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Enhancing Mobility Through Technology in a

Congested Urban Environment
Evolution of Ground Transport Technology:
From the Omnibus
through Personal Rapid Transit (PRT)
to autonomousTaxis (aTaxis)

The Problem: Urban Congestion Snarls Mobility

Also issues about accessibility and equality of access
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Over the years technology has evolved...

From:
Ommbus on Blackfrlar S Brldge, 1798

&""w AW

To:
Hummers for everyone, 2012

¥ Odmnihie an Rlaskfriare Reidon  s=afl
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Geo Enhancement:

NYC, 1830

| T ™
Technology Elements: e e

Capacity: ~10 Seated Passengers ' = Y

Propulsion: Horses or Mules

Externalities: Disease and non-operating

revenue from pollution

Suspension: Steel Sprung Wooden Wheel “\ )R \

with solid axel \ e ",“;.'

Way: “Flat” Pavement (stone, wood, compacted gt

earth)
Headway & Lateral Control: Human

Start:

Propulsion Enhancement: Support Enhancement:
< Steam, London Iron (Steel) Rails
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Growth of Horse-Drawn Street Railway Technology

1860: London
— "

s o Train's Victoris Strers Trame sfitis

Dsscriminating travelers on New York's Third Avenue
Nadiroud rode aboard this ricbdy fumished drawing-nom
car coatructed for the hoowear lisw s 1871 by the Pall.

ous Palien C . The
trips cﬂli’vn:n‘:ux;Y.Cﬂl‘:mw

pany and Réllrood

1875: Minneapoli

1908: Washington , GA
W2, i LI -
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Evolution of Horse-Drawn Street Railway Technology

Today: DisneyWorld

» ¥

% 1550 1560 Isio 1550 |

HORSE RAILWAYS 1839 -1922
TEACKAGE
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Fall 2014/15 Growth of Cable Street
Railway Technology

1880: Washington, DC

Beginning in 1873: San
Francisco
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http://www.catskillarchive.com/rrextra/hoboken.Html
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Elements of Cable Street Railway Technology

1886: Steam Power Plant

Thic LAMY sutusray diaming by Paste & liast of Habsrwens, lmn;-., e o ansdratin 1o

Mul, wne of the hingeet baklers of suschivery b cable' e stroet ropuined v ~.5l- 7 el - v s
L Suiiwey, gy hestsi shws The mrwive asmprnion . ssior fnsitiores ] Grip Diagaasm
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Elements of Cable Street Railway Technology

Interior Gripper

- wuuu i
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Cable Car Bell Ringing Contest http://cable-car-guy.com/html/ccmain.html


http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccsfbell.html#bell2008
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Evolution of Cable Street Railway Technology

- - Sa
Beginning 1873: SF N
- @i San Francisca, Calitornia:
- Cable Car Routes after 1904
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Cable Car Bell Ringing Contest http://cable-car-quy.com/html/ccmain.html More images, incline RR



http://cable-car-guy.com/images/la2nd.jpg
http://cable-car-guy.com/images/la2nd.jpg
http://cable-car-guy.com/html/ccmain.html
http://cable-car-guy.com/html/ccmain.html
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Birth-Death Process of Transport Technology
In the beginning...
)

\ In the end...
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“.ee [I]n capitalist reality..., it is not [price] competition which counts but the
competition from the new commodity, the new technology...- competition which

commands a decisive cost or quality advantage and which strikes not at the margins
of the profits and the outputs of the existing firms but at their foundations and their

very lives.” Joseph A Shumpeter (1883-1950)
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http://en.wikipedia.org/wiki/Joseph_Schumpeter
http://en.wikipedia.org/wiki/Joseph_Schumpeter
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2nd half of 19™ Century is a period of industrialization
and rapid growth of cities

* In response, cities can
occupy the same area at a
higher density, implying
higher congestion, or

« Expand over a larger area,
requiring better
transportation technology.
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Mid-Late 19 C ways to address congestion through
segregation of modes

12, A suggested Pcdcstnan Crossing at Ludgatc Circus, mid-1gth Century
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Transport over People

e Inventor of the El, Charles T. Harvey, drove a cable
car over the first section of the first tracks laid in |
Ninth Avenue, New York (1867).

A STONE VIADUCT BLEVATED RAILROADR PROPOSED IN shgg A A SORUTION OF NEW Y
RAVID TRANSIT PROBSLEM

© ) PROFOSED ELEVATED RAILROAD FOR HROADWAY PATENTED BY

DN . q) T q - 1t e I 3 - i - > 4 A

1N PATENTED WY UR \‘w:luuli,:r':‘\Il|li'l\~x1v',|w‘ﬂ.u-m i\:‘:li AR STRUCTUKE n ¢ STREET RAILROAD (STEAM OPERATION | RICHARD F. MORGAN, 1864

e e i e S A o e By o, ke (Y IENERAL PRANZ SIGEL, 1872 I 1 (P i et wil . ol Chiiak s i
e right
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Building the First Elevated RR in NYC

Commenced Service, 7/2/1867 (cable powered, converted to steam 2/14/1883

" The Inventor of the El, Charles T. Harvey, drove a cable
car over the first section of the first tracks laid in
Ninth Avenue, New York (1867).

FIRST ELEVATED RAILROAD ON GREENWICH STREET SOUTH OF
MORRIS STREET

Built on the easterly curh line, 1867-68
(From Harper's Weekly, July 21, 156%8)
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: Segregation of Modes
Building the First Elevated RR in NYC

Street, buile in “1VIC STREET, LoOKING SOUTHEAST FROM THE CORNER OF
- : ON STREET, 1849

t. ey and the Gen clevsted ratlrmsd

: lon at D J e, X :' erdh “.a 1 rallrosd, erected iME 4y on the vasterly carls Tine of

frant of the Ocesn National Bank, and wperated by cable.
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Building Elevated RR in NYC

—
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NINTH AVENUE, NORTH FROM GANSEVOORT STREET, MAY, 1876 NINTH AVENUE, NORTH FROM r13tu STREET, MAY, 1876

owing the elevated structure extending north from the east curb of Greenwich Showmg the elevated structure built on the west curb line, 1868-69; the 14th Street
‘eet to Little West r2th Street, thence on the west curb of Ninth Avenue. The ST
insevoort Street turnout is shown extending south on the west side of the extreme
ith end of Ninth Avenue. The structures were built 1868- -69; the first tram was

run February 14, 1870.

camd ddcanacaslia Lo ccncilcam n oicer Siswtnnnt sabenn
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Building Elevated RR in NYC
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NINTH AVENUE, NORTH FROM GANSEVOORT STREET, MAY, 1876 NINTH AVENUE, NORTH FROM r13tu STREET, MAY, 1876

owing the elevated structure extending north from the east curb of Greenwich Showmg the elevated structure built on the west curb line, 1868-69; the 14th Street
‘eet to Little West r2th Street, thence on the west curb of Ninth Avenue. The ST
insevoort Street turnout is shown extending south on the west side of the extreme
ith end of Ninth Avenue. The structures were built 1868- -69; the first tram was

run February 14, 1870.

camd ddcanacaslia Lo ccncilcam n oicer Siswtnnnt sabenn
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Building Elevated RR in NYC

'NINTH AVENUE, NORTH FROM 430 STREET, MAY, 1876 F'WO-TRACK JOINT STRUCTURE OF THE NEW YORK ELEVATED RAIL-
> = ECd TS 2 ROAD (NINTH AVENUE LINE) AND THE METROPOLITAN ELEVATED
Showing the original elevated structures built in 1875-76 on the west curb line; and RAILWAY (SINTH AVENUE LINE) ON NINTH AVENUE (COLUMBUS AVE-

the new “L" on the roadway, east of the surface car tracks, nearing completion. NUE), LOOKING SOUTH FROM WEST S$3en STREET, IN 1878-79

I'his two-track structure was built from s3rd to $3rd Streets, on Ninth Avenue.
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Building Elevated RR in NYC

METROPOLITAN ELEVATED RAILWAY STRUCTURE ON riomn STREET

INOW CATHEDRAL PARKWAY ), LOOKING SOUTHWEST FROM EIGHTH
AVENUE, 1%78-79
In the distance, at the lefr, Lion Park is shown, located at 1oyth Street, east side of
Ninth Avenue,

STRUCTURE OF THE METROPOLITAN ELEVATED RAILWAY COMPA'NY
SINTH AVENUE LINE) BEING ERECTED ON NINTH AVENUE (COLUM-
BUS AVENUE) IN 187879
One of the highest spots of the elevated structures. Looking _uguthwes( from g6th
Street. Remains of the old Croton Aqueduct (built in 1842) visible at the extreme

right.
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6" Ave Line Station, 1878

| Frllowing the successlad testig «f o Speague syabern anald » ollrs later, sdectatfiotinn wirs sosgilete T ']
Fiipie-sesit trans cm the Secund Avese El tn 1000, the New  swltiphe-unit teaes of the Thind Avenoe lee musli
E¥0rk elovatet tomds docided to cloctrify. Two yeurs wnd  aloug above Nowisy trolley sl y

. » " O 2 s
2 New York City's "Sixth / 3 ,
and the crowded street below, ca 1945 — i [ i
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A busy intersection of elevated-railway lines in Chicago

l Lop district
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Going Underground: Transport Under People

R Baker St. Station, London Metropolitan,
"\\ X 5 commenced service 1/10/1863

A )7 /- P ‘

Pl e Ko
.

» .

Y
w
= .
g %
T ¥
A%

Cut & cover, qugl

The Metropolitan under Construction at Pracd Street, Paddington, about 11566
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\fh e Toonerville Trolley comic strip
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Thomas Davenport (1802-1851)

an American blacksmith
and inventor who invented _ \ vy Ny
the first DC electrical motor T : for the electricity
in 1834 and made a small B

model of electrical railway o i

in 1835. He patented a g s Berlln 1879
device for "' Improvements i s ) [PAfyes T
in propelling machinery by
magnetism and
electromagnetism’* in 1837
(his electric railway).

Davenport's model of an electric "train.” The
circular track is 4 feet in diameter. Power was
supplied from a stationary battery to the moving
electric locomotive, using the rails as conductors

Werner Von Siemens [ _Montgomery A |1882
1816-1892 : AE i P ‘
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http://upload.wikimedia.org/wikipedia/commons/d/db/Ernst_Werner_von_Siemens.jpg
http://home.frognet.net/~ejcov/cjvandep.html
http://home.frognet.net/~ejcov/cjvandep.html
http://home.frognet.net/~ejcov/cjvandep.html
http://www.memagazine.org/backissues/membersonly/july99/features/blacksmith/blacksmith.html
http://www.memagazine.org/backissues/membersonly/july99/features/blacksmith/blacksmith.html
http://www.memagazine.org/backissues/membersonly/july99/features/blacksmith/blacksmith.html

Princeton University Innovation of Electric Traction

Orf 467 — Transportation Systems Analysis
Fall 2014/15 The Innovators

Leo Daft (1843-1922) Baltimore 1885

Uses 3" rail

Charles Van Depoele 1846-1892

Chicago Demonstration 1883, overhead wiresaa @

- Ny S
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http://home.frognet.net/~ejcov/cjvandep.html
http://home.frognet.net/~ejcov/cjvandep.html
http://home.frognet.net/~ejcov/cjvandep.html
http://upload.wikimedia.org/wikipedia/commons/2/23/Ampereloco.jpg
http://en.wikipedia.org/wiki/Leo_Daft
http://en.wikipedia.org/wiki/Leo_Daft
http://en.wikipedia.org/wiki/Leo_Daft
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15t Really Successful System Richmond, VA, 1888

Frank J Sprague 1857-1934



http://upload.wikimedia.org/wikipedia/commons/8/8e/Frank_j._sprague.jpg
http://www.bera.org/articles/sprague2.html
http://www.bera.org/articles/sprague2.html
http://www.bera.org/articles/sprague2.html
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ELECTRIC RAILWAYS TRACKAGE 1888 -PRESENT
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<< SPRAGUE RICHMOND ELECTRIFICATION 1888
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Witherspoon St.
@ Gate to Nassau Hall

Princeton, NJ, 1930

‘‘‘‘‘‘

o

N : \-r'/ g

5 - i

/ ,éf’"‘/" x
/ N W Ysiredt Railway Lines|
L. 5/ AR SR | A | Mercer County, N.J.*
= e o . o) {
; e ==-r - T S J




TRl e Growth to Maturity of Electric Traction

Orf 467 — Transportation Systems Analysis .
Fall 2014/15 Build ‘em Everywhere
lowa

M-~ - f ;‘:_-.

/I - a_ ¥ 1) - \
» - s

- v : 27/,
" —
*,‘i\ e g S S, T A L 2
o ol »-
= = x 2 | s —
.
5 3 < = >

_— —
- - il =
'y - a— -
— - -
-. o B -
- - 3
A
., -
QN 7 >~ 2
s 0
.
4
Lo - -
- Y -
= oy
& ' e\ e
ve
Py R (AR TTTRY O e ¥ e D S e S S L o = e
-~ -~ o] ~ |
g -t
- Stae -
e
— - iy . ‘
o
) U TNheed AWV —
G : - ‘- L= ol VUL LT
Ereonl 2 . T

— -
-aw —— — x b
...... awe DEEE " e
. - ‘ l-
LAl : » - COBV “
- S

Ll : llllll o~ 14

- -+ l e /3 — - .o n:‘:- - l{

#=22ORFE



et Growth to Maturity of Electric Traction
Orf 467 — Transportation Systems Analysis .
Fall 2014/15 Build ‘em Everywhere

.‘v’ — vl $ u‘ ! ’ [ :.:" / o '

g |
*

- R
..‘.-' >
= ‘
S &

(TEERIWWiD =
2 | [~ . - e
131} VAL
'
>

To All Points of
of SOUTHERN CALIFORNIA and Traversed by
) SCHEDULED TRAINS DAILY

Including § Traias at Convenieat Periods to
worte MOUNT LOWE
A Climb from SEA LEVEL to CLOUDLAND

By Trolley Through
U AT ES o B FONDERLAND




or 47 Tmporain’
Orf 467 — Transportation Systems Analysis E I eCtr IC TraCtI on

Fall 2014/15

Putting the squeeze on the competition

-
-

e S
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§ lugubriou: and whiskered Birney made its final trip in Halifax, Nova Scotia, in 1949. Seven years earlier the streetcar
M city had carried some 32 million neonle annernllv ]



Princeton University
Orf 467 — Transportation Systems Analysis

el 20475 Death of Electric Traction

MILES AND MILES,
THROUGH THE YEARS SHOW ANGER TEARS AND SMILES
¥ LOOKS ~AND SAID | WAS TOO SLOwW

§ lugubrious and whiskered Birney made its final trip in Halifax, Nova Scotia, in 1949. Seven years earlier the streetcar

bat city had carried some 32 million peonle annunallv a
HEE
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University Nostalgia of Electric Traction
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Camden NJ
15 March 2004
© 2004 Jon Sel



http://web.presby.edu/~jtbell/transit/Pittsburgh/LightRail/
http://web.presby.edu/~jtbell/transit/Newark/Subway/
http://web.presby.edu/~jtbell/transit/SanFrancisco/FMarket/
http://web.presby.edu/~jtbell/transit/Camden-Trenton/
http://www.railwaypreservation.com/vintagetrolley/replicacars.htm
http://www.lrta.org/links.html
http://www.lrta.org/links-systems-us.html
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I Jon Bell’s Rail Transit Pages I
Good source on many of his pictures and descriptions



http://web.presby.edu/~jtbell/transit/
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LA, 1912

15t Trolley Bus
\on Siemens
Kurfurstendamm St., 1879 §

oy

In 1912 this contraption ran in Laurel Canyon, Lox Angeles,

NYC 1930

Philadelphia, 1970
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il |

H—.»

1
/V




Princeton University
Orf 467 — Transportation Systems Analysis

Fall 2014115 Growth to Maturity of Electric Trolleys

TROLLEY COACH-MILES OF NEGATVE OVERHEAD WIRE
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Early Innovators of the Automobile

Karl Benz 1844-1929

Nicolaus Otto (1832-1891)invented the first
practical alternative to the steam engine in 1876
-- the first four-stroke internal combustion
engine. He called it the "Otto Cycle Engine," and
as soon as he had completed his engine, he built

it into a motorcycle.

Daimler Maybach Improved Ottos’s Engine
1t Motorcycle 1885; 4-wheel automobile 3/8/1886


http://home.arcor.de/carsten.popp/DE_00037435_A.pdf
http://home.arcor.de/carsten.popp/DE_00037435_A.pdf
http://home.arcor.de/carsten.popp/DE_00037435_A.pdf
http://home.arcor.de/carsten.popp/DE_00037435_A.pdf
http://home.arcor.de/carsten.popp/DE_00037435_A.pdf
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Francis Edgar Stanley 1849 -1918
Freelan Oscar Stanley 1849 - 1940

Fowr of thae Tonle of Nawe AMew the Aechdaid,

INF ATTIONNTY T) THE SIARCXY FTYIN RACISO OAX 4T SKwnt: MRACH

Stanley Steamer Link Wiki EEEOR F E



http://www.stanleysteamers.com/
http://en.wikipedia.org/wiki/Stanley_Steamer
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Early Innovators of
the Automobile
Electric

History of Electric cars

AL
| R
" \.\

N

Elon Musk to the rescue?

1905 Woods

Early electric cars

GM ev1 2000

Crushed evls

=, ‘..n-. >

Who Killed the Electric car



http://www.speedace.info/electric_vehicle_history.htm
http://www.popularmechanics.com/automotive/jay_leno_garage/4215940.html
http://upload.wikimedia.org/wikipedia/commons/e/ed/GM_EV.jpg
http://www.pbs.org/now/shows/223/#here
http://www.earlyelectric.com/carcompanies.html
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Dominance of Automobiles

US Automobile Registrations 1900-2005
160

140

B A~
/
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1900 1920 1940 1960 1980 2000
Year

Automobile Registrations US
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What about Mass Transit??

Do you mean Monorails??

#=22ORFE
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MonoRails: Not a new concept
Suspended

g L3

' N
j - 5

D

LA

<

Deitz proposed elevated rails, with cars pro-
pelled by an endless rope, supported overhead.

NS ":-l.‘!!_-!l—:f
= St 220

t “.Sg‘\ p S

D sther clevutnd rellway achuere was this “privvedcdsl  cuibamra The ver seied passrgen on oaw leveb. Vet

} * devebiped by a Comeral Stome of Thomatovile,  power was 1 conelat of & bacenatrve Mtk two boders |
. INTS The tne's “seddiebeg” car was draped o0 weck side of the ginder. npphying viawm 1 o rtary
k"!'ﬂ-lud-l girder supperied by & engle sow of lnw g~ New York Tublic Liwary

4

End of a bright dream: a wrecking crew props up the toppled
Pelham Bay monorail car, Note the single rail on the ground.
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8.3 miles

+20 stations

*22.9 M pax/yr

+72,000 pax/day b
*Av occupancy 52.8% N
*2.9 miles Av.Travel Distance il W i .q:!}‘
+.03632 kWh/pax OE -

Vohwinkel

—1

Movie
Elberfeld

< ~  HORFE

@ schwebebahn,com



http://video.google.com/videosearch?sourceid=navclient&ie=UTF-8&rls=GGLD,GGLD:2003-47,GGLD:en&q=Wuppertal+Schwebebahn&um=1&sa=X&oi=video_result_group&resnum=4&ct=title#sourceid=navclient&ie=UTF-8&rls=GGLD%2CGGLD%3A2003-47%2CGGLD%3Aen&q=Wuppertal%20Schwebebahn&um=1&sa=X&oi=video_result_group&resnum=4&ct=title&start=10
http://en.wikipedia.org/wiki/Schwebebahn_Wuppertal
C:/Documents and Settings/alaink/Desktop/Scanned Slides/Monorail Compressed/Deutschland~Magnetschwebe-,+Schwebe-,+H-Bahnen~Wuppertaler+Schwebebahn.htm

MonoRails:
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Automated Systems
Commuter Rail

Lindenwold NJ Line &

Washington
Metropolitan Area
System Map

@ Station In Service
O Future Sastion
@ Transter Station
&% Parking

Legend

. Red Line - Glenmont /
Shady Grove

. Biue Line - Addison Road /
Huntington

@ orange Line - New Carroliton |
Vianna



Princeton University
Orf 467 — Transportation Systems Analysis AU'[O mated Peop I e M overs

Fall 2014/15

Westinghouse SkyBus,
South Park Test Track Pgh, Pa

L

wr ¥
] ‘S




Princeton University
Orf 467 — Transportation Systems Analysis
Fall 2014/15

Westinghouse SkyBus,
South Park Test Track Pgh, Pa
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(On the vehicle switch!)
Rapid transit (GRT
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Starts with Alden Starr car
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http://www.youtube.com/watch?v=nMPwvtgHr98
http://www.youtube.com/watch?v=gi3SPi2zJbA&feature=related
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airtrans VOUGHT
D/FW OPERATIONS
AND MAINTENANCE STAFF
MANAGEMENT AND ADMINISTRATION 3

PURCHASING AND SUPPLY

ENGINEERING 3
OPERATORS 1
MAINTENANCE 84
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FEGURT VIA D ANN BEARING CONCEFT

Compatible with:
*On-vehicle switch

Linear induction propulsion
«L_ow Floor Active element of LIM in guideway
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1. Linear Induction Motor 4. Magnet for Support and Guidance
2. Reaction Rail 5. Auxiliary Magnet for Passing over Switche
L Armature Rall for Magnaetic

Support and Guidance




Alternative “Support”:
Overhead Suspended

Rohr Monocab
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Alternative “Support”:
Overhead Suspended

Rhor Monocab
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£ Alternative Headway Control
‘ARAMIS” Y

Laser range




Alternative Headway Control
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~40 years ago...

— Morgantown

BOENEG
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Along the way...

Nothing much...

#=22ORFE



Princeton University

Orf 467 — Transportation Systems Analysis
Fall 2014/15

Current PRT Innovators:
Vectus

Link & Video



http://www.core77.com/blog/transportation/the_vectus_personal_rapid_transit_system_a_pininfarina-designed_metro-on-demand_and_its_real_22735.asp
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And Today...

Masdar (2GetThere) & Heathrow (uitra) are operational
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http://thecityfix.com/masdar-city-an-urban-fantasy/
http://thecityfix.com/masdar-city-an-urban-fantasy/
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Today...

mobility system today
& planning an
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« PRT: Tough business case:

— Segregated guideway too often needs to be elevated
« Tends to pass by bedroom windows
« Tough sell at public meetings
« Guideway is Expensive

— Small initial systems tend to be in areas of high demand
« While a small vehicle system would work, so will a larger
vehicle system, which has less risk

— Example: airports, large APM (Automated People Mover) just
fine even though they have no expansion potential (nor does the
“owner” have expansion desires)

« Therefore, not easy to get started.

ek 1 #=22ORFE



Princeton University
Orf 467 — Transportation Systems Analysis
Fall 2014/15

« Automation of Road Vehicles

— Automated Highways (1939 -> 1999)

« Automated vehicles on exclusive automated highways
— Tough business case:

» no one will build an automated highway if there are no cars
to run on it

» No one will buy an automated car if it doesn’t have any
roads to run on
» (Henry Ford lobbied hard (
) to have “Farm2Market” roads built throughout
the country so that buyers of his cars & trucks would have
somewhere to drive them.

 National Automated Highway System Research Program
(1992~1997)

CE
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http://www.thehenryford.org/research/photoFilmDepart.aspx
http://www.thehenryford.org/research/photoFilmDepart.aspx
http://onlinepubs.trb.org/onlinepubs/sr/sr253.html
http://onlinepubs.trb.org/onlinepubs/sr/sr253.html
http://www.uctc.net/papers/624.pdf
http://www.uctc.net/papers/624.pdf
http://www.uctc.net/papers/624.pdf
http://www.uctc.net/papers/624.pdf
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« Automation of Road Vehicles

— Concept of Automated Vehicles Sharing Roadways
with Conventional Human-driven Veicles (1994 -> )
» | suggested the concept during the National Automated
Highway System Research Program (1992~1997); however, it
wasn’t pursued.
 Concept gained some traction during DARPA Challenges
(2004,5,7)
« Concept Propelled by Google’s initiative to develop
“Driverless-car” starting in 2010.
« NHTSA “Automation “Levels”
— (Level 0 (no automation) through Level 4 (driverless)
» Google: “Level 4” Product Market ready by 2018
» Nissan: 2 “Level 4” Models in showroom by 2020
» Volvo: Zero deaths by 2020
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http://www.smartdrivingcar.com/
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