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( Freeway Travel Rate/ FreewayFlowRate
Freeway Freeflow Rate
Freeway Peak Period VMT + Pr &. Arterial Street Peak Period VMT

X Freeway Peak Period VMT)

__Pre. Arterial Street Travel Rate .
( P EE 2l S Freeflow Rate T reeway Peak Period VMT)
+ Freeway Peak Period VMT + Pr €. Arterial Street Peak Period VMT

ANA, vuT = ZZ]Z[AADTXIJ

; = length of segment

j = E2 7% 77

3) Florida's Mobility Performance Measures Program (2000)
Z2EtoA 9% 9= Florida’s Mobility Performance Measures
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olZ 9ste] ZREt}t wEFAE 2020 Florida Transportation Plans 7]
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<FE M-4> UEVE 0[3A WKE =2 724 (Mobility Performance Measures for Metropoliten Transit Systems)

oy At O|1EA TIK|E
(Dimension of . e< X9l
. (Mobility Performance Measure)
Mobility)
Esliat
.OCHO £X12 (Ridership) Z SMEsH2E (Total passenger trips)
(Quantity of Travel)
Eajo| & L22A/HENE EHA|ZIH|E Door—to—Door trip time
(Quality of Travel) AMZ|E (Reliability) XAM (On—time Performance)
Coverage % person minutes served
M
s 2= (Frequency) AlZbE AL
(Accessibility)
Span MH|A A2 (Hours of service per day)
E=2=s
[ L F i
(Utilization) oad Factor % seats occupied
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Florida | Metrop
oY A2 0|3y HIlX|=E Intrastate | olitan
(Dimension (Mobility Performance Highway | Highwa psel]
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=ayat Person miles traveled [ [ ] AADT+length*vehicle occupancy
3
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=510 7 Delay . [ ] [ ] z}verage delay
. Average travel time [ Distance/speed?2
(Quality of P— - —
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. L [ J [ J .
intermodal facilities metropolitan)
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: facility proximity coverage
iles bicycl . o
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Duration of congestion [ [ Lane—mile—hours at LOS E or F

4) CTA(Chicago Transit Authority) Service Standards (2001)
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AjZF = MZF 72| (mile) alei™ol 32| (mile)
e | IUE 1/2 1/4
B SE xale 1 1/2
3 J/m4 1 1z
% == 28 1 1/2
2t 2 L

(2) Span of Service

Span of Servicex AH|A7F AlFE = AZE 28]al glFalEol
AAYE Yu)EtsE Ao EA CTAoﬂ/H“ F8 X(key routes)9} X
(support routes) < X]Xgé}oq PERLE Huj A A7HS ARG %

T o0 deste] rEAoR % Jstar itk

(3) Frequency of Service

Az MEE $A5L AT

=]
= R

o
s
4
lo
b
ot
o
N
oH
o
rir
PR
o
1o
i=)

49



S A0 ol 48, B8 BEA Y EHE ARIAL o187 o v
st WANAL ol

SATE O E = passenger flow

N
ol
ol
oL
ot
)
jato)
2,
>
=
of
=l
off
4
L
lo,
lo,

of o8 W e AT Mulart AlgEth ol YoM AFE service
frequency <t 71 WASHA #dol Stk & 7bF E¢ek AH-oA WA g

60rg 2l A 8&Fo] EFATES A Wez ARGE,

WESEL | Passenger Flow / 302 | HiAIZ}Z | Xj2iet o[22 | Xjzkzo|
= 300~360 52 50~60
Bz 3840~4680 4.58 75~90 gt
Bz 3510~4050 48 75~90 6

(5) Minimum Productivity

50



A2d QAT B 2 3L

1A

A <]

378

b2

b #E 95

B
X

B
1o
Njo

)
pi
B
1o
Nfo

~X
e

stol oltolaitk, mebd B AoAE o

e @A =fiel A <

)

=

o35

=l
oo

<0

=
e

)

—

@2l EMME/29} TransCADE &

N

o

57

=2

.

Foll ut

=4

-
L

sz wae

[e)
L

isd

oA}t ®

o

7
NJo

Pl

160

KO
=
10

o
o
pd

K

51

z]i

&

A 9l

ZHAQ
1A A

9

shiz 7hg

)

SNEELD
Ao BAXAA 77 9

=

S
1

==
=2

7ol ‘thFalE o] &A7t



& Adgdg’s 7He 7ke s it

5, A9 VSRS SWshe ERY ANE 1 714 d4d Hd A
2o wjgsks Aolrt of 7 71A3 T Abole] S o] Hal F AHE
Adsts 4= 47F Hon ofg TGl Az AJ| Aolrt g melnt A
&0l 7hester ddAolA] X dilo] gitth o] RAL diFals e &

(2) &2EY SUHYZY

AAZ B3 wjA LS 3t} 7|24E Addss 2479

o
Fekael Byol ofste] ANE F oF olgale] B WP

2 A2 Optimal Strategy) E3u]4
AGE BPow g o] 54
He oYl 48 + ded ol
(Strategy)olztaLl g ej it

Spiess—Florian(1989)2 Hefe ot or wdst & ¢ =S 4o &
g T A& F 9}{— Are d7lstal gle ARgelA thael E&se =4

of U el et A o flvkal 7Hg stk

282 Spiess-Florian(1989)20] ]3]
A V] Tzety] flsto] A= AdE W
1} /\‘]Eﬂ Hl—\ﬂJCv/] 2151—0 =] 2k

HHZ= i

o2
z
)
o
mv
A,OL
ol
N
rir
>4
m1o

Spiess-Florian< 4 % 2H(Optimal Strategy)©]
2} s}ﬂ RE FHE O] Xm0ﬂ we} o] ol k= % 2H(Optimal Strategy)

2) Spiess,H. and Florian, M., "Optimal Strategies : A new assignment model for
transit networks", Transportation Research B,Vol.23,pp. 83—102, 1989.
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3) De Cea J. and J. E. Fernandez, "Transit Assignment for Congested Public
Transport System : An Equilibrium Model", Transportation Science Vol. 27, No. 2,
pp. 133—147, 1993.

4) Spiess, H., "Transit Equilibrium Assignment Based on Optimal Strategies : An
Implementation in EMME/2", EMME/2 Support Center, 1993.
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Integrated Transit Service Evaluation Methodologies
Using Transportation Card Data

Project Number SDI 2007-R-09

Research Staff Seongil Shin (in Charge
Yongchan Cho
Changju Lee

Seoul Metropolitan Government carried out the full-scale organization of
public transportation systems in two thousand four. This organization included
median bus lane system, integrated distance-based fare system and free transfer
system between transportation modes. This new public transportation systems
require epoch-making payment system instead of previous payment methods
naturally. In result, public transportation card system called smart card was
introduced in earnest.

Public transportation card includes the information of individual trip, transfer
and used means that can not be collected before. Moreover, this characteristic of
smart card system may contribute to evaluate mass transit service among
transportation means and regions.

This research proposes the methodologies of public transportation service
evaluation among regions-based-on public transportation card data. Suggested
methodologies consists of mass transit service evaluation index, evaluation
methods among regions and integrated mass transit evaluation models.
Specifically evaluation index is divided into station-based(point-to-point) index
and area based(area-to-area) index. Evaluation methods include station-based
intermodal network building, the linkage of geographic information system and
subway users’ behavior model. In addition, similar path algorithm based on
k-shortest path algorithm and path-based trip assignment model are proposed in
this research. In order to verify the suggested methodology, case studies are
performed in the end.
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I. Development of Public Transportation Evaluation Models

1. The Conception of Public Transportation Evaluation Index and Models

Travelers’ trace can be built by public transportation card data and this
information have used modes and transfer data.

Evaluation models in this research are based on travelers’ paths so users’
paths from various classes can be traced including used modes. Therefore,
proposed models are able to analyze the effects of new transportation lines and
policies.

Public Transportation Evaluation Model

New Mass Transit Line Development
& Transportation Policy

4

Service Evaluation Index Among Regions o P
ransportation
Evaluation Index Mobility Accessibilty | Equality Card Data
Service Index + Average Travel Speed = ¥ Transportation
bl Transfer Frequency UsingData Network
7 g [ [watng e +Public Transpartaton v New Mass Transit
Core Daim Lines & Poli
«Travel Time for Cars « Transporiaion Network icy
“Travel Cost
~Service Evaluaton +Congastion Degree
ora psinI e = Generalized Cost
+Servce Comparisan + Access Tme to Staion
et e melo Tt By Stated Preference
+Travel Characteristics
Among Regions

Changes of New Mass Transit Line Development
& Transportation Policy



2. Methodology of Public Transportation Service Evaluation Among Regions

1) Public Transportation Service Evaluation Index

(1) Notations

. Using mode
. Using path

. Transfer node of using path

m

n

k
uy, Travel speed using m mode from i node to j node
T, - Travel time using m mode from i node to j node

D7 - Travel distance using m mode from i node to j node
’Z?]. - Getting on time at k node of n path from i node to j node

DT Getting off time at k node of n path from i node to j node
WT’; ; : Total transfer time of n path from i node to j node
TWT . . Total transfer time of all paths from i node to j node

AWT ;- Average transfer time of all paths from i node to j node

S;; + Travel sample number from i node to j node

U’]’f 7 . Travel speed using m mode from I area to J area
’]’f 7 . Travel time using m mode from I area to J area
’]’f I Travel distance using m mode from [ area to J area

(2) Station—Based Service Evaluation Index(Point—to—Point)

@ Average Travel Speed

@ Transfer Time



W’F’Zf=§KUY“Z/-,k—DY“Z/-,k>

Tsz;fngf?,f

(3) Area—Based Service Evaluation Index(Area—to—Area)

@ Average Travel Speed

22D
Uy="" Vi, j; i€l ]
22T

@ Transfer Time

TWI,IZZZZ]j Wr', ; Vi j; i€l je]
AW]‘]Z TW

S, Vi, js i<l j<]

2) The Establishment of Station—Based Intermodal Network

Previous census ODs and transportation network have some limitation when
analyzing public transportation systems. Consequently, station-based intermodal
network methodology using station location coordinates and mass transit line
data is proposed to overcome former limitation in this section.



" Conversionto TM \ P + Conversion from Longitude/ Latitude
Coordinates v Coordinates to TM Coordinates
Bl
N
4 e . « Using the Bus and Subway Station
‘.7 Nodes Building / — Coordinates
[
A 4
\ Vit (s Bl & y [ Using lthe Bus and Subway Station
) Coordinates
1 « Using Computer Programming
.
* Virtual Transfer System i 4 + Using the Bus and Subway Station
Building | Coordinates
» Setting up the Range of Transfer by
N Computer Programming
4 Mass Transit .
Routs Building {771 | +Using the Bus and Subway Line Data
[ 1
N
‘ i mere i @ | g—n + Using the Sccial-Economical Data

+ Linkage with GIS

3) Subway Users’ Behavior Model

Public transportation card data have subway travel information but there are
not in-vehicle travel information such as transfer and used routes information.
Thus, travelers’ virtual paths should be built in order to get the in-vehicle
travel information of subway.

Estimation of Transfer Penality } Survey of Transfer Facilities

| Stated Preference Survey
—— of Transfer and Satisfaction

Calculation of Generalized Cost } Survey of Travel Routes

Travel Time

Transfer Time
Travel Stations

(Multi-Objective Routes Searching)

Transfer Frequency

L Classification of Non-Dominated Paths

Determination of Similar Paths J | Generalized Cost

Traffic Assignment

Using of Logit Model




3. Integrated Public Transportation Evaluation Models
1) Similar Path Determination Algorithm

Mass transit users have several alternative routes when they travel.
Therefore, to express their exact travel behaviors, it is required to know several
similar paths that offer equal service level. In this research, generalized cost is
used for determining similar paths and proposed similar path determination
algorithm is based on the k-shortest path algorithm.

‘ K=1; Optimum Route Searching ‘

l

‘ K=K+1 ; Kh Optimum Route Searching ‘

}

Whether Kb Route is

<& similar to 1st route | STOP
. or not — NO
ves |

2) Path—Based Trip Assignment Model

An algorithm being suitable for path-based trip assignment models is
suggested and proposed algorithm can also contribute to make full use of public
transportation card data. For this, column generation algorithm known to draw
the stable solution is adopted. This algorithm uses the methodology that is to
take local approximate equilibrium from partial network and expand local
approximate equilibrium to global equilibrium. Process of suggested algorithm is
summarized to three steps for calculating equilibrium solution in a network.

mk
eStep 1 : Search the optimum path P of m mode and OD pair W
in multimodal network G . If new path is searched, add to a path set.

eStep 2 : Draw the equilibrium condition of partial multimodal network

k

G" .

ﬂlk k
e Step 3 : Delete the path set P that traffic volume is zero after G"

reaches equilibrium condition.



II. Conclusions and Recommendations

1. Conclusions

This research develops the public transportation evaluation models that can
be used mass transit service appraisal with public transportation card data.
Specifically public transportation evaluation index and models are proposed and
methodology of mass transit service evaluation among regions is also offered.
Besides, integrated public transportation evaluation models such as similar path
determination algorithm and path-based trip assignment model are suggested.

2. Recommendations

Public transportation card is going to be used on a national scale and
simplification and unification procedure of smart card is going to be performed.
This means that national-scale individual travel information can be collected and
mass transit service evaluation is possible. In this situation, the research and
development of national-scale traffic demand forecasting and mass transit
service evaluation models are required.

Besides, the researches about transfer center location and effectiveness
analysis of public transportation lines are needed using station-based network,
path-based trip assignment models and geographic information system with
smart card data.

Finally the research and development of nationwide transportation analysis
model that can evaluate all the transportation lines and service including
passenger cars, taxis and mass transit in a multimodal transportation network
are necessary.
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