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ABSTRACT

In a hypothetical Year 2008 scenario, a personal ragiditr(PRT) circulator "shuttle" system and comprshen
door to door "new mobility" service transforms PaltoA major employment center into a transit villagénad
square miles, complementing and significantly increasingttih@ctiveness of commuter rail, carpool, vanpool,
bicycle, and bus commutes for the center's 20,000 empgloy@eutmost importance, PRT provides faster service
than driving alone for the "last mile." A TranspomatiVanagement Association enables a supportive commuting
culture. A larger candidate pool accesses the perSglaathRide" web-based ridematching service, increasing
carpool formation.

Proposed are new applications of cellular location tragkéchnology and Wi-Fi (802.11) enabled handsets to
increase the competitiveness of suburban commute aitesmaCellular phones evolve to become a commuter's
"command center”, an integral part of the workday. DHewing applications are proposed: A) "TrakRide" to
improve the reliability of carpool rendezvous and inseseourteous, punctual behavior. B) "NextTrain" torioup
the reliability of train-shuttle connections. C) 'liHeSafe" to verify that carpools amongst strangers opsaétby.

D) "QuickCar" to provide five-minute access to carsdentralized car sharing and emergency ride home, using
"wireless door key." E) "SpyKids" to maintain secure atgtof children during unaccompanied shuttle trips. F)
"NextSpace" to direct commuters to available parkingespaeith wireless access to automated, shared parking
lots. A central database, known as "Big Sister,ihtains personal data to support these applications.

INTRODUCTION

This new concept proposal concerns how to removendisant number of cars from job-rich suburbs. In tlaa S
Francisco Bay Area, suburban office park commute medauighly divided as follows: 78% drive alone, 16%
shared ride, and 3% transit) (Removing cars allows for the reclamation of parking fot more productive use,
enabling densification and intensification of land usemerous additional benefits accrue from removing cars:
reduced traffic congestion, air pollution, and toxic runoff

For suburban job centers with 20,000 or more employees anat H9@re buildings spread over one or more square
miles, the effectiveness of the proposed wireless asmassistant coupled with a very high level-of-service PRT
shuttle was validated (and iteratively refined) throagtone hour interviews and 62 in-depth surveys of tecggolo
workers. When survey subjects were presented witlhjpisthetical commute alternative, drive alone conamut
mode share dropped from the current 89% down to 45%. Mieepiénalty for taking a commute alternative door to
door versus driving alone was typically 30% or lesstlireiowords, given a 20-minute drive alone commutez28-a
minute commute alternative, workers regularly choseltteenative. Pertinent interview comments are
interspersed in this paper.) (2

Proposed is a 20-station personal rapid transit (PRT)tlshsystem for Palo Alto's Stanford Research PaR&()S
major employment center, complementing and signifigantreasing the attractiveness of commuter raih@al,
vanpool, bicycle, and bus commutes. PRT provides elgvakectric, demand-responsive, non-stop, medium
capacity, no-wait, 30 mph service for the commutettiao miles, and services mid-day trips. In additioRR,
the proposal includes a very comprehensive "door tormobility" service, called "D2D," that supplies both high
tech (web/cellular) and "high touch” (personal) solutimsheet workers' complex transportation needs. D2D
includes solutions to improve carpool and transit comores; increase the safety of carpooling with strangeysd
car share/emergency ride home, and improved carpoohmaking.

An economic analysis, methodological description, andtspaaking design are provided in a related report by the
author. (2

STANFORD RESEARCH PARK

Stanford Research Park (SRP), located in Palo AltofdDaila, is counted among the world’s leading major
employment centers. The 1,000-acre park includes 161 builsiénging 160 companies. For this paper, SRP is
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expanded to include twelve adjacent blocks of conveniedit,r@hd a Caltrain commuter rail station. SRP
experiences significant traffic congestion. All newelepment projects require significant traffic mitigation.

Santa Clara County alone boasts 11 other major jolersenfor the country as a whole, Joel Garreau defines
suburban edge cities as having 5M square feet of office ighificant retail, and identifies 185 such cities tha ar
larger than Memphis. {3Should the transformative model for SRP work, thenay spread rapidly throughout
these U.S. edge cities.

SRP COMMUTE SHED

A "commute shed" is a GIS plot of home originatiorstifie journey to work to a particular location. 47% of
employees live with a 2-mile radius of a connecting comnratkestation. In addition, 28% of workers live within a
five-mile radius and 49% live within a ten-mile radius off'SR4

PRT: RAPID LOCAL SHUTTLE ALIGNMENT

Personal Rapid Transit (PRT) is being actively devaldpethree companies, Taxi2000, Advanced Transport
Systems, and Megarail. All three have test tracks atiteast one vehicle and all are at least two y@&ay from
commercial operation.

The five-mile PRT shuttle system consists of approege800 lightweight, driverless, three-person electric
vehicles traveling on elevated "rail" 16" above the grolinahsit stations are located near building entrances
Frequent stations are situated along the route to nzeimalking once the trip ends. Station guideway is semhrate
from the main track - vehicles turn off onto a sidingpick up and drop off passengers. Because of these tgtn-off
vehicles travel non-stop to the destination at 30 mpbassing intermediate stops and speeding at twice thegavera
speed of autos on the congested SRP roads below.

Vehicle weight minimization greatly reduces the sizéhefelevated rail and supporting columns, dramatically
reducing construction cost and right of way acquisitioehides flow through the rail somewhat like data packets
on the Internet, anticipating demand so that wait teradiminated. In addition to improving commute altenres,
the PRT shuttle eliminates mid-day stranding caused Ioy m@ammute alternatives, by providing efficient transit t
adjoining shops and restaurants.

A 20-station shuttle system is shown in Figure 1. HighW@ily lies above the map to the northeast and Highway
280 below to the southwest. The Caltrain station is iugiper left corner, adjacent to "California Avenueatet
The system consists of a one-way "figure 8", with #adise-reducing "shortcut" located in the middle portiothef
8, connecting "HP East" and "HP West." The bottom lasjdes on a hill that presents a strenuous challenge to
bike riders. There are very few sidewalks within SRR nllany connecting parking lots.

D2D MOBILITY - NEW MOBILITY TMA

Shaheen defines "new mobility" as “pairing clusters aigiechnologies with existing transportation options to
create a coordinated, intermodal transportation systetrctiuld substitute for the traditional auto.) (5

The "D2D" service will be provided by a Transportation Mgmaent Association (TMA) called "D2D Mobility
Corporation”, where SRP employers join together to matragsportation demand. The formation of the TMA is
essential in creating a political entity to negotiaffiece property easements to accommodate the srghtlof way
requirements of PRT. The powerful TMA is also esseirtigloviding the "supportive policy context” that is
crucial to change the suburban drive alone predispos{BprSRP's 20,000 workers provide sufficient scale for
D2D services to run efficiently. The TMA's mottoeisvisioned as follows:
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We provide you with door-to-door mobility from home to work and backeaadds in-between! We are
a partnership of concerned organizations working to make commute aiehas convenient and flexible
as driving alone. Partners include transit agencies; City of Pdlo; large local employers; and key
service providers including a local taxi company, car sharingiser a rental car firm, bicycle coalition,
and ridesharing agency. Additional partners deliver groceriesals) dry cleaning, and photos, to name
but a few(2)

COMPREHENSIVE, INTEGRATED MOBILITY

Suburban commute alternatives are diagramed in Figure PR Shuttle solves the "last mile" problem,
efficiently connecting different commute alternatitesvorkplaces. A stylized version of a shuttle sysieshown
as an oval with many stations blanketing the job cenith efficient feeder/distributor service. PRT-céntrew
mobility is an original concept.

Of particular note, driving alone requires very litttmscious thought. People drive alone following theitemut

of habit, focusing very little of their mental capaaity the driving. To compete with driving alone, conten
alternatives must become simpler. The D2D "wirelessnsute assistant” attempts to take on the burden ahmak
smooth connections, reducing the effort and stressavhative takers.

Train and bus commuters face the "first mile" probkeswell: how to get to the train station or bus stofeir
home city. A solution for the last mile (and mid-dasanding) often provides sufficient motivation for conters
to solve the first mile problem.

For commuters living one to three miles from the eddeRP, the PRT shuttle enables commuting via foot,chécy
electric bicycle, scooter, and, possibly, by Segwaglo RIto and its adjacent cities (Menlo Park, Los Altasd
Mountain View) feature attractive, tree-lined residémteghborhoods that are conducive to human-powered
commuting. The research park, though attractively lampest;as a hostile, hilly environment for pedestriamd a
cyclists. The four and six-lane roads promote auto-dante, creating a noisy and dangerous environment. The
shuttle enables commuting under human power for the @nlpyesidential portion of short commutes, switching to
PRT to avoid the disagreeable last mile.

Eventually computer-dispatched smart jitneys (commuasymay ply suburban collector roads to bring
commuters to the edge of SRP for ensuing PRT distributidneys are especially effective for regularlgsping
through low-density suburban residential corridors and solieditst mile problem._(7

Carpooling breaks down into two main scenarios with diffefiest-mile concerns. The first is a shorter conten
of 4 to 15 miles where the driver picks up a passengertftersame part of town. If there is a rendezvous gnobl
in the morning, then both drivers simply drive alonthatr own pace — missing the carpool does not haasga |
time or convenience impact. The second carpool tyfoe isnger commutes where three people converge on a
rendezvous point such as a shopping center parking lohandhare a car from that point.

Carpool members are usually strangers who are matghigdichRide. Previously, members typically worked at
the same company, meaning that finding a carpool paritigin reasonable home proximity was a significant
challenge. By providing efficient distribution, PRT bkedhis restriction. Carpoolers travel to the edgdef t
employment center, park at the most convenient employyeand then ride PRT to reach their workplaces. With
20,000 workers serving as potential carpool matches, #tialsmatchmaking probability improves dramatically.
Carpooling among friends and family will also experientéarease because of the PRT shuttle.

Survey research showed that the proposed solution conoeqgteffective in addressing behavioral impediments to
carpooling. (2

By rapidly connecting an entire major employment centefl, provides sufficient scale for centralized commute
services such as “guaranteed ride home”, car sharingding station car programs), and car rental.
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BEST OF URBAN AND SUBURBAN

In mixed-use Central Business Districts, jobs, housind,shops are all within convenient walking distance. In
many suburbs, only an auto can provide an effective ktkden these three main real-estate uses. The RiRlesh
offers the promise of making these uses more rapidiysatble than via auto. The concept of the extendesittra
oriented development was first introduced by Schneidgr. (8

While not representing the ideal "New Urbanist" siawillage, the proposed remedy for an existing subudfféce
park will create a very lively environment to workddive in. New high density in-fill housing for SRP tkers
inside the research park could reduce the jobs/housingandmlreduce long commutes, and provide a rich set of
personal and business services, including top ranked pabliols and hiking trails.

A typical transit village, as defined by Peter Calthorpa half-circle of radius 1,000 feet emanating froraila
station, an insignificant blip amidst low density subar®) PRT+D2D creates a "walkable" area 20 times the size.

D2D NEW MOBILITY: HIGH TOUCH FEATURES

High touch (personal) solutions consist of customer supgmrimute coordinators, commute community, and
MatchRide.

Customer Support

Interviews indicated there is a lurking fear of being sindke middle of a trip. In reaction to this concdd@2D
customer phone support should serve as a "guaranteed ba&athér than the commuter being responsible for
resolving problematic situations, D2D promises toogehmuters to their destinations, serving as the laslin
defense.

Neighborhood Commute Coordinators

Reducing drive alone commutes is a battle won one pertsa time, addressing specific individual objectioAs.
network of volunteer neighborhood commute coordinatanedgssary to provide hand-holding, support, and local
expertise to technology workers. The coordinators ghttaNe the following attributes: highly persuasive, upbeat
and encouraging, creative problem solver, a “green” mntaffective advocate, and good communication skills.
They should serve as: A) the best resource to go wofomute alternatives to SRP and B) a collector and
prioritizer of local barriers to be overcome. Thaist important service will be guiding technology workers
through the first two weeks of a commute alternative (akdetox), providing follow-up and encouragement.

Web-based Commuting Community

Another high-touch tactic creates a web-based commaotimgnunity for support, information, and problem
solving. For a drive alone technology worker to sithat person needs to become a commute problem-solving
expert, which probably isn’t worth an individual's timdowever, a web community can share expertise, reducing
individuals' learning curves. Chat forums based onofitgsidence and major knowledge areas will be provided,
with neighborhood coordinators monitoring. The knowleage will efficiently address repetitive issues related
comfort, gadgets, behavior, and local context.

MatchRide: Improved Ridesharing Matchmaking

The Bay Area's current carpool matchmaking service {gedvby RIDES.ORG) provides too little information
(and no personal information) to make an informed datisMore personal models are plentiful at numerous web
dating services, providing more rich textual detail coraiwith photos. For carpool matching, a facial photb an
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an auto photo should be combined with a rich personéleprd@hese services allow prospects to anonymously
reject bad matches without causing any hurt feelings.

WIRELESS COMMUTE ASSISTANT

Cellular telephony is experiencing accelerating innowatiGellular telephony has been described as a major
technology poised to generate many new jobs. Therkatsllion cell phones, one for every 5 people on the
planet. By 2006, there will be 2.0 billion cell phon&ne-third of all cell phone users upgrade to a new handse
every year. High data bandwidth cellular technology itherhorizon, known respectively as "3G" and "4G." The
latest handsets are adding personal digital assisttntés. Computing power is increasing, reaching eveercto
becoming a "personal computer in your hand.” New hardwalheasuGPS and WiFi (IEEE 802.11 wireless
communications) is being added. Y10

The applications are explained in subsequent sectionse Hne preliminary descriptions of applications thathav
not yet been developed, but appear to be relativelyghbtfarward to implement.

BIG SISTER DATABASE

To best serve finicky tech workers, personal inforamatatabases must be created and commuter whereabouts must
be tracked (using cellular “geolocation” technology). @rnerviewee reacted negatively to this tracking, sgiin

was reminiscent of “Big Brother.” So, regrettablye must define a new term to position this effort agdsicst

Brother. Whereas in Orwell’'s book, “1984,” Big Brotheicked personal information to reduce personal liberty,

“Big Sister,” uses modern technology to preserve Mother Naturg.SRBiter has a gentle hand, but knows when to

be nosy to be of assistance to commuters. Big Smsterases commuter safety with her ability to yettifat

someone reached their destination, especially wherpaatawith strangers is involved. Associated databasgs a
software applications must be designed to be both intexioleesind secure. Other respondents were enthusiastic
about the tracking. Another interviewee felt, “a s@r\that tracks you would be fine.” As an aside, RIDES,

Bay Area's central ridesharing service, keeps norimdtion on carpools once they're formed.

Privacy Concerns

Privacy concerns abound for Big Sister. For pravectihis service must be "opt-in" with independently run data
protection audits and a consent requirement for each reeof personal data.

CELLULAR LOCATION BASED SERVICES FOR TRACKING

This section introduces cellular Location Based Sesvieehnology, which is used in many of the D2D cellular
applications.

A Federal Communications Commission mandate has faitedllular carriers to provide emergency services tha
determine cell phone location. As part of fulfillifgg "E-9-1-1" requirement, carriers will make geolocation
software interfaces ("GPS-1", "J2ME MIDP 2.0") availaidl@pplication providers. The FCC mandates location
accuracy of 100 meters for 95% of cell phone calls by 2005.

Location is determined with trilateration algorithms whthe handset collects and processes signals from GPS
satellites and/or cellular base stations. There argeyrrechniques to determine location, providing tradeofisngm
important attributes. Key attributes include "time tstffix," availability, accuracy, cellular network kwhmidth
required, handset cost burden, and base station cost burtlethenfirst four attributes carrying the most
importance for tracking applications and the later tawaifng a strong impact on the rate of adoption. A stimaé

to first fix, the startup time to calculate the firsstimn, is desirable for tracking applications wher@amuter's
position must be determined immediately after applicatiialization. Some rudimentary GPS solutions regjuir
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a large startup time, taking several minutes to proviges#ion fix. Availability measures whether or radibcation
can be determined. Availability in indoor settings, meh&ignal strength is lower, is important for commuter
tracking applications. Accuracy measures the distribufi@aloulated locations against true locations. The
distribution of positional errors in X and Y dimensions ¢gbly comprises an elliptical pattern. For tracking
applications, the relative accuracy amongst successe® i important. Most cellular location solutionguiee
new cellular handsets featuring new chipsets and anterlsers of GPS tracking applications should expect to
pay $150 for a GPS-enabled handset and $15 per month for data mioations services.

GPS Problems

Basic GPS technology isn't well suited for cellular tmrabased services. Aside from the aforementioneblgmo
with slow time to first fix, GPS requires unimpeded "lifisight" access from satellites to the handset, icrgat
problems when handsets are indoors in residential areas artshn downtowns with tall buildings (urban
canyons).

Recent innovations have reduced the power consumption®tc@Psets and improved the processing power
within the handset. Some former solutions had requingd3faS data collected at the handset to be sent to a
carrier's server for processing into longitude/latituBecause tracking applications request location frequently,
high communications bandwidth overhead cannot be toterate

Hybrid Assisted GPS

One of most promising techniques for tracking applicatisrslled Hybrid Assisted GPS/Cellular Ranging. The
solution provides first position fix in a maximum of 1I&ends (1 second in a line of sight outdoor environment).
Availability is high within indoor settings. Accuracy3® meters indoors and 5 meters outdoors. A "location
server" assists the handset's GPS calculation by senténgediate calculations to the handset, reducing the
handset's required GPS signal strength and processing plawlanid means the solution combines GPS and
cellular base station measurements to calculate locdtigher increasing accuracy and availability. c®an initial
position fix is calculated, the handset is self-traclkingd does not require location server assistance. (11)(12)

Software Development Issues

Handset operating systems are less capable than thpsesohal computers. Tracking and voice
operations may be mutually exclusive.

Hardware platforms are incompatible, but the move tdevdava may alleviate this.

Data communication latency varies from carrier twienand slows during peak time.
Distributing applications to cellular customers is difficult

Better in-office reception

The additional challenge in cellular geolocation trackipgiiaations is that the cellular data network must have
high availability within business campuses, requiring so@lular base stations to improve signal quality. iSuc
base stations are readily available and used in offloesdy, but they are not yet pervasive. Part ofitbévation
is to replace wired business phones with cell phones.

Another approach to improving indoor cellular telephorgsud/iFi enabled phones. These phones switch from
cellular to WiFi for voice/data communications withirrporations with specially configured WiFi networks.

TRAKRIDE
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The first commute tracking application serves carpaulid,is known as TrakRide. TrackRide is a virtual
(automated) carpool coordinator who helps make things rua smoothly, reliably, and precisely while off-
loading some time-consuming tasks. The assistant psotideway communication via cellular Short Message
Service (SMS) and the Web. Many features are imphged with single click operations.

Benefits

The main benefits provided are increased commute iléliabonsiderateness, safety, and time utilization.

TrakRide serves as a "security blanket" for carpoolens, typically encounter a major carpooling problemrg
months, and a minor irritant about once per week. Enthis intermittent problem pattern, the assistant is
always alert and immediately available to solve protd and provide information when something goes wrong. A
previously independent drive alone commuter, who swétthearpooling, finds herself dependent on her carpool
partners of uncertain reliability. TrakRide removes tincertainty, making the carpooling experience more
palatable to switchers. TrakRide provides a frequently egdgraphical depiction of the status of the partners,
somewhat analogous to bus stop "time to next bus" displays.

In carpooling, being on time at the pickup spot is theidenste thing to do. TrakRide monitors progress to the
pickup spot, graphically highlighting laggards with red dotsarte. Thus, positive and negative performance
feedback is glaringly apparent, naturally generating iser¢taocial pressure to be punctual. TrakRide alskstra
performance over time and can tag laggards for automeatiinders to get them going a few minutes early.

Without TrakRide, improving punctuality often requires peeda@onfrontation. Some existing carpools implement
a "5 minutes late cut-off rule.” In the morning, ifamooler is 5 minutes late to the rendezvous spot, other
members leave without the laggard. TrakRide provides éegeméthod to encourage courteousness by providing a
standardized, impersonal measuring system.

In addition, TrakRide facilitates the considerate actiomfoirming other members that the carpool will be detay

a certain number of minutes. TrakRide reduces an indivédataility to make up excuses for tardiness. Says one
potential user;l don't need a reminder to leave. | only need confirmation ttrerstare moving reliably towards
the carpool meeting point. One of my carpool members needs spadighg about once every 10 days."

Time utilization is an issue at the end of the workd@yore the evening pickup. TrakRide will also trackehd

of day race to the meeting point, which will require PEtttle trip tracking / scheduling, like NextTrain. Says a
second potential uséiMaking things a little smoother would be great. If | knew someseaeerunning even a few
minutes behind, and I'm in the middle of something, thenahatfinutes would buy me enough time to finish what
I’'m doing, rather than thinking ‘Oh Gosh | have to shut down becadsa’t want someone to wait.”” The benefit

is in knowing exactly when to shut down and reducing strea®ndering whether everyone else is shutting down.

On-route commuter tracking example

Three carpoolers called A, B, and C carpool with awag-travel distance of about 30 miles. For the morning
pickup, all three drive alone to a shopping center patkingnd then carpool from there. A, B, and C aredaisy

race against time to get to the meeting point on tiRerson A drives 10 minutes to the shopping center, Bglidv
minutes, and C drives 3 minutes. Scheduled pickup tirtteeashopping center is 7:30AM. Person A needs to leave
her home at 7:20AM. She has a history of being lat@rakRide sends reminder SMS messages at 7:10 and
7:15AM to nudge her to her car.

The cellular handset graphical user interface is shoviigure 3, showing "snapshots” at 7:20, 7:25, 7:29, and
7:32AM. Person A departs on time, but B departs 2 minates
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The handset display shows the previous paths that A\dBCdave taken to access the pickup point. A, B, and C
all see the same display as the pickup process progressé0, all three are on time, at home, and A is réady
depart.

At 7:25, B is still at home, even though he should haftate’:23, so his dot his shown in red to indicate tashn
and the carpool is shown as being 2 minutes lateprAigress towards the shopping center is apparent.

C should normally depart at 7:27, but C sees that the dasgdoninutes late and has another cup of coffee. At
7:29, C departs. A and B have made progress and B is piitel® as tardy.

At 7:32AM, everyone has arrived at the meeting point.

The handset display shows progress towards the meetimg @gimple process of converting GPS
longitude/latitude into display coordinates.

Initially, TrakRide will sometimes induce excessive spessitardy members attempt to reduce their lateness,
turning their red dot to green. Likewise, there wdltbmes when a punctual commuter departs home at the
appropriate time, only to encounter traffic delays thake them late. These unlucky, yet courteous, commuters
should receive a "punctual” score for that trip, evemdin they arrive late.

The trip duration parameter (10, 7, and 3 minutesarettample) may be adjusted based on historical resulys or b
individual commuters via the web. This parameter dagtored by Big Sister, and retrieved daily by the TrakRide
application server.

Additional TrakRide Features

Customized traffic advisory. A customized advisory provides relevant data only wiesessary:

advance notes of traffic generating special events egidemt reports specific to the car’s current location
and route. Starting just before the first morning deparfinakRide will check traffic on the carpool's
route to work, identifying incidents that may create & higpact on the commute. Where a highway is
closed and attractive alternate routes do not exiakRide may offer the following three options: a) a web
chat so carpool members can determine how to procedd|dy) carpool in 15 minute chunks until traffic
improves and automatically inform managers of the delagl c) a voice conference call to allow members
to decide how to proceed.

When a member expects to be late, reschetkibg/ carpool by X minutes TrakRide provides easy,
reliable communications with other carpool membéhsth a 3 or 4 person carpool, the logistics of
manually contacting each member to delay the carpoblrbinutes requires significant effort, especially if
people are hard to reach. TrakRide automates this preressan even request an SMS receipt indicating
that the member has read the message. A prospectivadisses,A single click or phone sequence that |
could dial that could broadcast a message, retry as needed, and coediipt would be a good thing.”
Members may also indicate "go without me today."

Tight integration with guaranteed ride home / car loaeevices to provide a convenient way home in the
evening when the carpool is missed.

Gentle remindersvia SMS. Commuters may choose how to set their lenalseact when an SMS
message arrives, such as by vibrating. Commuterschadwde their own helpful reminders. TrakRide
will also automatically schedule reminders for habitutdhgy performers.

Easy connection to humamstomer support Support will have each commuter's current locatrah a
personal commuting context information available duringptebne support calls.

NEXTTRAIN

NextTrain tracks a "race" between a train and a comrtmgemeeting point at the local commuter rail statitn.
this race, the commuter should always win with some torspare.
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Example

Consider, for example, a commuter attempting to ca&BZPM commuter rail train home. The train is on time.
The commuter works in the research park. Her deskieaninute walk from a PRT Shuttle station.

Once per minute, the commuter's NextTrain handset appfiagieries the NextTrain application server for the
train's predicted arrival time at the Caltrain statidihis parameter is called "TR" for Train. The Nextfirai
application server in turn receives frequent updates €alftrain's train location server. For purposes of this
example, TR is 6:35 PM, meaning the train is on schedule.

The time for the commuter to travel from desk totth& station is called "TTAT" for Time To Access irra This
parameter varies for commuters at different locatibmoughout the research park, in this example theisime
calculated as the sum of:

1 minute to walk from desk to PRT station

1 minute wait at the shuttle station to wait for anceeatvehicle

4 minute PRT trip from the office station to onelaf two CA Avenue PRT stations

1 minute to exit the PRT vehicle, walk to the traimd @nter the train

2 minutes of "slack" in anticipation that something mitake longer,
for a TTAT of 9 minutes. The one-minute PRT wéibee will actually be a dynamic calculation based ometir
and anticipated demand around the time of departure.

The time for a commuter to leave from their deskifome is called "LV", for Leave. LV is calculated &R —
TTAT. In this example, we have 6:35 — 9 minutes = 6:26.

For this example, the commuter will have set up NextT@moause her cellular handset to play a single toneeat fi
and then two minutes to LV. NextTrain will check wiestsufficient PRT vehicles are available at the p&atjion
station at time [LV minus four minutes], understandingent status of demand at that station. Should there be a
vehicle deficit, NextTrain will order a PRT vehiclelie sent to that station.

In the unlikely case where the commuter leaves astdatebut still misses her train, NextTrain will ensiiva she
gets home as conveniently as possible, and will praodgensation, such as a free lunch or a few free PRI tri
Before switching to a commute alternative, solo@rmnever even had a connection to miss. But missed taurid
cause a switcher to revert back to driving aloneustomer support should take such incidents very seriously.
Commute tracking can evolve to instantly identify customassing connections.

For the morning connection to commuter rail, one prdspeaser also has a race against the train to the trai
station, "If | got notifications that the train was late, this would allove to stay inside my house. | don't need a
reminder when things are going well, but | do need to know when tiegsit of sync.”

QUICKCAR: CAR LOANERS, CAR SHARING / EMERGENCY RIDE HOME

With D2D, separate programs for corporate loaner carssharing, car rental, and corporate/government
emergency ride home all merge into a single, centraeedce with 20,000 potential customers. Cars will be
stored at two locations near the top and bottom tipgePRT alignment, allowing ignition turning of area car
within five-minutes of ordering from any location with6RP. Centralized programs provide scale economies by
requiring fewer cars with less management overhead. drteatloaner program also provides mid-day auto
availability for business meetings and urgent trips haeate for a sick child.

Guaranteed ride home— Some interviewees asked to be switched to anoth@oatawith open seats for
the anomalous ride home, when a connection to theasthwdrpool cannot be made. Respondents desired
access to higher speed HOV lanes even in unusualaitsiatA variant of the typical “missed my ride”
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scenario is when a company shuts down early becaudaafites problem or an unusual holiday
schedule. There exists a similar need to borrow & fiiden other carpools to qualify for the HOV lane,
providing a combined vision afarpoolers dynamically shifting between cars. TrakRide and MatchRide
facilitate development of such a service.

Interviewees felt unsure of how to use corpoeatergency ride home loaner programThere were
differing understandings of how the program worked: whoesigor permission and how much it cost —
most would look to other alternatives first. Compamy-car loan programs necessarily receive just a few
hours of oversight per month. A centrally run programdudficient scale for strong marketing
communications and educational programs, and full-tingicdeed staff.

WiFi enabled cell phones enable effortless, wiretkgs lock opening. The matching WiFi enabled loaner
car polls for a unique WiFi cell phone ID, causing therdo unlock.

FUTURE ALL-ENCOMPASSING WIRELESS COMMUTE ASSISTANT

Over time, all software applications should merge imtalkencompassing wireless commute assistant. Such a
Commute Assistant would have the following features:

- Be asmart alarm clock."” Rail and bus commuters fear falling asleep and missgigstop. The
Commute Assistant can wake commuters when they arertiinees from their train station / bus stop,
irregardless of the time. This is preferable to carrars manually setting their watch alarms to beep in
certain number of minutes, as the transit system nhighielayed on-route, and their watch would wake
them earlier than is desirable.

As part of preventing nightmare commutes, proactivelyatistben commuteniss connectionsthen

take corrective steps. Don't wait for a call.

"HomeSafé verifies that a carpooler arrives home safely vialggation cross checked against scheduled
arrival time. HomeSafe may also be optionally configluio ask the commuter for a password upon
arrival, providing a second level of protection. Whaerommuter has not reached home within a certain
number of minutes after scheduled arrival, HomeSafeimggetsction: a) sends SMS query, "are you OK?",
b) eventually calls police. HomeSafe's unnecessaryimagflate commuters who get stuck in traffic is a
reassuring feature; Big Sister's concern for commutansm-threatening situations increases confidence
that Big Sister will be there vigilantly when dangekbir Shaheen's carpool focus groups reveal safety
concerns reign supreme. HomeSafe lessens this séfettion.

SpyKids maintains secure custody of children during unaccompahigitie trips. Reduces the need for
parents to accompany children to destinations served By FPRe parent authorizes the receiving person
(for instance, a day care center worker) to pick up téld at a destination PRT station. The parent puts
the child into the PRT vehicle at an origination statiBuring the PRT ride, the child is in the custody of
D2D Mobility. SpyKids will NOT drop the child off ahe destination station unless the receiving person,
as verified by cell phone WiFi identification, is preseht the case of a missed connection, the child will
be re-circulated on the system, either bringing thiel dack to the parent, re-trying the drop-off, or
bringing the child to a safe, monitored location. Paremdy track the entire trip. Video feed from PRT
stations and vehicles is available during the tkpice communications with the child can be undertaken.
Trip planning using a commuter's current location and Big Sistefepence data to make smarter
selections with less commuter data entry.

Real-time PRvehicle booking Allows commuters to request a vehicle from theikgdaso minutes

before walking to the PRT station platform, incregshe chances of zero wait at the origination station.

NEXTSPACE / SHARED, AUTOMATED PARKING

Most drive-alone commuters will park at their complnty Carpoolers will enjoy the opportunity to park & th
first available lot at the edge of SRP, avoiding traffithin the office park. "NextSpace" will direct carpexd to
available parking lots. Empty parking spaces wilttemfill in first at the edges of SRP.

The TMA will control all parking within SRP, sharingaces with all companies. The total requirement empty
parking space reserve will be reduced as spaces are sfffarieditly. Scale economies should reduce annual per-
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space operations costs. Lots will operate in an ausshfashion, via a central parking control facility thabal
manages parking lot security via surveillance cameras.hNtkee HomeSafe, cellular location tracking allows
automated detection of possible parking lot assaults. Aecsipaice utilization and availability will be knownadit
times. Each lot will be gated, with wireless cell pp@atcess providing very rapid gate interaction.

EFFORTLESS PRT SHUTTLE TICKETING AND DESTINATION SE LECTION

For many PRT trips, WiFi enabled cell phones with less credit card payment can eliminate ticketing and
destination selection effort. Cell phones with keypad datey and graphical displays provide richer capabslitie
than transit "smart cards."

Because it provides direct point-to-point service, PRjlires the specification of destination station before a
vehicle departs a station. The 20 SRP stations r@kedmages of a proprietary ticketing mechanism withiek"p
a station” touch screen user interface (possibly reqummgscreens to navigate). With this mechanism, the
commuter would have to struggle to find their payment meshraand to select their destination every time.

Instead, commuter cell phones can identify a commatarfare gate, and Big Sister can retrieve that coersut
trip-making context, suggesting the likely destinationatat If no changes are required, this can all occun wit
physical effort by the commuter. Thus this very peatinad fare gate system reduces transaction time aord. eff

The typlcal fare gate interaction is as follows:
A commuter walks up to an entrance gate at a PRT staiibrcell phone in brief case or pocket. The gate
is constantly polling for commuter cell phones.
The commuter's cell phone announces that a commuteawitique ID has arrived.
The gate retrieves tripmaking patterns, selects thst fikkely destination, and displays the informatioraon
computer monitor that is visible to the commuter.
In most cases, the commuter agrees with the suggestéthteststation and boards the appropriate
vehicle. When the commuter prefers another destmatiey select it from the display.
Once the vehicle is on-route, the commuter's credit isadebited.

Wireless Payment

The enabling technology is provided by a new serieglbpbones. Bluetooth and WiFi (802.11) provide short-
distance wireless communications featuring seamlessections and data transfer between devices. Stsdar
groups are currently working to set protocols for creditl settlement.

Individual Trip Making Paterns

Most commuters will only use between three and six ofthstations on a regular basis. For example, one
commuter might have the following patterns:
If he appears in the proximity of the Caltrain statiomiein 5AM and 11AM, then he is going to go to his
job site, "EPRL."
If he appears in the proximity of the EPRI station betw&s@AM and 2PM, then he'll go to 1 of the
following PRT stations: {Agilent (to access a computerey, CA Ave (for lunch), Caltrain (for lunch),
BofA (for banking or for lunch)}.
If he appears in the proximity of {Agilent, CA Ave, CaltraBofA} between 10AM and 3PM, then he's
going to go back to EPRI.
If he appears in the proximity of the EPRI station betw&eM and 7PM, then he's going to Caltrain.
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NEXT STEPS

This proposal is undergoing an independent analysis that sl in productive action within the political realm,
such as a planning study or larger travel demand analijs&Ride and HomeSafe are patent pending and under
development.
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Figure 1: 20 station PRT alignment
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Door to door suburban job center commute

Figure 2: Comprehensive, integrated mobility improves door to door subjsbarenter commute
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