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Executive Summary

Personal travel and how it changes is of continuing concern to transportation planners and policy
makers. Transportatigerofessionals and other users of theemi#d data surmise that people

likely omit very short trips, like stopping at the post office or video store, using self-reported
methods. Also, someath of interest such asute choice and travel by highway functional class

are not accessible using traditional traveley methods.

This research idea originated within the Office of Highwagrmation Management and the

field test was further supported by the Office of Technology &pfidin, both offices of the

Federal Highway Administration. The plan focused on an aattxidata collection device that
incorpoiated sdtreported information and Global Positioning System (GPS) information for the
collection of personal travel data. This devadkers a more robustada ®urce for defining

personal travel than current methods, which rely on telephone interviews and daily travel diaries.

The Lexington Area Metropolitan Planning Organization, the principal planning agency for a
two-county area in central Kentucky, volaared to participate by hosting the field test. Fayette
and Jessamine counties encompass an area of apatelyit6l squareniles with a total

population of approximtely350,000. A presolitation letterfrom the Lexington MPO, with an
enclosed copy of an article from the local newspaper describing the study, was sent to
approxinately 1,300 households with listed telephone numbers. Once the telephone interviewers
determined that there was an eligible driver intthasehold, 67% of those eligible consented to
participate in the field test.

The sample comprised 100 households. The average household size was 2.94 persons, with an
average of 2.17 vehicles. There were 216 licensed drivers (100 male, 116 female) in the
households with ages ranging from 16 to 77 years. The averagatestinanualmiles driven

was 13,118 per respondent. This average is believed to be higher than a typical average for the
area because the sample selegpimtess excluded individuals that drove less than 3 days per
week.

This research pregt onfigured the automaticada collection device and deployed the devices

in the Lexington MPO planning area to record information about the personal travel behavior of
the 100 respondents. In addition, these respondents patetim a post-usage interview that
mimicked the ecall interview of the National Personal Transportatiorv®y (NPTS) and

explored their attitudesaut learning and using the automatatalcollection device.

The field test equipment successfully captured both the GPS data fareghegked information

from approxinately85% of the respondents. The respondents were eager to use the new
technology, found it easy to install in their vehicle and use, and expressed a preference for the
automatic data collection device over more traditionahows. Respondents had only a few
concerns over the using the device, mostly related to the security of the vehicle while the device
was installed, and expressed iingness to use the device ag&m smilar purposes.



The recall survey in Lexington captured mostly até/vehicle driver trip691.5%), and some

walk, bike, and trips by other modes. The preponderance of driver trips compared to passenger
trips is largely due to the sample selectiwacess and the recall interview procedure. Only

drivers who drove at least three days a week were eligible to paricipthe srvey. Also, in

order to compare thecall day with machine-recordedtd, the recall day wdisiited to those

days where the selected drivdenve the vehicle which had the equipment installed.

The results indicate that the Lexingtonpesdents take more trips of shorter distances than past
national estimates would suggest. The GPS data reveal comptexchoice decisions and,

when combined with Geographic Information System (Gl8estmaps, permit summaries of

usage by highway functional class. As a measure of respondent burden, api@igXiad%o of

the respondents reported that entering trip information took 1.0 minute or less per trip, and over
95% reported 2 minutes or less.

The data retrieveffom the devices provide several insights on personal traval drip start
times, in minutes past the hour, and trip distances both show radically different distributions
when measured by the data collection device versus recall interviews. Theseresides
insight to the real distributions of personal travel start times and trip distances, which vary
substantially from the distributions based enall interviews.

Matching recall trips to machine-re@ed trips for trip-to-trip comparison is a difficult task due
to a number of factors. Variations in travel start times, durations, distances, and destination
addresses between machine-recordsd dnd recall data all serve wnéound the process. The
methodology employed hereamched pproximately61% of the ecall trips with machine-
recorded trips. Overall, theath suggest that the number of machinemed trips egeeds the
number of recall trips; that is, the recall data liketgerestimte the total number of trips. Trip-
to-trip comparison of recall and machine-recordathghows that the recall estimates generally
overstate both travel time and travel distance as compared to the travel measureoreiets rec
by the data collection device.

This was a successful “proof of concept” pid} Alrealy, other pragcts in the field, and in the
planning stages, have built on this pijs experience. In particular, use of GPS withdaheld
computers is gaining much wider acceptance in the field.

Using GPS technology with small hand-held computers tedgllersonal travel data is a

functional reality and has significant potential for future apion in travel srveys. Advances

in both the hardware and software are expectedpoowe these capdiies and make them

available to more users as implementation costs decline. Smaller and even more lightweight units
with extended battery operating cajtities would also make it possible to use tt@shnology to

capture non-vehicle trips.
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Global Positioning Systems for Personal Travel Surveys
Lexington Area Travel Data Collection Test

1. Introduction

This report describes the development and field test of an atgdrdata collection device that
includes Global Positioning System (GPS) technology for theat@h of personal travel data.

The development and field test are the result of the efforts of two Federal Highway
Administration offices. The idea origited within the Office of Highwalnformation

Management and the field test was further supported by the Office of Technologyafippli

The resulting travel survey methodology offers a more rolatst glurce for defining personal
travel than current methods, which rely on telephone interviews and daily travel diaries. While
this technology is not exgeted to gpplant current ata collection métods, this proof-of-concept
development, field test, and subsequent analysis of collected data demonstrate thatahcha
has merit with respect to more clearly defining personal travel bmhavi

1.1 Background

Personal travel and how it changes is of continuing concern to transportation planners and policy
makers. Information about daily traveltperns and tripurposes, time of day decisions, mode
choice decisions, and trip chaining decisions are generally captured using self-reported
information using a telephoneaall method, or some kind of diary.

Transportatiorprofessionals and other users of theemitd data surmise that people likely omit
very short trips using self-reported methods. The current trend éctod this type of data is to

use an activity, rather than a travelrgiigo attempt to both capture thede# trips as well as to
identify at-homeactivities that are substitutirigr traditional at-worlactivities. Nonetheless,
self-reporting is used for this as well. Other problems with self-reporting include the tendency to
round travel times to 10, 15 and 30 minute intervaisil&d tendencies toound may be

occurring in reporting trip distances as well. It may be that overall, VMT reporting is fairly
complete using skfeporting methods, but that people reeqglto rgport the short stops made

during a journey, like stopping at the post office, ATM, or video store.

This progct onfigured an automaticada collection device that collectedfselported

information along with automatically recording GPS position information. These devices were
deployed for a field test in Lexington, Kentucky, to record information about the personal travel
behavior of a group of 100 volteer repondents . In addition, the respondents pa#teig in a
post-usage interview that mimicked treeall interview of the National Personal Transportation
Survey (NPTS) and explored thaititudes &out learning and using the automatic data

collection device. This port describes the equipment aaxdivities associated with the

Lexington Area Travel Data Collection Test and the data that were retdevied the field test.

1-1



1.2 Objectives

The objectives of the researpfogram weretated as follows.

1.

Develop a method and hardware to inagiGPS tdmology with self-reported
travel behavior to improve travel behaviatal.

Document the differences between self-reported travel and GPS recorded travel
and document the pros and congath mditod.

Determine the potentifdr using GPSechnology with regional and national
travel behavior surveys, with particular regard to ecibje reponses to privacy.

1.3 Project Organization

The research pre¢t was ondwcted in three phases.

Phase Onanvestigated available off-the-shelf” GPS hardware amelchnology,
Personal Digital Assistants (PDAS) or other “palm top” computers, and other equipment
that could be used for personal travel behavior surveys.

Phase Twotested and evaluated several GPS unitityato capture travelriformation
in rural, suburban, and urbaetsings, as well as easé-use, lattery life, sathite
collection characteristics and other features of the devices.

Phase Threeacquired several “hand-held” units and configured them into self-contained
data collection devicdsr recording personal travel information. A field test including
100 households was coredad in Lexingbn, Kentucky, with the cooperation of the
Lexington Area Metropolitan Planning Organization.

1.4 Organization of this Report

Section 2orovides an overview description of the field testadcollection deviceanfigured for
the Lexington Area Travel Data Collection Test. This discussion includes both the hardware
specifics and the software interface.

Section 3 describes the activities associated with the field test, including preparations, recruiting
household respondents, irdetions with théhouseholds, ata collection device placement and
retrieval, data retrieval, post-usage\eys, and dtabase compilatn. The chaacteristics and
demographics of the 100 households that velered to participate in the field test are also
included.

Section 4 regunts $atistics on equipment germance and hardware and/or software problems
experienced during the field test.



Section 5 presents the personal travel data that were coltkaiad the field test. The
presentation includes daihousehold travelkatistics, overall travel time and distance
information, and general comparisons of teeall interview data with NPTS results. Specific
trip-to-trip comparisons between the Lexington recall and the machine-recatdealrd
discussed.

Section 6 focuses on the GPS data that were colléct@ay the field test, the base map files
that were used in the analyses, and the map-matptocgss that integrates the GPS data with
the GIS environment.

Section 7 summarizes the pesdentattitude data that were collected at the end of each
household’s participation in the field test. Theatadaldress the installation of the data
collection equipment, use of the data collection equipment, and general concerns and issues
about the dta collectiorprocess.

Section &rovides a brief summary of the findings of the field test and overall conclusions from
this research preft.

Appendix A recounts thactivities in Phase One and Phase Two of the respap@tt by
presenting a technical paper that was prepared for the National TraticAdquisition
Conference held May 5 - 9, 1996.

Appendix B contains copies of the questionnaires that were used during the general recruitment
of households and interviews of respondent households after completion of their participation.

Appendix C is a copy of the installation/operating instructions that were prepared for the data
collection device angrovided toeach regondent household in addition to an instructional video
tape.

Appendix D contains several items from the correspondence with the respondents, including the
presolicitation letter, newspaper articleformed consent papers, and thank yaitelsfor the
respondents.



2. Field Test Data Collection Equipment

This sectiomprovides an overview description of the field testadcollection deviceanfigured
for the Lexington Area Traveld&a Collection Test.

2.1 General Degription

Figure 2.1 is atilustration of the onfigured field test dta collection device. The data collection
device was envisioned and configured as a “plug-and-play” concept that required minimal effort
to install in the household vehicle. The coetptl unit consisted of the following individual

items.

Figure 2.1. Lexington Field Test Equipment

u Hand-held computer - The hand-held computer is a Sony® MagicLink PIC-2000 personal
digital assistant, with a backlit touch screen user interface.

u GPS receiver - The GPS receiver is a Garmin® Trec®eahat is equipped with a
magnetic roof mount or a suction cup device for mounting inside the windshield.

u PTS software - User interface software that identifessehold drivers, passengers, and
trip purposes foeachhousehold, and controls the recording of GR&d(not visible in
Figure 2.1)

u SRAM PCMCIA card - A memory card containing the PTS ajapibn software and up
to 2 megabytes of memory foath collecton. (not visible in Figure 2.1)

u Conrecting cable - Power cable that plugs into the vehicle’s amgegsrt (cigaette
lighter) to provide power for the GP&aeiver and had-held computer, and fuse
protectionfor these components, and serial cable that enabled cooations between
the GPS receiver and PTS software via thedHaeld computer.
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These assembled components were contained in individual canvas carrying bags during their use
in the field test. Table 2.1 provides a coetplequipment lidor the data collection devices in
the field test.

2.2 PTS Hardware Desription

Tables 2.2 and 2.3 provide moretdiled specificationfor the Sony® hand-held device and the
Garmin® GPS receiver.

2.3 PTS Software Dawiption

The Personal Travel Survey (PTS) software developed for this field test has two principal
functions: (1) allow the respondents to easily enter information about vehicle occupancy and trip
purpose, and (2) capture positionatafrom the GPSeceiver associated with eachpesdent-
initiated trip. Since the resndents wouldeceive little training in how to use the device, the
operating approach to the software inaed was intended taimic Automatic Teller Machine

(ATM) operation. That is, once started, the software would lead the respondent to the next
logical section in the questinaire. All the respondent had to do was touch a “Continue”
command and the subsequent questionnaire screen would appear. When all questions were
answered, the software signaled the respondent that the trip was being recorded and the data
input was comgte.

The three operating portions of the software were (1) the administrativeoeg®) the GPS
interface, and3) the respondent intexte.

2.3.1 The Administrative Interface

The administrative interface consists of two screens that allow the field test administrator to set
the operational parameters of the data collection device and personalizeptmelees interface

for each regondent. This intedce is not accessible by theusehold users. The administrative
interface contains two screens, thegweord screen and the operational patans screen,

shown in Figures 2.2 and 2.3.

Enler yvour password &6/14 -a: I'F Personal Traveler

The password screen (Figure 2.2) simply provides woc Y { oot
. Welcome to FHWA’s
protected access to the operational parametersg || Personal Travel Survey.
screen. The pa_ssword is iqput through the num ;qeasetypeyourpasswo,d on
keypad on the right-hand side of the screen. (Ngjige humeric keypad io access
e setup funclions.
FR3 Ly W
| l 7 8 9
CODEWARRIOR MAGIC DR3 @ @
BATTELLE PTS YERSI0N: D.23 F-3
BUILT:FEB 12 1997 AT 13:42:17
Figure 2.2 The Pssword Screen.

C
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Table 2.1 GPS Personal Travel Survey Equipment List

Travel Data Collection Equipment
e Garmin GPS 30 TracPak PC GPS Receiver
Magnetic Mount

¢ Sony MagicLink PIC-2000 PDA
General Magic MagicCap version 1.5 operating system
Stylus
Lithium ion rechargeable main battery
Lithium backup battery
Protective Case
 2.0MB PCMCIA Type Il SRAM memory card
e Battelle PTS version 0.25 software
« Wrapped Connecting Cable
Power Cable - services PDA and GPS receiver via vehicle cigarette lighter/accessory port
Serial Communications Cable - enables PDA and GPS to communicate
e GPS/PTS burlap field pouch

Operating Instructions
e Lexington Area Travel Data Collection Test 12 minute video
« Installation and Operating Instructions

Shipping Goods
e Cardboard shipping box fitted with styrofoam padding

e Envelope marked with Return Date
e Return Instructions

* Return Shipping Label

< Explanatory cover letter

PTS Software Developer
FASTLINE, Inc.




Table 2.2 Sony MagicLink PIC-2000 Specdtions

Features

» Relatively low-cost ($699)

e Off-the-shelf

» Touch (pressure-sensitive) screen interface

¢ Backlighting on interface

« Employs sophisticated power-management scheme
e Supports serial communications

« Based on an intuitive operating system

Performance

Processor - MC68349, 16 MHZ clock (3.3V operation)
ROM Memory - 4MB (runs system and application software)
RAM Memory - 2MB, battery backed-up

Operating System - MagicCap v1.5 (General Magic)

Physical Features
Weight - 1.3 Ibs.

Size - 1.0"h x5.2" x 7.5"w
Op. Temp. - 0to +50 deg C

LCD and Touch Screen
Screen Size - 3.2’"h x 4.7"'w
Resolution - 480 x 320

Dot Pitch - 100 dpi
Backlighting - ON/OFF switch
Contrast - manual

Power Requirements
Power Consumption - 4.8 Watts DC (max)
Power Requirement - 7.2 Vdc via lithium ion rechargeable main batteagg¢essory port)
Rechargeable Main Battery Life - 6 hrs with back-lighting on and in normal operations
(1350mAh capacity) - 10 hrs with back-lighting off and in normal operations
- 15 hrs when idle
Backup Battery - On-board 3 volt lithium battery -- 7 months without main battery

Interfaces

Communications - 14-pin slide-type Magic Port multi-purpose serial bus connector
Baud Rate - 14,400 baud

Memory Card Slot - 2 PCMCIA Type Il slots




Table 2.3 Garmin GPS30 TracPak PC Speatiibns

Features
« Relatively low-cost (<$250), high-output
e Plug ‘n play

» Tracks and uses up to 8 satellitesdocurate, reliable GPS data collection

¢ Relatively low power requirement

« Combines a GPS engine and antenna in an all-weather, low profile housing that can be mounted
variety of ways for in-vehicle applications

e Terminated for in-vehicle field use

» Does not require input to initialize or navigate

- Differentially correctable

Performance
Satellite Tracking - 8 channel (MultiTrac 8 engine)
Horizontal Position Accuracy - 15m (49ft) no SA, <10m (3dfps,100m (328ft) SA
Time-to-First-Fix -
<2 sec reacquiigon
20 sec warm
2 min cold
7 min automated locating
15 min sky search

Physical Features

Type - Integrated Engine/Antenna

Description - Waterproof Enclosure

Weight - 7.2 oz. (TracPak), 1.1 oz. (OEM)

Size - 1.04"h x 3.80"1 x 2.23"w (TracPak), .45"h x 2.75"1 x 1.83"w (OEM)
Op. Temp. - -30 to +85 deg C

Power Requirements
Power - 10-30 Vdc via terminated cigarette lighter/accessory port adapter (1.2 Watts OEM)
Backup - On-board 3 volt lithium battery -- 10 year life

Interfaces

Communications - 9-pin Serial Port (part of terminated cable)
Baud Rate - 1200 to 9600 baud, user-adjustable

Update Rate - 1 PPS (Hz) +/- 1 microsecond continuous
Output - NMEA 0183 v2.0, ASCII

Input - Not required, but accepts piam, date, time, and datum
Memory - Non-volatile

DGPS - RTCM SC-104

na



the icons across the bottom of the screen are components of the MagicLink operating system and
are not relevant to the PTS software.) The operational parameters screen2(Bigallews the
following activities, each with its own icon area on the screen.

Set Device Owner The “Set Device Owner” icon allows the user to record ownership
information on an internal, @ttronic “note card”.

Set Date & Time- The “Set Date &'ime” icon allows the user to set the propatedand time
in the device memory. An option is also available to automatically adjust the time for the change
from standard time to daylight savings time.

seconds/sample The “seconds/sample” icon allows the user to setdteethat GPS data points

are recorded to memory. Thistsng is displayed in the wilow above the label

“seconds/sample”, and the value is changed by touching the plus (+) or minusédargon

each side of the wdow, and the value can be set between one and ten seconds per sample. This
setting does not influence the operation of the GPS receiver, which generates a position record
once per second. Thistsing only controls the frequency that these positionngscare wtten

to the device memory.

max stopped time- The “max stopped time” icon allows the user to set the time duration before
the device automatically shuts off, should the respondent forget to record the end of a trip. This
feature is intended to conserve the device’s internal batteries when no change in velocity is
observed over the max stopped time interval, as measured by thec&R@mroutput. This

setting is displayed in the mdow above the label “max stopped time”, and the value is changed
by touching the plus (+) or minus (-) ieditors on each side of thendow, and the value can be

set between one and 30 minutes.

Operalional Paramelers == 'S Enler your password

Drivers - The “Drivers” window allows the userto [ %]  [sonnpee John Do

e . . el Device Qwier Janz Doe Jane hoe
specifically identify the respondents so that the| ™™= pson
“Choose the Driver” screen (describedelr) will p&

be personalized fagach use. Touching within th

Sel bate & Iime

D

window activates a kgboard on the screen, =
. seconds ssample
allowing the respondent names to be entered " DRIVERS L igusenoL MeMBERs
directly. The namesilvbe provided to the =[12]+] | TR
: : uex stepped lime [X]auto-activate? -2
respondent inteafce in the samerder as they are|  minusi upload resuits _cloar resuts

entered here. The “Drivers” window is intended /= é e 17 %
to list all licensed drivers within the test household.,:igure 2.3 The Operational Pararers
Only one driver may be selectéat a trip. Screen.

Household Members- The “Household Members” window allows the user to specifically
identify the respondents so that the “Choose a Passenger” screen (deatziedll be
personalized foeach use. Its operation is the same as the “Driversiaw above, with the
exception that several passengers may be selggtadrip. The “Household Members”
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window is intended to list all household members that might be passengers in the vehicle,
including the potential drivers, regular car pool members, or other who regularly ride in the
vehicle.

Auto-activate? - The “Auto-activate?” option allows the user to control when the PTS software
is activated. If the option is “on”, as indicated by the “X” in b, the PTS softwareilWoad

and run automatically anytime the MagicLink is turned on. If the option is “off”, the user must
activate the PTS software using the Magmn’s normal operating system.

upload results- The “upload results” icon allows the user to transfer recordeitd another

device, normally a personal computer. When the proper cablingcooms are made and the
personal computer is prepared to receive the data stream, a touch on the icon initiates a complete
transfer of the stored data. Thisiction does not erase the d&tam memory.

clear results- The “clear results” icon allows the user to erase, or clear, the datarynerthe
device before field use. Thisdture does not erase the software from the memory card.

The elements of this screen constitute the complete cdmtictions of the device allowable
through the PTS software.

2.3.2 The GPS Interface

The GPS receiver output data stream in the PTS software is invisible togbedest, and
almost invisible to the test administrator. The loagtangular widow lccatedimmedately
below the “Drivers” window in the Operational Pakters screen (Figu3) is the only
visible evidence of GPS receiver opewati During @ta collectn, this window displays raw
GPS output as it is being written to mamn Following dta collecion, this window displays the
last output recordeceivedirom the GPSeceiver. This widow does not allow any additional
user control or interface with the GPS receiver, but simply displays the lasd.rec

2.3.3 The Respondent Interface

This interface was used by the recruitedisehold
drivers. The respondent intade consists of five | |Who's In The Car?|
separate screens designed to allow egsytiof | | T
personal travel information faach trip. The five | ||Start Tri
screens are (1) Start Trip, (2) Choose the Drivet,
(3) Choose a Passenger, (4) Add Passenger, and
(5) End Trip and their functions are described
below.

PASSFNGERS

Start Trip - The “Start Trip” screen (Figure 2.4) |s
the first screen seen by the respondent when the P
device is turned on or at the beginningeath trip.

Figure 2.4 The Start Trip Screen.
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The only active feature of the screen is the larg R e

Choose the driver: Driver's major activity

“start trip” button in the upper left-hand side of th&otner Pick Up of Drop Off Passenc.;ers
screen. When the respondent is ready to begi h

Personal or Housshold Business

i i initi Eat Out
trip, they touch the start trip button to initiate th o ¢ Recreational
data entry sequence. Medical or Dental ®
I wl')‘river's specific aclivily
Work Place

Choose the Driver- The “Choose the Driver” Work-Helaled Business _
screen (Figure 2.5) is the firsaih entry screen. Sehecl, ollege. tniversity
On the left-hand side, the candidate drivers names
appear as they had been entered in the operatipnal
parameters screen. On the right-hand side, the
preprogrammed driver trip purposes appear. In
some cases, the driver’s trip purpose may offer a secondary choice in the bottom right-hand side
of the screen, as shown in the figure. Each selection is made by touching&wnt entry which

will then be highlighted to verify its sdtion. Once the settions are made, the pesmdent can

record the selctions and continue to the next data entry screen by touchinGomeiriue”

button, or cancel the ssdtions and reirn to the “Start Trip” screen by touching the “Cancel”
button.

Cancel Cantinug

Figure 2.5 The Choose the Driver Screen.

Choose a PassengerThe “Choose a Passenger” screen (Figure 2.6) is the seatandrdry

screen. On the left-hand side, the candidate passengers names appear as they had been entered
in the operational parameters screen, with the exception of the driver selected in the previous
screen. On the right-hand side, the preprogrammed passenger trip purposes appear. In some
cases, the passenger’s trip purpose may offer a secondary choice in the bottom right-hand side of
the screen. Only one passenger can be selected at a time on this screen. If there is more than
one passenger, the respondeifitreturn to this
screen to select the additional passengers. Ea¢

loves e v 4 o

Choose a passenger:

i i i Other
selgctlor_l Is made by to_uchlng th@nce_ct entry e e o Ao
which will then be highlighted to verify its Jason Waork or Sehool _

. Alice Personal or Household Business
selecton. IECTEN | Eat Out

Soclal or Recreationzal ®
| e H L ese Mhrapndal
Passenper's specific aclivily

Once the selections are made, th@oaslent can
record these settions and continue to the next
data entry screen by touching thédntinue”
button, or cancel the ssdtions and reirn to the
“Start Trip” screen by touching the “Cancel’
button. The “No Passengers” button on the loweFigure 2.6 The Choose a Passenger Screen.
left-hand side of the screen provides a more direct

option when the respondent is driving alone. Touching the “No Passengers” button bypasses the
remaining “Add Passenger” screen and goes directly to the “End Trip” screen where data
recording takes pke.

E No Passengers g E Cancel gf Continue§

Add Passenger The “Add Passenger” screen (Figure 2.7) allows the respondent to confirm the
passenger information already provided and to include additional passengers. If more passengers
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are in the vehicle than are shown in the window, LI

the respondent touches the “Add Passenger” The passengers and purpases listed below aze assigned t>
. “ ,tlus trip. To add ancther passenger. tap “Add Passenger”,

button and is returned to the “Choose a Passenger e vegin your teip, iap “centinue-.

screen to provide additional information. If Donna {To Day Care or Preschool}

there are no more passengers to be entered, th
respondent can continue to the “End Trip” screg
by touching the “Continue” button, or cancel the
selections and ratn to the “Start Trip” screen by Add Passenger |
touching the “Cancel” button.

A1

D=/
>

Cancel Cantinug

End Trip - The “End Trip” screen (Figure 2.8)
confirms the information that has been entered by
the respondent by displaying the driver and passenger information on the screen. This screen is
displayed throughout theath reording phase of the trip. No additional input is needed unless
there is an error or a change of plans that cause the information to bedhcdmrthose cases,

the respondent can touch the “Change” button j
the lower right-hand corner of the screen and re
input driver and passenger information without
canceling or erasing the basic trip information. A
the end of the trip, the respondent touches the
large “End Trip” button. Thisction closes the
data file associated with the trip andurets the
respondent to the “Start Trip” screen in
preparation for a subsequent trip.

Figure 2.7 The Add Passenger Screen.

Yourtrip s Who's In The Car?l
Lieing recorded. | TRIvER]

Tap “Erd Trip”to (| Tohn Doe {Work-Relaled Business )
coraplste this trip.

PAGSENGIRE
Donna (To Day Care or Preschool)

End Trip

12:29 P.M.

These five interface screens constitute the _ _
complete rgsondent intedice in the PTS software. ~ Figure 2.8 The End Trip Screen.

2.4 Data Cdlected by the Field Test Equipment

Table 2.4 shows a partiahta filefrom the field test equipment. Thatd are downloadedom
the field equipment in an ASCII text file as shown in the table.

The data download begins with an indication of the beginning of the topdr@ad then lists the

trip start and end times as input by the respondent. These times are recorded from the internal
clock of the PDA and the date is automatically apperfiaed the PDA internal calendar. Next,

the driver and driver’s trip purpose are listed, then the passengers and their trip purposes. If no
passengers are on the trip, the field after the “passengers:” designator is blank.



Before listing the position samples, the download includeéatarsent of the number of samples
collectedfor the trip, and then lists the position sample figach sample contains the following
information.

Time Date Latitude Longitude Speed
18:05:38 09/23/1996 3802.2889  8433.1846 4.8 Knots

The time and date recded in the position sample are obtained from #tellge clock and are

given in UTC time. UTC time is four hours ahead of Eastern Daylighe. The atellite clock

and the PDA clock were not synchronized, however the PDA clock was set prior to being sent to
each regondent to mimize possible differences. The latitude and longitude in the position
sample are interpreted as follows. The first two digits are degrees, tmel e digits are

minutes, and the information after the decimal point is decimal minutes. The last entry in the
position sample is the vehicle speed in khots . Speed for this€8Bi8ar is calculated as the

change in the vehicle position over time as measured by the receiver.

The sample data shown in TaBl& illustrate some of the characteristics of the data obtained
during the field test. The position sample file begins with a series of “zero”reamrdspanied
by a date 0fi904. This record indates that the GPS receiver is receiving power and is
functioning normally but has not yet achieved a valid position fix. Once the position fix is
achieved, the position samples contain the expenfedmation. This initial “searching for
position” by the receiver is a common acence throughout theath.

Another characteristic relates to the time associated with the position samples. An objective was
to achieve a one-second samjlter however the sample oeding praceeds with an irregular

time interval. This was the result of a communicationsren the PTS software and not a

function of the GPS receiver. The GPS recepreduced a position fix every second and the
recording occurred at irregular intervals. This irregularity caused some catiquis in the

subsequent analysis of the GPS data that is described in later sections pbthisTiee

software communications feature has been repaired in subsequent versions of the software.

1 knot = 1.15miles perhour (MPH)
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Table 2.4 Sample of thedba Collected by the Field Data
Collection Device

--Battelle PTS Trip Database

----begin trip record

start: 14:03:53 09/23/1996
end: 14:16:33 09/23/1996

driver: John Doe (Other Errands)
passenger(s): Donna (Go Along For The Ride), Jason (Go Along For The
Ride), Alice (Go Along For The Ride)

Collected 222 samples

------ begin position samples

00:00:00 01/01/1904
00:00:00 01/01/1904
00:00:00 01/01/1904
18:05:33 09/23/1996
18:05:38 09/23/1996
18:05:40 09/23/1996
18:05:43 09/23/1996
18:05:45 09/23/1996
18:05:51 09/23/1996

0000.0000
0000.0000
0000.0000
3802.2951
3802.2889
3802.2906
3802.3029
3802.3012
3802.2995

data uploaded: 10-01-96

0000.0000
0000.0000
0000.0000
8433.1813
8433.1846
8433.1841
8433.1810
8433.1804
8433.1807

---- position samples deleted ----

18:16:29 09/23/1996
18:16:35 09/23/1996
18:16:36 09/23/1996
18:16:45 09/23/1996
18:16:52 09/23/1996
18:16:57 09/23/1996
18:16:58 09/23/1996
18:17:02 09/23/1996
18:17:03 09/23/1996
18:17:04 09/23/1996
18:17:09 09/23/1996
18:17:13 09/23/1996
18:17:14 09/23/1996
18:17:16 09/23/1996
18:17:20 09/23/1996
18:17:24 09/23/1996
18:17:25 09/23/1996
18:17:31 09/23/1996
18:17:39 09/23/1996
18:17:40 09/23/1996
18:17:42 09/23/1996
18:17:43 09/23/1996
18:17:44 09/23/1996

______ end position samples

----end trip record

3800.9852
3800.9841
3800.9816
3800.9308
3800.9168
3800.9095
3800.9060
3800.8884
3800.8839
3800.8792
3800.8522
3800.8386
3800.8340
3800.8258
3800.8402
3800.8553
3800.8594
3800.8633
3800.8691
3800.8702
3800.8717
3800.8715
3800.8765

8433.0222
8433.0256
8433.0297
8433.1041
8433.1311
8433.1504
8433.1567
8433.1905
8433.1997
8433.2094
8433.2571
8433.2885
8433.2960
8433.3053
8433.3148
8433.3191
8433.3158
8433.3126
8433.3193
8433.3203
8433.3119
8433.3154
8433.3151

0.0 Knots
0.0 Knots
0.0 Knots
2.3 Knots
4.8 Knots
1.0 Knots
0.0 Knots
0.0 Knots
0.0 Knots

0.0 Knots
10.0 Knots
14.2 Knots
27.1 Knots
13.5 Knots
21.3 Knots
22.7 Knots
30.6 Knots
30.6 Knots
31.3 Knots
31.5 Knots
27.0 Knots
27.0 Knots
14.6 Knots
10.5 Knots
10.9 Knots
10.7 Knots
2.5 Knots
4.4 Knots
3.9 Knots
1.6 Knots
2.2 Knots
0.9 Knots




3. Recruiting and Field Test Operations

The field test was the focus of the proof-of-concept effort and involved the following tasks.

u Selecting a host MP@r the field test
n Recruiting participant households
u Executing field operations

3.1 &lecting a Host MPO for the Field Test

The research plan required the participation of a Metropolitan Planning Organization (MPO) as
the focal point of the field operations. The basic requirements for the MPO participation
included:

u Availability of anup-to-cate, positionally accurate digital map fiter the test area, with
minimum map accuracy satisfying Federal National Map Accuracy Standards. Additional
desirable map features included travel restrictions (such as one way stoEfegsa
matching capaility, and the ability to distinguish overpassesm stieet intersections.

u Staff support for the field operations. This staff requirement wasadsthat
approxinately 2.5 to 3 hours per household during the field test. With 100 households,
the total expected camitment was pproximately 250 to 300 hours.

Candidate MPO#or the field test were identified from two sources. First, in the early phases of
this research, several MPOs had expressed interest in the ongoing program and possible
participation in the field test. Second, a general sationfor potential MPO participants was
made through FHWA Regional Offices once participation requirements 