transportation for people with
gpecial needs, such as disable or seniors. Paratransit services may vary
considerably on the degree of flexibility they provide their customers.

Also known as pocket computers or palmtop computers, Personal Digital
Assistants are handheld computers that have both color screens and audio
capabilities, enabling them to be used as mobile phones (smart phones), web
browsers, or portable media players. Many PDASs can access the Internet, intranets
or extranets viaWi-Fi, or Wireless Wide-Area Networks.

SiRFStar |11 Receiver

SiRFstar 1ll is the latest GPS microcontroller chip manufactured by SIRF
Technology. It is distinguished from earlier SIRF chips and other brand chipsets
largely due to its faster Time to First Fix and its ability to acquire and maintain a
signal lock in urban or densely covered forest environments.
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WAAS

Wi-Fi

Acronym of Wide Area Augmentation System, it is an extremely accurate
navigation system developed for civil aviation by the Federal Aviation
Administration (FAA), a divison of the United States Department of
Transportation (DOT). The system augments the GPS to provide the additional
accuracy, integrity, and availability within the WAAS coverage area.

A brand originaly licensed by the Wi-Fi Alliance to describe the underlying
technology of wireless local area networks (WLAN) based on the IEEE 802.11
specifications. It is currently used for mobile computing devices, Internet and
VolP phone access, gaming, and basic connectivity of consumer electronics.
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APPENDIX D. AGENCY SURVEY

1. Pleasefill out the following information

Full Name of Transit Agency:
Address:

Contact Person:

Phone Number:

Email:

2. What technology does your agency currently use to communicate between the dispatch
center and the vehicle operator? (e.g., telecommunication, walkie-talkie or wireless
internet, etc.)?

3. How interested is your agency in applying new technology, such as GPS, to minimize the
numbers of connection failures when picking up passengers?

4. How would you rate your agency® service performance? Please use a 1 to 5 scale, with 1
being the poorest and 5 representing the best.
G @ 6 @ @
On-Time Performance:
Availability in the Community:
Cleanliness and Comfort:
Service Time Span:

5. How many minutes is a passenger instructed to wait prior to the arrival of the paratransit
vehicle?

6. How many minutes is the time window your vehicles are scheduled to arrive at the
appointed pickup time?

7. If a driver has difficulty finding the address or pickup location, how much time in
minutes is she/he instructed to spend trying to find the passenger before leaving without
picking up the passenger?

8. How many no-shows occurred during the most recent fiscal year? And what were the
total passenger trips for that year?

Number of no-shows:
Total number of passenger trips:

9. Among al the no-shows, please give an estimation of the percentage that are due to
connection failures?
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10.

11.

12.

13.

14.

15.

What is the approximate financial loss per month due to no-shows? And what is the
average cost of each no show? (Answer as many as possible)

$ Per Year
$ Per Month
$ Per Trip

Approximately how many passengers had their paratransit privileges suspended in the
most recent fiscal year? And how many passengers did you carry last year?

Suspended number:
Total passengers:

What is the average hourly salary of a paratransit vehicle operator in your agency?

Other than the funds from your own agency, are there other agencies that share the
paratransit cost? Please provide arough estimation for each and answer al that possible.

Hospitas, % they share:
Rehabilitation Clinic(s), % they share:
Insurance agencies, % they share:
Other, please specify: %

In general, what are the main purposes for paratransit trips? Please provide an estimated
percentage for each type of trip.

Shopping %

Medical trip %

Visiting %

Working %

Other, please specify: %

The box below isfor any additional comments.
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