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PREFACE 

In order to examine specific Automated Guideway Transit (AGT) developments and 
concepts - and to build a better knowledge base for fu1ure decision-making - the 
Urban Mass Transportation Administration (UMTA) has undertaken a new program of 
studies and technology investigations called the UMTA Automated Guideway Transit 
Technology (AGTT) program. This program is being administered through the office of 
New Systems and Automation at UMTA whose director is Charles Broxmeyer. Duncan 
MacKinnon is the Program Manager for the AGTT program. The objectives of one 
segment of the AGTT program, the Systems Operation Studies (SOS), are to develop 
models for the analysis of systems operations, to evaluate performance and cost, and 
to establish guidelines for the design and operation of AGT systems. A team headed 
by GM Transportation Systems Division (GM TSO) has been awarded a contract by the 
Transportation Systems Center to pursue these objectives. 

The purpose of the Application Area Definition task is to define the travel demands 
and guideway networks for a set of representative AGT system deployments. These 
demands and networks, when combined with detailed descriptions of the systems and 
their operating characteristics, define the representative systems to be modeled and 
analyzed in other tasks within the SOS program. 

The report was co-authored by Robert W. Cowan, Loren S. Bonderson and Femia S. A. 
Alberts, all of GM TSO, who were responsible for the demand modeling, deployment 
definitions, and network flow analyses, respectively. Revisions were made by Gary C. 
Sullo. Writing and final preparation of this report were the responsibility of Ronald A. 
Lee, also of GM TSO. 
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1.0 INTRODUCTION 

This final report describes the formulation of representative travel demands and the 
definition of specific system network configurations to serve the travel demands. 

l. l OBJECTIVE 

The purpose of the Application Area Definition task is to specify a set of deployment 
scenarios in which various AGT systems may be modeled and evaluated, where the specifi­
cation of a deployment scenario includes: 

1. A travel demand model for the area in which the system deployment is 
being analyzed 

2. The selection of an AGT system class 

3. A guideway network configuration suitable for the travel demand, 
system class, and general features of the application area. 

1.2 SCOPE 

The demand models developed as a result of this task are representative of general 
travel demand types; as such, it is not intended that they be calibrated to accurateiiy 
replicate the travel patterns of any specific locales in any particular yeors--even though 
these models are based upon data pertaining to specific areas. Furthermore, mode choice 
modeling is not included in the demand model formulation process except when appropriate 
transit demand data are already available. The demand model development task, then, 
includes: 

l. The definition of travel demand types to be modeled 

2. The acquisttion and processing of data sufficient to construct the specified 
demand mode ls 

3. The implementation of the models in such o way that they are compatible with 
the needs of other analysis tasks in the A GT-SOS project. -

The network configurations developed as a result of this task must be specifically 
tailored to the travel demand, system class, and general features of the application area. 
However, they must also be representative of more general network classes so that the 
sensitivity of system performance to network type may be clearly seen. To accomplish 
this, the network configuration task includes: 



l. The definition of general network types based upon operational characteristics 

2. The selection of specific combinations of AGT system types, general network types , 
and demand environments to be analyzed in the System Operations Studies project 

3. The detailed specification of network configuration including station locations, 
merge-diverge locations, and guideway routing as a result of network flow 
analysis in which the compatibility of system network and demand is evaluated. 
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2.0 SUMMARY 

This section summarizes the results of the Application Area Definition tasks per­
formed as part of the System Operations Studies project. A top-down approach was used, 
and, as such, the demand models (Chapter 3.0) and network configurations (Chapter 4.0) 
were developed In parallel. Thus, Chapters 3.0 and 4.0 contain many cross references. 
Figure 2-1 presonts an overview of the application area definition process as it applies to 
the organization of this report. 

Travel Demand 
Modeling: 

Rep re sen tat ive 
--- Application Areas 1-------~ 

Developed 

Zonal Demand 
Distributions 

Temporal 
Factors 

Spatial 
Matrices 

Station/Station 
Demand 

Developed 

Demands 

Network 
Configuration: 

Network 
Deployments 

Developed 

Flow 
Analysis 

Networks 

FIGURE 2-1. APPLICATION AREA DEVELOPMENT OVERVIEW 
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2.1 TRAVEL DEMAND MODELS 

A study of travel demand characteristics and consideration of potential and existing 
AGT system deployments led to the definition of seven demand model types for the 
AGT-SOS project. In order to obtain realistic, detailed demand models , each separate 
model is based upon available travel demand data for a specific locale having characteristics 
similar to those desired of the model. The seven demand model types--each followed by 
the name of the representative area upon which the model is based--are listed below: 

1. Metropolitan area with a relatively low CBD orientation of work trips but 
with high reverse commutation (travel from the Central City to outside the 
Central City)--Detroit, Michigan 

2. Metropolitan area with high CBD orientation, but with low reverse commutation-­
Washington, D. C. 

3. Metropolitan area with both high CBD orientation and high reverse commutation-­
Cincinnati, Ohio 

4o CBD circulation with a relatively high projected Downtown People Mover de­
mand--Detroit, Michigan 

5. CBD Line-Haul with relatively low projected DPM demand--Houston, Texas 

6. Activity Center Line-Haul--West Virginia University (Morgantown, West Virginia} 

7 • Activity Center Circulation--Dallas/Fort Worth Regional Airport. 

Each demand model consists of a series of spatial trip matrices (one for each time 
interval of interest} stored in UTPS-compatible "UMTA compressed" format. Metropolitan 
area demand models were developed from home-interview survey data supplied by agencies 
in the three chosen metropolitan areas. CBD demand models are based upon data generated 
in the course of DPM planning in the two selected cities. The activity center line-haul 
demand model relies upon a combination of projected ridership data and operating data. 
Finally, the activity center circulation demand model was developed by estimating the 
distribution of trips represented by station turnstile counts. 

For the activity center applications, station-to-station demand matrices were 
developed directly from the reference data. The process for generating zone-to-zone 
demand matrices for the metropolitan area applications has been developed, and the 
Feeder System Model (FSM) was used to generate station-to-station demand matrices from 
the reference zone-to-zone demand for all deployments. 
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2.2 NElWORK CONFIGLmATION 

The following general network types represent the range of significant network 
influences on system performance: shuttle, loop, one-way loop, two-way loop, multiple 
loop, fully connected grid, and partially connected grid. 

A total of 19 representative system deployments hove been initially selected for 
analysis in the AGT-SOS program. Each deployment consists of a system type, a 
general network type, and the demand environment. These deployments include 11 
SLT deployments, two ART deployments, four GRT deployments, and two PRT 
deployments. These deployments satisfy all of the guidelines identified for deployment 
selection. Only a Sl;bset of these deployments was analyzed in detail during the 
program. 

The specific network configurations for each deployment are presented in 
Section 4.0. Station locations are primarily based upon the locations used in similar 
systems already built or proposed. Specific measures such as guideway length, station type 
and number, and junction number are included in the network figures of Section 4.0. 

The results of network flow analysis for the 11 SLT deployments are presented. 
The purpose of the network flow analysis is to evaluate the compatibility of each network/ 
system/demand combination in terms of the capability of the system/network combination 
to satisfy specific service goals when deployed in the selected demand environment. The 
objective of the analysis is to ensure that the system deployments selected for detailed 
analysis during the System Operations Studies are reasonable ones. 
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3 .0 DEMAND MODELING 

3.1 TRAVEL DEMAND CHARACTERISTICS 

Travel demands may be generally described in terms of several characteristics, re­
gardless of the particular situation being considered. "Demand," in this case, is the total 
movement of persons within a specified analysis area, possibly including trips having only 
one end within the analysis area. 

A significant travel demand characteristic is the size of the analysis area. For the 
purposes of the AGT System Q,e-ations Studies, analysis area sizes will vary from major 
portions of entire metropolitan areas to localized parts of small-area activity centers; that 
is, from hundreds of square miles to less than one square mile. 

Aggregate trip-making volume is another important characteristic of a demand a nal­
ysis area. The average daily number of trips in a demand analysis area, for example, is a 
measure of this type. Disaggregation of demand magnitude by specifying magnitudes for 
each of several smaller time intervals results in a third demand characteristic: temporal 
distribution . Disaggregation by subdividing the overall demand analysis area into smaller 
units and then specifying demand magnitudes between pairs of areal units, and possibly 
with in units , allows a demand analysis area to be described in terms of spatial distribution-­
another major demand characteristic. 

Travel demands also have several less significant characteristics· when considered in 
the context of AGT-SOS analyses rather than conventional transportation planning . One 
such characteristic is the distribution of travel group sizes (that is, the number of persons 
traveling singly, in groups of two, in groups of three, and so on). Many additional char­
acteristics, such as demographic and socioeconomic measures, are related to the traveler's 
decision to make a trip and to the choice of a travel mode; detailed ana lyses of those de-

·cision processes are beyond the scope of the AGT-SOS project and ore not inc luded in the 
formulation of travel demand models used in this project. 

An examination of potential /GT system application areas, along with the charac­
teristics discussed above, suggests a top-level classification of demands into two groups: 
metropolitan areas (or substantjal portions of metropolitan areas) and activity centers (sma ll 
areas of high travel intensity). The difference in demand anal ysis area si ze between the 
two ga,ps is clear. The travel volume difference between the two groups is also great. 
Metropolitan areas ore characterized by large numbers of trips occurring at low densi ties 
throughout large areas. Conversely, activity centers have low to moderate numbers of 
trips with high densities in small areas. Temporal demand distributions are expected to be 
somewhat uniform within the group of metropolitan areas, whil e the temporal dis tributions 
of activity center demands ore like ly to differ from both those of metropolitan area demands 
and those of other activity center demands. Spatial demand distributions va ry greatly a­
mong demand analysis areas within each group and between the two major g roups . 

Since any comparison of a demand area chosen from one group with an area chosen 
from the other group is expected to indicate great differences in all four of the major demand 
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characteristics, it can be judged that the basis for establishirg the two groups is sound. 
The variations in one or more characteristics among members within each group, however, 
suggest that each group may be readily divided into more homogeneous subclasses. 

3.2 DEMAND MODELING APPROACH 

The primary function of the AGT-SOS demand models is to provide a range of tra­
vel demand environments in which a -.ariety d AGT system deployments may be analyzed. 
It is the goal of eoch demand model to represent travel demand in such a way that realistic 
passenger loadings are input to the AGT system analysis process. Particularly, it is impor­
tant to avoid the use of a demand model which might bias AGT system analysis results due 
to unrealistic patterns of trip-making. An artificially symmetric spatial distribution of 
travel demand, for example, might produce network trip loadings which are more easily 
accomodated than ~ther loading patterns, possibly altering conclusions with regard to sys­
tem capacity. Similarly, the use of demand models having unusual proportions of long and 
short trips, unrealistic durations or magnituoos of demand volume peaks, or other anomalies 
could also potentially generate misleading analysis results. 

At least two alternative demand modeling approaches may be considered: abstract 
models of composite demand analysis areas may be formulated, or data from individual 
areas may be used directly with little modification. 

An example of 
1
the first approach is the development and use of 11 Plastictown, 

11 
as 

reported by Benjamin. Plastictown is a hypothetical 1990 city which was synthesized 
from composite characteristb of the 30 largest urbanized areas (based upon 1990 projected 
populations and excluding New York, Chicago, and Los Angeles). The abstract city is 
circular in shape and is divided into three rings; the outer ring contains six 11fingers 

II 
repre­

senting travel corridors having higher densities than the outer ring as a whole. Plastic­
town travel demand is defined in terms of nine large zones (four in the outer ring, four in 
the middle ring, and the CBD), with estimates of peak-period and daily zone interchange 
trip volumes. This type of demand mode l is quite appropriate when used for its intended 
purpose--macroscopic comparison of distinct transportation alternatives. It is not clear, 
however, that this type of demand model is adequate to produce meaningful results when 
used in conjunction with a detailed system simulation . 

The second demand modeling approach seems to be more suitable for the types of 
analyses planned in the AGT-SOS project. This approach to the formulation of a particu­
lar demand model involves selecting an actual demand situation with characteristics simi­
lar to those desired, and then obtaining, modifying, and using data which describe that 
demand. There are at least two distinct advantages associated with this approach. First, 
the analyst is assured of having a model capable of representing a minimum of one "real" 
travel demand environment. A composite abstract demand model is unlikely to resemble 
any one of its constituent demands in any but the most superficial ways. Second, the aver­
aging process used in the formulation of a composite demand model must, as a practical 
necessity, operate upon data sets which have been individually aggregated to a great ex­
tent. Therefore, the detailed characteristics that make each demand situation unique are 
obscured initially and then lost entirely during composite demand model synthesis. While 
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it may be feasible to disaggregate a composite demand model in order to realize the necessary 
level of detail, the process would be cumbersome. The use of a demand model which retains 
the detailed information concerning an individual travel demand environment avoids the 
difficulties associated with aggregation and disaggregation. 

~ 

For the above reasons, it was decided that the travel demand models employed in 
the AGT-SOS analyses would each be based upon data pertaining to a single locale. The 
freedom remains, of course, to choose each locale on the basis of its aggregate demand 
characteristics and to modify the resulting demand model as necessary to achieve other 
characteristics. The types of data utilized in the various demand models can be expected 
to differ considerably, depending upon the data source (origin-destination surveys, 
cordon counts, pedestrian counts, turnstile counts, analytical forecasts, or other sources) 
and the level of detail available (the degree of spatial and temporal aggregation relative 
to complete enumeration of all trips). 

3.3 SELECTION OF MODEL TYPES 

The analysis of a wide range of AGT system types and networks will require a var­
iety of travel demand models. It is clear that more than one demand model for each of the 
two major demand classes (metropolitan areas and activity centers) will be needed. The 
combination of system types, network types, and demand types chosen for analysis, however, 
must be limited to a manageable number. These considerations indicate the need for sub­
classifying demands as a guide in selecting a small number of demand model types. 

Within the general class of "metropolitan areas" it is possible to define many sub­
classes on the basis of the major demand characteristics discussed in Section 3. l of this re­
port. These characteristics are analysis area size, demand magnitude, temporal distribution, 
and spatial distribution. In order to minimize the number of basic demand models (those 
based upon data from separate locales), the parameters distinguishing subclasses should be 
restricted to those which are not readily varied after model formulation. That is, a separate 
demand model should not be creatE=;d if similar results could be obtained by modifying on 
existing model. The size of a demand analysis area con be varied by simply manipulating 
the x-y coordinates of the area's zone centroids. 

Demand magnitude variations can be accomplished by applying a constant adjust­
ment factor to all of a model's magnitude components. Similarly, temporal distributions can 
be modified by applying separate adjustment factors to all magnitude components associated 
with corresponding time intervals. Spatial distributions are, in some respects, more diffi­
cult to vary than other demand characteristics. A city with a strong CBD orientation, for 
example, may have different circumferential travel patterns than is typical of less C BD­
oriented cities; merely increasing the relative CBD trip attraction of a non-CBD-oriented 
demand model does not ensure that the resulting model resembles that of a CBD-oriented 
city. Therefore, spatial distribution is perhaps the most suitable characteristic for classi­
fying metropolitan area demands. 

Since the travel patterns in a metropolitan area are strongly influenced by the pres­
ence of one or more Central Business Districts, a measure of relative CBD trip attraction 
appears to be useful for demand classification purposes. A convenient way of expressing 
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CBD orientation is to calculate the percentage of all daily work trips in an urbanized area 
which terminate in the CBD. Another potentially useful spatial distribution measure is the 
relative amount of "reverse commutation; 11 that is, the number of persons residing in the city 
and working in the suburbs. This measure can be related to readily available data by com­
puting the percentage of all daily work trips in the urbanized area represented by trips of 
central city residents to places of employment in the urbanized ring (the portion of the urban­
ized area outside the central city). 

If high and low values are considered for each of the two spatial distribution mea­
sures, a total of four basic demand models are defined: low CBD orientation and low reverse 
commutation; low CBD orientation and high reverse commutation; high CBD orientation and 
low reverse commutation; and high CBD orientation and high reverse commutation. The 
first type, in which both measures are low, suggests a metropolitan area potentially more 
difficult to serve with capital-intensive transit systems than the other three types. This is 
due to a lack of both a high proportion of CBD trips and a strong reverse travel demand to 
utilize excess system capacity in that direction. Therefore, it is felt that the first demand 
model' type can be excluded and only the other three types implemented. 

Activity center demands may also be subclassified on the basis of four major charac­
teristics. It seems more convenient, however, to subclassify activity center demands ac­
cording to the nature of the associated activity. The following activity center types are 
among those for which AGT systems may be appropriate: Central Business District, univer­
sity, airport, medical center (possibly combined with a university), zoo, shopping center, 
recreation area, business or industrial complex, stadium, and exposition. 

One division of areas is into either CBD or other activity centers, with either 
line-haul or circulation systems. The analysis of CBD deployments is particularly 
important due to the number of cities planning Downtown People Mover systems, the 
potential complexity of CBD networks, and the fact that DPM riders will be less 
"captive" than those of most other activity centers (that is, persons considering trips within 
a CBD are free to choose other modes or possibly cancel their trips if they are · 
dissatisfied with AGT service, while travelers in other activity centers may have no 
other practical alternative). The choice of two CBD types with different demand 
magnitudes enables a more complete analysis of CBD systems, while a single demand 
for each of the other two activity center types should be sufficient. The total of four 
activity center demand model types provides an interesting variety of demand mag­
nitudes, spatial distributions, and temporal distributions-for which AGT systems can be 
evaluated. 

3.4 MODEL DATA SOURCES 

Fol lowing the selection of basic demand model types, it is necessary to choose 
sources for the travel demand data which will be incorporated into the models. The data 
used in each demand model, of course, should have characteristics similar to those desired 
in the final model. For metropolitan area demand models, data specifying travel demands 
in representative metropolitan areas are needed . Similarly, activity center demand models 
are to be based upon data which define trave l demands in representative activity centers. 
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Three metropolitcm orea demond model type~ hove been selected for implementotion: 

• Low CBD orientotion and high reverse commutation 
• High C BD orientation and low reverse commutation 
• High C BO orientation and high reverse commutation. 

It was decided to choose a metropolitan area of each type from among the largest 
35 Stand<Jjd Metropolitan Statistical Areas (SMSAs) in the United States. The Urban 
Data Book lists populations, land areas, and journey-to-work data (among other information) 
for each SMSA. Table 3-1 is a compilation of SMSA land areas, with each SMSA subdivided 
into smaller components. The following abbreviations are used in that and other tables: 

• SMSA--Standord Metropolitan Statistical Area 
• R&SU-- Rural and Scattered lkban 
• UA--Urbonized Area 
• UR--Urbonized Ring 
• CC--Central City 
• CCR--Central City Ring 
• C BD--Central Business District. 

As suggested in Table 3-1, the SMSA is divided into two parts, one of which is the 
Urbanized Area. The Urbanized Area is divided into the Central City and the remaining 
area, the Urbanized Ring. Finally, the Central City consists of the CBD and the Central 
City Ring. Table 3-2 is a similar listing of SMSA populations, based upon 1970 Census 
data. Next, Table 3-3 indicates work trip volumes between selected portions of each 
SMSA. Above each column are abbreviations for the area of residence, followed by the 
area of employment, for the work trips listed below. As noted on all of the preceding 
tables, the three largest SMSAs (Chicago, Los Angeles, and New York) are eliminated 
from the totals and averages presented. 

Table 3-4 summarizes four important characteristics of each Urbanized Area: land 
area, population, CBD orientation, and reverse commutation. The 35 Urbanized Areas ore 
ranked in descending order for each characteristic. Since CBD orientation and reverse 
commutation (both as defined in Section 3.3) are the major factors selected to distinguish 
demand model types, a list of candidate Urbanized Areas for each of the model types has 
been prepared. 

The first list includes UAs with "low" CBD orientation and "high" reverse 
commutation; "high" (for this purpose) refers to a characteristic measure above the 
mean of all 35 UAs, while "low" refers to a value below the mean. Means of 10.06 
perc~,nt for CBD orientation and 8.49 percent for reverse commutation place the first 
16 UAs (in both CBD orientation and reverse commutation) in "high" categories. The 
following UAs satisfy the simultaneous requirements of low CBD orientation and high 
reverse commutation: 

• San Jose 
, • · Milwaukee 
• Miami 
• Los Angeles 
• Detro rt _,_ 

(cont. pag'e 15) 
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TABLE 3- l. LAND AREAS OF 35 LARGEST SMSAs 

LAND AREA (SQ. MILES) 

TOTAL SMSA URB.A.NIZED AREA CENTRAL CITY 
SMSA NAME SMSA R & SU UA UR cc CCR CBD 

ATLANTA l, 727 1,292 435 303 132 130.770 1.230 
BALTIMORE 2,259 l, 949 310 2JL 78 77.473 0.527 
BOSTON ytj/ . J4J 644 5Ytl 46 45.vw I .uvv 
BUFFALO 1,591 l 377 214 173 41 40.223 0.777 
CHICAGO* 3,720 2,443 1,277 1,054 223 221.450 1.550 
CINCINNATI 2,150 1,815 335 257 78 77.213 0.787 
'--LEVE LAND l, 519 873 646 570 76 74. 942 1.058 
COLUMBUS 1,494 l, 259 235 100.4 134.6 133.664 0.936 
DALLAS - FT. WORTH 6, 171 =>, 10 I 1,070 5YY 471 468.YUU 2.100 
DAYTON 1,708 1,484 224 185 .7 38.3 37.500 0.800 
DENVER 3,660 3,447 213 118 95 94.094 0.906 
DETROIT l, 952 1,080 872 734 138 136 .880 l. 120 
HOUSTON 6,286 5,750 536 139 397 392 .510 4.490 
INDIANAPOLIS 3,080 2,699 381 29 352 349,700 2.300 
KANSAS CITY 2,767 2,274 493 254 239 238.234 0.766 
LOS ANGELES" 4,069 2,497 1,572 1,060 512 509.240 2.760 
LOUISVILLE 908 698 210 150 60 57.650 2.350 
MIAMI 2,042 1,783 259 225 34 33.605 0.395 
MILWAUKEE 1,456 YY9 457 362 95 94,003 0.997 
MINNEAPOLIS - ST. PAUL "2, lU/ I ,Jt:10 IL I 6 14 lU/ lu:>.470 1.530 
NEW ORLEANS 1,975 1,791 184 98 86 84.800 1.200 
NEW YORK• 2, 136 -- 2,425 2, 125 300 295.977 4.023 
PHILADELPHIA 3,553 2,801 752 624 128 125.460 2.540 
PHOENIX 9, LJ8 8,850 388 140 248 246. 967 1.033 
PITTSBURGH 3,049 2,453 596 541 55 54.450 0 .550 
PUKfLAND 3,650 3,383 267 178 89 88.600 0.400 
PROVIDENCE 679 435 244 182 62 61.510 0.490 
>I . LOUIS 4, 118 3,657 461 400 61 60.645 0.355 
>AN ANTONIO 1,960 l, 737 223 39 184 182.990 1.010 
>AN DIEGO 4,262 3,881 381 168 213 212.675 0.325 
>AN FRANCISCO - OAKL. 2,478 1,797 681 582 99 97,872 l. 128 
>AN JOSE 1,300 1,023 277 161 116 114 .600 1.400 
5t:Al TLE 4, Lt.'I J,816 413 300 113 112.487 0.513 
AMPA - ST. PETERSBURG I ,JUJ 1,01 l 292 152 140 135.170 4.830 

WASHINGTON 2, 3:>L 1,851 4Y5 434 61 59.620 1.380 
-· 

TOTAL tltl,010 74, 101 13,909 9,642 4 267 4.225 7 41 721 

AVERAGE 2,750 2,316 435 301 133 132 . 1 1.288 
.. Exe h,ded-f~mTot-;-fs and Averages 



TABLE 3-2. POPULATIONS OF 35 LARGEST SMSAs 

POPULATION (1970) 

TOTAL SMSA URBANIZED AREA CENTRAL CITY 
SMSA NAME SMSA 

R & SU UA UR cc CCR CBD 

ATLANTA 1,390,000 217,222 1,172,778 675,778 497,000 494,571 2,429 
BALTIMORE 2,071,000 491,219 1,579,781 673,781 906,000 903,431 2,569 
BOSTON 2,754,000 101,425 2,652,575 2,011,575 641,000 637,300 3,700 
BUFFALO 1,349,000 262,406 l , uoo, !>'14 OLJ,!>'14 463,UUU 461, ] IL 1,828 
CHICAGO" 6,978,000 263,422 6,714,578 3,345,578 3,369,000 3,364, 174 4,826 
CINCINNATI 1,385,000 274,486 1,110,514 659,514 451,000 447,525 3,475 
CLEVELAND 2,064,uw 104, ]LU l,'l.'.lY,880 I , 2Uts, tl!:SU 7!> 1,uuu /4!>,7'/0 5,21U 
COLUMBUS 916,228 126,209 790,019 250,642 539,377 537,482 1,895 
DALLAS - FT. WORTH 2,318 ,134 302,506 2,015,628 737,976 1,277,652 1,272,631 5,02 1 
DAYTON 850,266 164,324 685,942 442,484 243,458 242,032 1,426 
DENVER 1,230,000 182,689 1,047,311 .'.>J2,311 515,000 511,880 3, 120 
DETROIT 4,204,000 233,416 3,970,584 2,457,5t14 l , 513,000 1,506,572 6,428 
HOUSTON 1, '185,000 307, 137 1,677,863 446,863 l, 23 1,UUU 1,206,951 24,049 

N 
INDIANAPOLIS l ,11 1,uuu LYU,741 820,25'1 77, 2!>'1 743,uuu 733,2'18 'l,IUL 

KANSAS CITY 1,256 ,000 154 213 1, 101 787 599,787 502 000 500,209 1,791 
LOS ANGELES* 7,041,000 -- 8,351,266 5, 182,266 3 169 000 3 146,850 22 150 
LOUISVILLE 826,553 87, 157 739,396 377,943 361 453 348,292 13, 161 
MIAMI 1,268,000 48,339 1,2 19,661 884,661 335,000 331,726 3,274 
MI LWAUKEE 1,404,000 151,543 1,252,457 535,457 717,000 714,539 2,46 1 
MINNEAPOLIS - ST. PAUL 1,814,000 109,577 1,704,423 960,423 744 ,000 738, 125 5,875 
NEW ORLEANS 1 ,U46,uuu 84,LIL '/6 I, I Lt! J6'1, /Lt! 5YL,0uu 586,6 I l 5,J8Y 
NEW YORK* l l , .'.lt I , tstsJ -- l6,LU0,841 8,"J JU, 84 1 7,tsYO ,UUU 7,IU.'.l,UYL ]YU,YUtl 
PH ILADELPH IA 4,822,000 800,934 4,021,066 2,071,066 l, 950,000 1,906,535 43,465 
PHOENIX 968,000 104,643 863,357 281,357 582,000 577,675 4,325 
PITTSBURGH 2,401,000 554,958 1,846,042 1,326,042 520,000 517, 056 2,944 
DOKILAND 1,007,000 182 , 074 824,926 444,926 380,000 376,990 3,010 
PROVIDENCE 914,000 118,689 795,31 1 455,311 340,000 338,440 1, 560 
:ii. LOUIS 2,363,000 480,056 1,882,944 1,260,944 622,000 62 1,413 587 
:iAN ANTONIO 864,014 91 501 772,513 118,224 654,289 651,014 3 , 275 
>AN DIEGO 1 358,000 159,677 1,198,323 504,323 694,000 690,382 3,618 
5AN FRANCIScu - OAKL . 3, 108,000 120,150 2,987,850 1,910,850 1,077,000 1,050,844 26,156 
>AN JOSE 1,067,000 41,727 1,025,273 581,273 444,000 431,726 12,274 
>EATTLE 1,425,000 186,893 1,238, 107 654, 107 584,000 579,951 4,049 
AMPA - ST. PETERSBURG 1,012,594 148,693 863,901 370,098 493,803 486,995 6,808 

NASHINGTON 2,862,000 380,511 2,481,489 1,/24,489 757 ,uuu 751,895 5,105 
TOTAL 155,4 I .j, /tsY 

- 7,063,507 4ts,3.'.lU,LtlL i26,n9~o LL, lL' ,V~£ LI ,YUi ,U.'.lJ 21'1,Y/Y 

AVERAGE 1,731,681 220,735 1,510,946 819,664 691,282 684 408 6 874 
. . - .. 

g 



TABLE 3-3. JOURNEY-TO-WORK DATA FOR 35 LARGEST SMSAs 

SMSA DAILY WORK TRIPS WITHIN SMSA (THOUSANDS) 

NAME CC-CBD CC-CCR CC-UR CC-UA UR-CBD UR-CCR UR-UR UR-UA UA-CBD UA-CCR UA-UR UA-UA ! 

Atlanta 28 129 39 lQA ?1 110 111 ?AA "1 ?1Q 17? .iiJ.? 

Baltimore 29 226 67 322 15 86 141 242 44 312 208 564 
Boston 36 162 51 249 50 152 559 761 86 314 610 1010 
R. ffolo 21 98 38 157 15 55 147 217 36 153 185 374 
Chico"" * 160 1064 205 1429 81 277 916 1274 241 1341 1121 2703 
Cincinnati 22 104 37 163 21 78 110 209 43 182 147 372 
f'l,.v,.lond 29 177 64 270 41 165 244 4.'in 70 342 308 720 
1nl ,mh.,. ?9 11A 1A ?M 12 t:,7 .d.? 111 41 195 AO 316 
Dallas-Ft. Worth 54 260 29 343 13 88 82 183 67 348 11 1 526 
Dayton 11 60 12 83 11 55 69 135 22 115 81 218 
Derver 28 147 27 202 13 75 108 196 41 222 135 398 
Detroit 51 306 161 518 33 181 623 837 84 487 784 1355 
Houston 84 372 34 490 17 74 51 142 101 446 85 632 
lndionooo I is 47 187 33 267 4 8 10 22 51 195 43 289 -Kansas City 19 143 40 202 13 87 131 231 32 230 171 433 

w Los Anoeles * 80 928 373 1381 51 445 1160 1656 131 1373 1533 3037 
loo isville 26 79 25 130 16 54 70 140 42 133 95 270 --

Miami 10 72 57 139 12 94 217 323 22 166 274 462 
Milwaukee 31 189 62 282 12 61 122 195 43 250 184 477 
Minneo=lis-St. Poul 52 196 57 305 35 128 207 370 87 324 264 675 
Ne·,y Orleans 50 126 22 198 15 35 72 122 65 161 94 320 
New York * 750 2410 254 3414 100 470 1785 2355 850 2880 2039 5769 
Phi ladelohio 79 565 74 718 37 144 540 721 116 709 614 1439 
Phoenix 17 172 29 218 3 33 58 94 20 205 87 312-
Pittsburah 29 120 31 180 38 66 321 425 67 186 352 605 --
Portland 18 101 25 144 11 59 89 159 29 160 114 303 
Providence 11 90 25 126 9 49 88 146 20 139 113 272 
St. Louis 13 162 40 215 16 138 292 446 29 300 332 661 
San Antonio 28 173 18 219 2 34 15 51 30 207 33 270 
San Diego 16 220 37 273 4 63 116 183 20 283 153 456 -
San Francisco-Oakland 111 278 56 445 61 126 469 656 172 404 525 1101 
Son Jose 8 74 58 140 3 40 152 195 11 114 210 335 
Seattle 25 181 28 234 11 96 117 224 36 277 145 458 
Tamoo-St . Petersbura 15 127 26 168 5 43 58 106 20 170 84 274 
Washington 59 211 49 319 74 157 430 661 133 368 479 980 
Col, Total 1~6 5645 l~Y 8llU 645 2691 ~3 YllY 1731 8336 nn lt.:l.1Y 

Average 33.9 176,4 43.4 253.8 20.2 84. 1 183.8 288, 1 54, 1 260.5 227,3 541,8 
Excluded from Totals and Averages 



TABLE 3-4. RANKED DAT A SUMMARY FOR 35 LARGEST SMSAs 

CBO Orientation Reverse C ommutation 

Urbanized Area Size Urbanized Area Population (% of Urboni z.ed Areo (% of Urbanized Area W otk Trips 

Ronk (SoLCre Mile, land Area) (Thou,onds of Person,) w~ Tri o-1 to CBO) Central City to lkbonized Rina) 

I New YO<k 2,425 New YOJls 16,207 New Orleans 20.31 Son Jose 17.31 

2 l~ Angel.,. 1,572 Loo Ange le, 8,351 lndionopol is 17.65 Mi lwa.Jcee 13.00 

3 Chicago 1,277 Chicago 6,715 Ho1Aton 15. 98 Miami 12.34 

4 Dallas - 1,070 Phi lode lphi a 4, 021 San Francisco - 15 .62 Las Angeles 12 .28 
Ft. W0rth Oakland 

5 Detroit 872 Detroit 3,971 Lot.i1ville 15.56 Columbus 12 .03 

6 Phi lode lphia 752 Son Francisco - 2,988 New Yori< 14.73 Detroit 11.88 
Oakland 

7 Minneap:,lis - n 1 Bolt0<1 2,653 Washington 13. 57 Boltimore 11.88 
St . Poul 

8 Son Francisco - 681 Wcahington 2,481 Columb._. 12.97 Indianapolis 11 .42 
Ook lond 

9 Cleve fond 646 Dollos - 2,016 Minneapolis - 12.89 Buffalo 10 .16 
Ft. Worth St. Poul 

10 Bolton 644 Clevelond 1,960 Dollos - 12.74 Cincinnati 9.95 
Ft. Worth 

11 Pittsburgh 596 St. Louis 1,883 Cindrw,tl 11.56 Tampa - 9.49 
St. Peten burg 

12 Hoi.aton 536 Pitbbu,gh 1, 846 Son Antonio 11. 11 Phoenix 9 .29 

13 Washington 495 Minneopolis - 1,704 Pittsbu,gh 11.07 Louisvi lle 9. 26 
St. Poul 

14 Kansas City 493 Ho1.1ton 1,678 Atlanta 11.04 Konsas City 9.24 

15 St. Louis 461 Baltimore 1,580 Denver 10.30 Providence 9. 19 

16 M ilwoUCee 457 M ilwa !AC:ee 1,252 Dayton 10.09 Cleveland 8.89 

17 Atlonto 435 Seattle 1,238 C leveland 9.n Mi meopolis - 8.44 
St. Poul 

18 Seatt le 413 Miomi 1,220 Buffolo 9.63 Atlanta 8.44 

19 Phoeni ;ii; 388 Son Diego 1,198 Port lord 9. 57 Port la nd 8.25 

20 Indianapolis 381 Atlont<, I, 173 M;fwa J<ee 9 .01 San Diego 8.1 1 

21 Son Diego 381 C iocinnati I, 111 Chicago 8 .92 Chicago 7.58 

22 Cincinnoti 335 Kansas City 1,102 Booton 8 .57 New O rleons 6.88 

23 Boltimore 31 0 Buffalo 1,087 Philadelphia 8. 06 Denver 6 .78 

2-4 Tampa - 292 Denver 1,047 Seottlo 7 .86 Son Antonio 6.67 
St. Petersburg 

25 Son Jose 277 Son J~• 1,025 8oltimon1 7.80 Seattle 6 . 11 

26 Portland 267 New Orleans 962 Konsos City 7 .39 St. Louis 6.05 

27 Miami 259 Tompo • 864 Pr'O"lidence 7 .35 Dallas - 5 .51 
St. Pete..burt1 Ft . Worth 

28 Providence 244 Phoenix 863 Tampa - 7. 30 Dayton 5.50 
St . Pete..burg 

29 ColumbLd 235 Port lord 825 Phoenix 6 .41 HoUlit on 5 .38 
30 Dayton 224 Indianapolis 820 Detroit 6.20 Phi ladelphia 5 , 14 

31 Son Antonio 223 Providence 795 Miami 4.76 Pitbbu,gh 5 .12 
32 Buffalo 214 Columbus 790 St. Louis 4,39 Son F ronci sc:o - 5 .09 

Ookla nd 

33 Denver 213 San Antonio nJ Son Diogo 4.39 Boston 5. 05 
34 louisvHle 210 Lovitville 739 Loo Angele s 4 . 31 Woshington 5 ,00 
35 New Orleono 184 Dayton 686 Son J~ 3.28 New York 4 .40 
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• Baltimore 
• Tampa - St. Petersburg 
• Phoenix 
• Kansas City 
• Providence 
• Cleveland. 

At this point, other considerations influence the selection of a single representative 
UA and two alternate UAs. Detroit is the preferred choice for this type of demand model. 
The Detroit CBD attracts a substantial number of work trips, even though CBD trips consti­

tute a small percentage of all Urbanized Area work trips--providing a good demand environ­
ment for analyzing CBD-oriented AGT systems in the presence of strong reverse commutation. 
Furthermore, GM TSD has previously obtained and extensively used home interview survey 
data for the Detroit area; this will ovoid the acquisition and familiarization problems which 
are associated with the use of a new data set of this size (approximately 300,000 records). 
Baltimore is the second choice for a demand model of this type, since it is lower in CBD de­
mand, higher in CBD orientation, and slightly lower in reverse commutation, relative to 
Detroit. Milwaukee is a third alternative, less favored than Baltimore due to its higher 
CBD orientation and lower population density. San Jose and Miami con both be eliminated 
due to their smal I CBD attractions, while Tampa-St. Petersburg can be eliminated on the 
basis of its small CBD demand and because of the special nature of areas with multiple Cen­
tral Cities. Phoenix, Kansas City, Providence, and Cleveland ore low enough in reverse 
commutation that they need not be considered. The size of Los Angeles in terms of land 
area makes it less attractive computationally than other areas. 

A second list of Urbanized Areas contains those with high CBD orientation and low 
reverse commutation. Candidates meeting those criteria ore listed below: 

• New Orleans 
• Houston 
• San Francisco-Oakland 
• New York 
• Washington 
• Minneapolis-St. Paul 
• Do I las-Fort Worth 
• Son Antonio 
• Pittsburgh 
• Denver 
• Dayton. 

Of the above UAs, Washington is preferred due to its high CBD orientation, very 
low reverse commutation, and moderately large size. Houston is a reasonable second choice, 
since it has a very high CBD orientation but is somewhat higher in reverse commutation and 
is low (relative to Washington) in CBD demand magnitude and population density. In addi­
tion, Houston has an unusually large CBD in terms of land area. This tends to make Houston 
less representative of this type of demand application than Washington D .C. Pittsburgh 
appears to be a suitable third choice due to its very low reverse commutation, moderately 
high CBD orientation, and medium size. New Orleans, San Antonio, pnd Denver can be 
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eliminated on the basis of their small sizes and high reverse commutation; Dayton on the 
basis of size and low CBD orientation; New York due to its large size; and San Francisco­
Oakland, Minneapolis-St. Paul, and Dallas-Fort Worth due to their dual Central Cities 
and CBDs. 

The following cities are those with both high CBD orientation and high reverse com­
mutation: 

• Indianapolis 
• Columbus 
• Cincinnati 
• Louisville. 

For this demand model type, Cincinnati is the preferred representative area. Th i:: 
selection is based upon Cincinnati's relatively high population density, CBD attraction 
comparable to other areas, and GM TSD's possession of (and previous work with) home in­
terview survey data for the Cincinnati area. Indianapolis is rated second due to its lower 
population density, while Columbus is third due to its low population and small size. 
Louisville, even smaller, can be eliminated from consideration. 

The following four activity center demand types have been selected for use in the 
AGT-SOS project: 

• CBD line-haul 
• CBD circulation 
• Activity center line-haul 
• Activity center circulation. 

Candidate cities for the two CBD demand models have been limited to those most likely to 
implement Downtown People Mover systems in the near and intermediate future. Seven 
cities received favorable responses to their recent DPM proposals; these cities and the pro­
jected daily riderships of their proposed systems are listed below: 

• Baltimore 
• Cleveland 
• Detroit 
• Houston 
• Los Ange I es 
• Miami 
• St. Paul 

16,000 riders/day 
46,500 riders/day 
39,450 to 65,500 riders/day 
25,601 riders/day 
58, 100 riders/day 
40,200 ride~/day 
48,000 riders/ day. 

A CBD with low demand has been chosen by observing which of the seven CBDs 
has a relatively low {but not the lowest) demand. Houston's projected daily ridership of 
25,601 appears to meet these conditions quite well. A high-demand CBD has been chose n 
in a similar fashion. That is, the highest demand hos been eliminated and the second 
highest selected. Since Detroit CBD demand projections range from a pessimistic estimate 
of 39,450 to an optimistic estimate of 65,500 riders per day, an average of 52,475 has 
been assumed . Therefore, Detroit can be considered a representative high-demand CBD 
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after elimination of the higher Los Angeles demand of 58, 100 daily riders. In addition to 
these differences in daily demand magnitude, other differences make these two CBDs 
different from each other but representative of two types of CBD demand. The projected 
demand for the Houston DPM consists for the most part of primary trips which originate out­
side the CBD and use the people mover to reach their final destination after transferring at 
parking lots and bus terminals. Consequently, the peak demand periods coincide with the 
morning and evening rush periods. On the other hand, the projected demand for the Detroit 
people rrover consists primarily of secondary trips which have both origin and destination 
within the CBD. The peak period for this demand occurs around noon. Finally, the proposed 
DPM for Houston is essentially a line-haul service between multimodol transfer points and 
employment sites while the proposed Detroit DPM is expected to serve more of a circulation 
function. For these reasons a CBD line-haul application, based on dato from Houston, and 
a CBD circulation application, based on data from Detroit, have been selected to represent 
CBD demand applications in the AGT-SOS project. In order to permit direct comparisons 
of system deployments designed for different demands, three values of demand magnitude 
for the CBD circulation (Detroit) application and two values for the CBD line-haul (Houston) 
application have been specified. 

For activity center travel demand models, the opportunity exists to utilize data 
pertaining to areas in which AGT systems are presently operating. West Virginia University 
at Morgantown, West Virginia has, therefore, been selected as a representative activity 
center line-haul travel demand situation. Dallas;1=ort Worth Regional Airport has been 
chosen for use in the formulation of an activity center circulation demand model, since 
other airports with automated systems have less complex guideway network configurations. 

3.5 DEMAND MODEL GENERATION 

After the selection of basic demand model types and the choice of "actual" (past, 
present, or projected) demand situations of those types, it is necessary to obtain available 
demand data, process the data to produce either a transit trip matrix or a total trip matrix 
for each time interval of interest, and then output the trip matrices in a form usable in other 
stages of the analysis process. 

Initial data processing and trip matrix assembly varies greatly, depending upon the 
particular characteristics of the data set used in the formulation of each model. Trip matrix 
output format, however, .. is uniform among all of the demand models. Furthermore, the for­
mat is compatible with computer programs in the UMTA Transportation Planning System 
(UTPS) package. 3 Four UTPS trip matrix formats were considered: compressed, 1-byte, 
2-byte, and 4-byte. Only the compressed format allows all row-column interchanges with 
no trips to be omitted from the trip matrix file; other formats require that any row not deleted 
entirely be filled with data (zeros or otherwise) for every column. Since metropolitan area 
trip matrices may easily have more than one million zone interchanges, such matrices for 
short time intervals (perhaps one to three hours) will necessarily hove many zone inter­
changes with no trips during an interval. To reduce storage requirements for "sfXJrse" 'trip 
matrices, then, the UMTA compressed format has been chosen for these and other trip ma­
trices used in the AGT-SOS project. 

The demand model generation methodology, as it applies to each of the seven ap­
plication areas, is described in this section. Temporal variations in total demand for each 
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demand model and illustrative demand matrices ore presented. All of the demand matrices-­
both zone-to-zone demand for each representative area and station-to-station demand for 
each deployment--ore stored in the SOS data base. 

3.5. 1 Activity Center Line-Haul Demond 

The activity center li"ne-hcul demand mode.I is based on projected· five-minute 
station-to-station student trip matrices for the originally planned six-station Group 
Rapid Transit system at West Virginia University in Morgantown. The projected data 
was used in conjunction with observed daily ridership totals because no actual origin­
to-destination data is available for the existing Morgantown system. 

The activity center line-haul application deployment to be analyzed in the SOS 
program consists of on alternative network linking the three stations of the existing Mor­
gantown system. Therefore, the first step in generating the demand model for this appli­
cation was to modify the projected six-station demand by eliminating trips to and from the 
three stations not included in the representative network defined in Section 4.3.1. 1 of 
this report. 

The magnitude of daily travel represented by the resulting three-station demand 
matrices was compared to existing daily ridership totals observed in recent operation of 
the Morgantown system. Daily ridership totals were recorded during the period between 
October 21, 1976 and October 27, 1976 with the highest doily total of approximately 
12,700 trips being recorded on Wednesday, October 27. The demand projection, modified 
as described above, was found to be higher than the existing daily ridership for the three­
station system. In order to more closely model the demand for the existing system configur­
ation at Morgantown, the modified demand projection matrix was scaled by a factor of 
0 . 675 to adjust the demand magnitude to correspond to the daily ridership observed on Oct­
ober 27. This resulting demand data totals 12,683 trips over the 13-hour day. Figure 3-1 
fllustrates the variation in demand magnitude for15-minute intervals during a service_day. 
It also shows the significant micropeaking which is characteristic of the university applica­
tion. 

As indicated previously, the approach to demand model generation is to define de-. 
mand intervals over which the spatial characteristics and magnitude of demand con be consid­
ered constant. The set of separate demand matrices which define travel during each demand 
interval constitutes the demand model. · The next step in demand model generation, then, was 
to define the demand intervals. In general, the unique hourly peaking characteristics il­
lustrated in Figure 3-1, which correspond to the hourly class changes, can be adequately 
described by 15-minute intervals. Longer time intervals tend to veil the pronounced peaking 
characteristics of the university demand. Shorter intervals, on the other hand, increase the 
number of separote matrices required to represent the demand but foil to provide a significant 
omoun t of additiono I i nformo tion. 

The data plotted in Figure 3-1 indicate that the demand profire for each daytime • 
off-peak hour (7:00 to 11:00 o.m. and 1:00 to 6:00 p.m.) is similar. Since variation in off­
peak demand is of less importance to performance and cost modeling results than variation in 
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peak demand, the demand profile and spatial distribution for each day time off-peak hour 
is assumsd to be identical to minimize the number of distinct matrices to be stored. The 
data was aggregated to produce on average off-peak hour demand represented by four 
15-minute matrices. The demand in each off-peak hour is modeled by the four nominal, 
off-peak matrices. Aggregation of the demand data to produce nominal demand matrices 
was accomplished using the following four steps: 

1. Calculate total number of trips for all hours in a time period for each origin­
destination (0-D) pair. Then sum all 0-D pair totals to determine the total 
number of trips over the 9 off-peak hours. 

2. Using the total trips figure, calculate the percent of trips for each 0-D pair 
(0-D total trips divided by total trips). 

3. Determine the total number of trips for each quarter-hour over the entire time 
period so that there will be four totals, one for each quarter. Divide each 
quarter-hour by the number of hours in the time period to obtain the average 
number of trips made each quarter. 

4. Distribute the average quarter-hour trips to 0-D pairs by applying the percent­
ages calculated in Step 2. Multiply each quarter-hour number of trips by each 
0-D percent to obtain the nominal trip matrices for off-peak and evening hours. 
The equation for this step is: 

P. X Q . = T •• 
I I I I , 

where 

P. = The percent of trips each 0-D pair carries (from Step 2); 
I 

i = 1 to 6 (the number of 0-D pairs) 

Q. = The average quarter-hour trip totals {from Step 3); 
1 j = 1 to 4 (the number of quarters in an hour) 

\j = The number of trips for 0-D pair i and quarter j • 

The demand for the two evening hours (6:00 p.m. to 8:00 p.m.) shows little varia­
tion from one quarter-hour interval to another. Therefore, demand for this interval was 
aggregated, and the evening period is represented in the demand model as a single demand 
magnitude and spatial distribution. The resulting demand model for the university applica­
tion is illustrated in Figure 3-2. The station-to-station demands are listed in detail in Tab­
le 3-5. The demand for the 13-hour service day is represented in the model by 13 distinct 
demand matrices: 4 off-peak matrices, ·a peak-period matrices, and l evening matrix. 
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TABLE 3-5. STATION-TO-STATION DEMAND FOR EACH 
QUARTER-HOUR, ACTIVITY CENTER LINE-HAUL 

0-D Pairs 

1-2 1-3 2-1 2-3 3-1 3-2 Total 

Off-Peak Hour 

Ql 48 56 42 44 47 38 275 
Q2 34 39 29 30 33 26 191 
Q3 39 45 33 35 38 30 220 
Q4 56 65 48 50 54 44 317 - - - - - - - -

Total 1n 205 152 159 172 138 1003 
Peak Hours 

11 :00 - 12:00 

Ql 18 44 60 18 45 28 213 
Q2 20 44 27 4 44 25 164 
Q3 24 44 43 4 44 37 196 
Q4 30 44 234 20 69 204 601 - - - - - - - -

Total 92 176 . 364 46 202 294 1174 
12:00 - 1:00 

Ql 215 92 249 230 64 22 872 
Q2 56 64 45 33 54 10 262 
Q3 59 66 40 12 60 21 258 
Q4 99 66 49 75 55 58 402 - - - - - - - -

Total 429 288 383 350 233 111 1794 
Evening Hour 

Ql-4 17 16 17 5 24 7 86 - - - - - - -
Total 68 64 68 20 96 28 344 

Total Daily Trips = 9(1003) + 1174 + 1794 + 2('344) = 12,683 
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3.5.2 Activity Center Circulation Demand 

The activity center circulation demand model is based on data from a 1974 passen­
ger flow study of the Airtrans system operating at the Dallas/Fort Worth Regional Airport. 
The data consist of turnstile counts at each of 14 passenger stations, taken over 15-minute 
intervals during 3 peak periods. Turnstile counts were taken over half-hour intervals 
during off-peak periods, but these data were not mode available to GM TSD. Consequently, 
demand for off-peak intervals was estimated based on total trips made during each of the 
three eight-hour work shifts. Tumsti le counts--actual counts or estimates--do not specify 
the station-to-station demands as needed for analysis purposes. Therefore, a second major 
task in the generation of the activity center circulation demand model was to approximate 
the station-to-station demand by assigning trips which enter at each station to exit at the 
other stations in proportion to the total number of exiting passengers at each station. The 
final step in generating the demand model for this application was to select the discrete 
matrices suitable for representing the demand. 

The available turnstile counts do not include data for the off-peak periods (8:00 to 
ll:00 a.m., 2:00 to 4:00 p.m., and 8:00 p.m. to 7:00 o.m.). In order to produce the 
information necessary for generating the demand model, station entry and exit demand 
data were estimated for 15-minute intervals during the off-peak periods. Only the day-time 
off-peak periods (8:00 to ll:00 a.m., and 2:00 to 4:00 p.m.) were considered at this level 
of detail. The demand for the system during the evening hours is expected to be quite low, 
and therefore, it need not be represented in great detail. 

The estimates of station entry and exit demand for the daytime off-peak periods are 
based on the total number of entering and exiting trips per station during each of the three 
work shifts and on the fact that the time intervals for which 15-minute turnstile counts ore 
given in the Airtrons Passenger Flow Study5 ore peak periods. This, of course, implies that 
the remaining time periods have lower demands. For each shift the total numbers of entering 
and exiting trips are as follows*: 

Shift Entry Exit 

l st Shift ( 7:30 a.m. to 3:30 p.m.) 4914 6l26 
2nd Shift ( 3:30 p.m. to 11:30 p.m. 4369 5904 
3rd Shift (11:30 p.m. to 7:30 a. m. 683 1382 

The overage entry count per 15-minute interval for each shift is: 

lstShift 154 
2nd Shift 137 
3rd Shift 2 l. 

*The variation between entering and exiting trips is attributed to people "jumping" the 
entry turnstiles to ovoid paying the fore, exit turnstile counts due to baggage, and other 
sources of error. 
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Figure 3-3, the observed demand profile for the Airtrans system as reported in the Passenger 
Flow Study,5 indicates that the recorded 15-minute trip levels are well in excess of the aver­
age number for each shift. As expected, the demand for the unrecorded 15-minute intervals 
must be significantly lower thi:m the recorded levels to result in the given shift averages. In 
order to estimate the demand for 15-minute intervals during the off-peak periods, it was as­
sumed that the demand level first decreases then gradually builds up to the next peak . It 
was further assumed that the slope of the off-peak demand fluctu1Jtions is approximately 
equal to the greatest hourly variation in demand during the adjacent peak period. This 
assumption, coupled with the constraint that the shift total be reproduced, led to the esti­
mates of off-peak 15-minute interval demand as presented in Figure 3-4. 

These estimates of the total number of trips entering the system during each 15-min­
ute interval of the off-peak periods were then distributed among station pairs to estimate 
the number of trips entering and exiting each station during the off-peak periods. The fol­
lowing process was used to estimate off-peak trip production and attraction for each station: 

A. Determine entering trips per station and time interval 

1. Determine the percent of all unreported first-shift trips entering the sta­
tion under consideration . The equation is: (number of trips entering the 
station during the 1st shift minus the number of reported trips entering 
the station during the 1st shift) divided by the total number of unreported 
trips for all stations during the 1st shift. 

2. Determine the unreported station entry loads for each time interval by 
multiplying the estimated system entry loads per 15-minute interval by 
the percent of unreported trips entering the station under consideration 
(determined in Step "A-1 11 above). 

B. Determine exiting trips per station and time interval 

1. Compute the overage unreported exit volume/entry volume ratio for each 
station during the frst shift. The unreported exit volume for each station 
is equal to the total exit volume for a station during the first shift minus 
the recorded exit volumes for the same station during the first shift. 
The unreported entry volume per station for the first shift was determined 
in Step "A-2." 

2. Determine the unrecorded quarter-hour exit loads per station by multi­
plying the overage unreported exit volume/entry volume ratio for each 
station (determined in Step 118- l 11) by the entry load for that station. 

Upon completion of these ste ps, the entry and exit loads for each station have been 
estimated for each of the unreported 15-minute intervals . It should be noted that one unre­
ported time interval, 3:30 p.m. to 4:00 p.m . , does not fall into the first shift; however, the 
ratios of the first shift have been applied to its distribution of trips. 
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The next step in the demand model generation proceu for this appllcatlon ts to 
translate the observed peak period and estimated cff-peak period trip production and 
attraction totals into station-to-station matrices. The first step is to eliminate certain 
unlikely origin-destination pairs. The relative statton locations ere Illustrated In 
Figure 4-2. This figure shows the multiple loop network to be used in SLT analysts in 
the activity center line-haul application. The first combinations to be eliminated are 
those between a single station; for example, Station 5 to Station 5. Also each pair of 
adfacent stations within each terminal area is assumed to be separated by a walking 
distance, Therefore, the following trips were eliminated: 

3 to 4 
4 to 3 
4 to 5 
5 to 4 

6 to 7 
7 to 6 
8 to 9 
9 to 8 

10 to 11 
11 to 10 

Trips between the parking stations (all combinations of 1, 2, 12, and 13) were 
also disallowed. Finally, it was asa,med that each trip originating in a parking area 
would utilize the parking area serviced by the same route (of the existing Alrtrans net­
work) as the trip's destination; that is, it was assumed that departing passengers exp•· 
rience no transfers on the existing Airtrans network. This assumption eliminates the 
following trips: 

Station 1 to Station 8, 9, 10, 11, and 14 
Station 2 to Station 8, 9, 10, 11, and 14 
Station 12 to Station 3, 4, 5, 6, and 7 
Station 13 to Station 3, 4, 5, 6, and 7 

However, the reverse of these O-D pairs could not be eliminated since passengers fre­
quently retum via an airline, and hence station, which Is different than the one they 
used for departure. 

Trips entering each station were distributed to other stations, except for the station 
pairs eliminated as described above, according to the relative attraction of each station by 
applying the following steps for each quarter-hour period: 

A. Divide the number of exiting trips per station by the total number of 
exiting trips during that quarter-hou.r. 

8. For each origin station: 

1. Apply an adjustment factor to each of the fractions ~lculated In A. This 
factor provides the capabtltty of altering the weighting, or attractiveness, 
of each O-D pair. In this case a weight of either 0 or 1 was used. Zeros 
were used to eltmiriate the O-D pain listed above. 
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2. Check to see if the sum of the fractions for all destinations totals 1.00. 
The sum may be less than 1.00 due to the application of the adjustment fac­
tors in B-1. If the sum is less than 1.0, distribute the difference (1.00 -
actual totol fraction) in proportion to the fractions computed in B-1. 

3. Multiply the distribution fractions resulting from Step B-2 by the total 
numbers of trips entering the system at the origin station during the time 
interval under consideration. Then multiply the result by an overall 
magnitude scaling factor (which was assumed to be 1 for this case). 

Figure 3-5 shows the demand magnitudes, aggregated over half-hour intervals, 
which result from the O-D distributions for the period between 7:00 a.m. and 8:00 p.m. 
Half-hour intervals proved to display similar characteristics to the quarter-hour intervals; 
consequently, the ha If-hour was selected as the basic time interva I to be used for further 
analysis. 

Variations between a half-hour total of Figure 3-5 (e.g., 11:00 to 11:30 a.m. 
which has 552 trips) and the sum of the two corresponding quarter-hour totals of Figure 3-3 
(e.g., 11:00 to 11: 15 a.m. + 11: 15 to 11:30 a.m. for a total of 560 trips) result from 
round-offs made during the various calculations previously described. 

For modeling purposes it is desirable to minimize the number of different O-D 
matrices to the extent possible to reduce the storage space and the number of calculations. 
Using the demand profile of Figure 3-5 as a base, certain modifications were made to 
reduce the number of unique half-hour intervals to be represented while retaining the 
unique peaking characteristics of the airport application. In general, the time intervals 
fa which data were estimated, rather than observed, were aggregated since the demand 
during these intervals is relatively small and is not based upon direct observations. The 
resultant demand model is illustrated in Figure 3-6. 

The estimated demand for a portion of the morning off-peak period (from 8:00 to 
9:30 a.m.) was aggregated and is represented in the model by a single demand matrix. 
Similarly, the estimated demaid for the afternoon offj)eak period (from 2:00 to 4:00 
p.m.) was aggregated and is represented by another demand matrix. The data in Figure 
3-6 show that the demand profile for the period from 10:00 a.m. to 12:30 p.m. is approxi­
mately symmetrical. To minimize the number of discrete matrices to be stored, symmetry 
is assumed during this period. The demand matrix for the 10:00 to 10:30 a.m. interval is 
assumed to also apply to the 12:00 to 12:30 p.m. interval, and the matrix for the 10:30 
to 11 :00 a. m. interval is also appl i eel during the 11 :30 a .m . to 12:00 p. m. interval. 
Figure 3-5 shows that the magnitude of demand varies little during the period from 12:30 
to 2:00 p.m. Therefore, the demand for this period was aggregated and represented in 
the model by a single matrix. 

The demand for the last part of the second shift (8:00 to 11:30 p.m.) is assumed to 
be spatially distributed in the some way as the demand for the afternoon offj)eak period 
(from 2:00 to 4:00 p.m.), and the magnitude of the demand (200 trips per half-hour) is 
that required to produce the second shift total. The spatial distribution of the very low 
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evening demand is also assumed to be the same as that of the afternoon off-peak period 
(2:00 to 4:00 p.m.), and the magnitude corresponds to the third-shift average of 42 pas­
sengers per half-hour. The final demand model for the activity center circulation appli­
cation consists of a set of 15 distinct spatial distributions and 17 different demand matrices, 
Three of these matrices share the same spatial distribution of demand but differ in the total 
magnitude of demand. The three similar matrices apply over the following periods: 
2:00 to 4:00 p.m., 229 trips per half-hour; 8:00 to 11:30 p.m., 200 trips per half-hour; 
11:30 p.m. to 7:00 a.m., 42 trips per half-hour, 

Two matrices, representing peak half-hour intervals, ore presented for illustrative 
purposes. Table 3-6 is the station-to-station demand matrix for the morning peak interval 
(11:00 to 11:30 a.m.), and Table 3-7 illustrates the station-to-station demand for the after­
noon peak (5:00 to 5:30 p.m.). The numbers in parentheses in the left-hand column of the 
tables refer to origin stations identified in Figure 4-2. The numbers in parentheses in the 
first row refer to destination stations. Demand for the two transfer stations in the multiple 
loop network to be used in the analysis of an SLT system In the dCtivity center circulatlon 
application (SLT 2) is not shown. The transfer stations do not serve as origins or final 
destinations. However, all of the demand which originates at a station on one loop 
and is destined for a station on another loop must pass through one of the transfer sta­
tions. The link load data presented in Section 4.3.1.2 indicates that the morning peak 
interval (11:00 to 11:30 a.m.) volume through each transfer station is 44 trips per 
half-hour and 59 trips per half-hour for Stations 15 and 16, respectively. 

3.5 . 3 CBD Circulation Demand 

Three CBD circulation demand models representing a low-, medium-, and high­
demand CBD application were generated. The three demand models differ only in the magni­
tude of trove I and are based on three sources of demand information for the Detroit C BD. A 
one-way, zone-to-zone, l 2-hour trip matrix for secondary trips (trips having both origin and 
destination within the CBD) was developed during a study performed in 1972 for the South­
eastern Michigan Transportation /iuthority (SEMTA)6. The trip matrix is based on projected 
1990 demand data and does not include trips which are less than 457 metres (1500 feet), as 
it was assumed in the study that these short trips are not potential people rmver trips. The 
second source of data is the Detroit Downtown People Mover (DPM) Proposal7 which des­
cribes the estimated hourly variations in demand magnitude for the proposed DPM system. 
The demand profile presented in the DPM Proposal covers a 12-hour period in one-hour in­
tervals. The projected demand includes primary trips (trips having either the origin or des­
tination outside the CBD) as well as secondary trips, and it is based on projected 1978 de­
mand data. The final source of reference material used to generate the CBD circulation de­
mand models is a study performed for SEMTA8 which identifies the temporal distribution of 
demand within the peak hour (noon to 1 :00 p.m.). 

The general process for generating the zone-to-zone demand for the CBD circulation 
application is to use the Feeder System Model (FSM) to map the reference zone-to-zone de­
mand data onto the Detroit DPM network, to determine the resulting magnitude of station­
to-station demand, and then to scale the zone-to-zone demand matrix so that the station­
to-station demand magnitude produced by the FSM equals the Detroit DPM projection. Ex-
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cept for the fact that the zone-to-zone demand is projected 1990 secondary trip data 
while the desired station-to-station demand is 1978 secondary and primary trip estimates, 
this process is essentially equivalent to calibrating the FSM diversion curve with the 
Detroit DPM demand projections. Due to the lack of more consistent data, it is assumed 
that the projected distribution of 1990 secondary trips is representative of the distribution 
of total trips in 1978, and that the temporal distribution of total 1990 trips is representative 
of that of the total 1978 trips. The process and results ci demand model generation for 
the C BD circulation application are presented in more detail in the following paragraphs. 

The reference 12-hour, secondary trip matrix does not include return trips. It is 
assumed, however, that for each trip a return trip would be made. Therefore, the first 
step was to modify the daily secondary trip matrix so that all trip segments are included. 
This was accomplished by increasing the number of trips from one zone to another (from 
Zone i to Zone j) by the number of trips from Zone j to i. This process produces a 
symmetrical matrix. 

The reference demand matrix represents the spatial distribution d secondary trips. 
According to the SEMTA-supported study which produced the matrix,6 potential secondary 
transit trips have proved to be substantially greater than potential primary transit trips. 
Consequently, the effect of the primary trips on the overall spatial distribution d the 
demand is assumed to be negligible. Except for the overall magnitude, therefore, the 
daily secondary trip distribution is assumed to represent the total demand distribution 
including primary trips. 

No information has been found which can be used to describe how the spatial dis­
tribution of demand in the Detroit CBD changes as a function of time. As a result, only 
one spatial distribution is used to describe demand during all demand intervals during the 
service day. However, an estimated profile of 1990 people mover demand is presented 
in SEMTA's DPM Proposal? and is reproduced in this report as Figure 3-7. It was assumed 

· by SEMTA that this profile also represents the relative hourly variation in trip-making 
activity in 1978. 

The average value cl the demand estimate for each hour was used to produce 
Figure 3-8 which shO'Ns the percentage of all estimated people mover trips which occur 
in each hour of the 12-hour service day. At the right side of the figure, a profile of 
peak-hour trips is given by quarter-hour intervals. This breakdown, developed during a 
study of secondary trips for SEMT A 8, indicates that 30 percent of the trips occur during 
both the second and third quarter-hours . Since the great majority of trips during the 
peak hour are secondary trips, this profile has been applied to the combined trip total. 

The range of people mover ridership estimated by SEMTA and shown in Figure 3-7 
for 1990 was used to define the threeCBD circulation demand models. The IOY1 demand 
CBD circulation demand corresponds in magnitude to the 11pessimistic 11 ridership projection 
which totals 39,450 daily trips in 1978. The high demand CBD circulation model corre­
sponds to the "optimistic" projection which totals 65,500 daily trips in 1978. The·demand 
magnitude for the medium demand CBD circulation application is the average of the 
"pessimistic" and 11optimistic 11 projections and totals 52,475 trips per day. 
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The next step in the C BD circulation demand model generation process is to produce 
a station-to-station demand matrix using the reference zone-to-zone matrix and the Feeder 
System Model (FSM), and then to compare the resulting station-to-station demand magni­
tude with the SEMTA projections. The SEMTA DPM demand projection is based on the 
one-way, counter-clockwise loop network illustrated in Figure 4-3. Consequently, this 
network was used to generate the station-to-station demand for comparison with the pro­
jected DPM demand. The FSM requires several inputs to produce the station-to-station 
trip matrix: 

• Zone-to-zone trip matrix 
• Zone centroid locations 
• Station locations 
• Station-to-station performance matrix 
• Performance scale factors for: 

- Zone-to-station performance 
- Zone-to-zone performance 
- AG T performance • 

As indicated above, the reference zone-to-zone demand matrix was obtained from a SEMTA 
report. The zone centroid locations are defined in terms of the U.S. Geological coordin­
ate system and were obtained from the Southeastern Michigan Council of Governments. 
Station locations for the single-lane loop network were defined in terms of the U.S. Geo­
logical coordinate system using the Network Build Module processor in conjunction with a 
Tektronix Graphics Tablet. 

The station-to-station performance matrix is a trip time matrix for travel on the net­
work 01d includes wait time, vehicle dwell time, and travel time. These trip times are 
based on the following assumptions: 

Cruise velocity - 27 km/h 
Acceleration/deceleration - 1.0 m/s2 

Station dwell time - 30s 
Average wait time - 2.0 min (one-half of the assumed headway). 

Table 3-8 shows the network travel times by link including the effect of station dwell time. 
The nodes which define the links coincide with stations as illustrated in Figure 4-3. 

The performance scale factors are used to calculate station access/ egress times and 
direct zone- to- zone travel times for use in the FSM diversion function which selectively 
assigns trips to the AGT network. The zone-to-station performance scale factor is used to 
convert the rectilinear distance between zone centroids and stations to travel time . Simi­
larly, the zone-to-zone performance sea le factor converts the rec ti linear distance between 
0-D zone centroids into trip time . Since the area under consideration is small (approxi­
mately one square mile), walking is considered to be both the station access mode and the 
alternate transportation mode. The scale factor , then, represents an average walk speed. 
A speed of 61 m/ min (200 ft / min) has been assumed . 
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TABLE 3-8. LINK TRAVEL TIMES 

LINK TIME (SECONDS) 

(1, 2) , (2, 1) 95 
(2, 3) , (3,2) 93 
(3,4) , (4, 3) 91 
(4,5) , (5,4) 77 
(5,6) , (6,5) 91 
(6,7) , (7,6) 91 
(7,8) , (8,7) 81 
(8, 9) , (9 ,8) 81 
(9, 10) I (10, 9) 73 

(10, 11) I ( 11, 10) 61 
(11, 1) , (1,11) 136 
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With these inputs the FSM was used to determine the station-to-station demand ma­
trix for the single-lane loop network proposed for the Detroit DPM. The FSM assigned 
179,827 trips to the AGT network compared to SEMTA'S "optimistic" estimate of 65,500 
trips. The wide variation in the station-to-station demand magnitudes is due primarily to 
the fact that the reference zone-to-zone demand matrix is a 1990 projection while SEMTA'S 
DPM ridership projection is based on 1978 activity levels. Differences also exist in the ap­
proach used by SEMTA and G'v\ TSD to assign trips to the network. Another discrepancy, 
which would tend to reduce the difference in the two ridership estimates, is the fact that the 
reference zone-to-zone demand accounts for only secondary trips while the SEMTA rider­
ship estimates include primary as well as secondary trips. This discrepancy has only a minor 
effect, however, since primary trips account for a low percentage of DPM ridership as pro­
jected by SEMTA. In order to obtain the desired number of trips for each demand level-­
pessimistic, overage, and optimistic projected ridership--scale factors were applied to the 
demand matrix. The scale factors are the ratios of desired demand magnitude (39,450 ; 
52,475; and 65,500 trips per day) to the demand magnitude resulting from the FSM 
(179,827 trips per day) and equal to 0.2194, 0.2918, and 0.3642 for the low demand, med­
ium demand, and high demand, respectively. These scale factors were applied to the zone­
to-zone demand matrix to produce demand models for the three CBD circulation demand ap­
plications. These matrices are then used as input to the FSM to generate station-to-station 
demand matrices for different network configurations in the CBD circulation application 
area. The three zone-to-zone matrices for the 31-zone area are presented in Tables 3-9, 
3-10, and 3-11 for the low demand, medium demand, and high demand CBD circulation ap ... 

plication, respectively. The relative location of the zones within the Detroit CBD is illus­
trated in Figure 3-9. 

Table 4-1 shows that there ore five SLT deployments and one PRT deployment to 
be considered in the CBD circulation application during the System Operations Studies. 
Five station-to-station demand matrices were developed to support the SLT analyses using 
the FSM with the appropriate zone-to-zone demand matrix and station-to-station perfor­
mance matrix. The network configurations on which the station-to-station demands are 
based include the single-lane loop illustrated in Figure 4-3, the dual-lane loop illustrated 
in Figure 4-4, and the multiple shuttle illustrated in Figure 4-5. Since the station loca­
tions for al I of these networks ore identical, the link travel times presented in Table 3-8 
were used to estimate the station-to-station performance matrix for all of the SLT networks 
except for one of the shuttle alternatives. An average wait time of two minutes was 
assumed for the loop deployments. Two alternative modes of operation for the shuttle 
deployment were assumed for the purpose of generating station-to-station demand. In 
one case vehicle arrivals at transfer stations ore synchronized to minimize transfer times. 
In order to accomplish this, travel times on the shorter shuttles are increased relative to 
the non-synchronized mode until they equal the travel time on the longest shuttle. This 
effect was accounted for in the station-to-station performance matrix by assuming longer 
station dwell times for the synchronous shuttles than for the non-synchronized case. In 
general, the station dwell times for the synchronized shuttle ore 30 seconds except for 
three stations (Stations 1, 9, and 10) where an increase in dwell (either 55 or 60 seconds) 
is necessary to attain equivalent travel times on all shuttles. Toble3,-.11A shows the 
resultant link travel times for the synchronized shuttle alternative • .. Tobie 3-12 shows 
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TABLE 3-10. 12-HOUR ZONE-TO-ZONE DEMAND FOR THE MEDIUM-DEMAND CBD CIRCULATION APPLICATION 
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TABLE 3-10. 12-HOUR ZONE-TO-ZONE DEMAND FOR THE MEDIUM-DEMAND CBD CIRCULATION APPLICATION (Cont. ) 
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TABLE 3-11. 12-HOUR ZONE-TO-ZONE DEMAND FOR THE HIGH-DEMAND CBD CIRCULATION APPLICATION 
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TABLE 3-11. 12-HOUR ZONE-TO-ZONE DEMAND FOR THE HIGH-DEMAND CBD CIRCULATION APPLICATION (Cont. ) 
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FIGURE 3-9. RELATIVE ZONE LOCATIONS IN DETROIT CBD 
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TABLE 3-11A.SYNCHRONIZED SHUTTLE NETWORK LINK TRAVEL TIMES 

Link Synchronized* 
From To (min.) 

* 
** 
*** 

1 2 2.08** 
2 3 1.55 
3 4 1.52 
4 5 1.28 
5 6 1.52 
6 7 1.52 
7 8 1.35 
8 9 1.35 
9 10 1.63*** 

10 11 1.43*** 
11 1 2.27 
1 11 2.Tl"* 

11 10 1.02 
10 9 1.63 
9 8 1.77*** 
8 7 1.35 
7 6 1.52 
6 5 1.52 
5 4 1.28 
4 3 1.52 
3 2 1.55 
2 1 1.58 

Includes a 30-Second dwell time, unless noted otherwise 
Includes a 60~econd dwel l time 
Includes a 55-second dwell time 
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the assumed average wait times for the two shuttle alternatives. Transfer time is another 
element of wait t ime for the shuttle deployment. An average transfer time of 30 seconds 
was assumed for the synchronized shuttle alternative. The transfer times listed in Table 
3-13, which are one-half the assumed headway on each shuttle, were assumed for the non­
synchronized case, no transfer time penalty is assumed for the synchronized case. 

The 12-hour, station-to-station demand matrices which were generated for the 
five SLT deployments using the FSM are presented in Tables 3-14 through 3-18. Two 
matrices for the shuttle deployment, non-synchronized and synchronized, are presented. 
Since the zone-to-zone demand is symmetrical, the direction of operation of the single­
lane loops has no effect on the station-to-station demand which is generated using the 
FSM. Because the proposed DPM system for Detroit is intended to operate in the counter­
clockwise direction, that direction is assumed in this study. 

Each 12-hour station-to-station matrix can be converted to a matrix which 
represents one of the standard time intervals by multiplying the matrix by the appropriate 
factor in Figure 3-8. For example, to obtain a peak 15-minute matrix which is expressed 
as an hourly rate , the 12-hour matrix is multiplied by 4(.0553) or .2212. This result 
for each of the SLT deployments in the CBD circulation application is presented in 
Tables 3-19 through 3-23. 

Station-to-station demand matrices for the PRT deployment in the high demand 
CBD circulation application was de.termined in a similar manner using the FSM and the 
appropriate zone-to-zone demand model. The assumptions used in generating the PRT 1 
demand are: 

• AGT Velocity - 36 km/l, 
• Feeder Velocity - 4.8 km/l, 
• Average Wait Time - 3 minutes 
• Service Policy - Demand responsive. 

These assumptions were used in conjunction with the network shown in Figure 4-19 to 
generate inter-station travel times and then to map zone-to-zone demands into station­
to-station demands. The daily station-to-station demand for PRT 1 is shown in Table 3-23A . 
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TABLE 3-12. AVERAGE PASSENGER WAIT TIME FOR SHUTTLE ALTERNATIVES 

Average Wait Time - Minutes 

Shuttle Synchronized Non-Synchronized 

2-3-4-5 4.40 4.35 
5-6-7-8 4.40 4.39 
8-9-10-11 4.40 4.59 
11-1-2 4.40 3.85 

TABLE 3-13. NON-SYNCHRONIZED STATION TRANSFER TIMES (SECONDS) 

Direction of Travel 

Station Clockwise Counter-Clockwise 

2 4.35 3.85 
5 4.39 4.35 
8 4.59 4.39 

11 3.85 3.59 

Assumptions: 

- Cruise Velocity is 27 km/h 
- Station dwell applied to each link 

Acceleration/deceleration rate is 1 m// 
- Transfer time = 1/2 headway 
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TABLE 3- 14. 12- HOUR STATION-TO-STATION DEMAND FOR THE MEDIUM DE/v\AND 
CBD CIRCULATION APPLICATION, COUNTER-CLOCKWISE LOOP NETWORK 

TABLE3-15. 12-HOUR STATION-TO-STATION DEMAND FOR THE HIGH DEMAND CBD 
CIRCULATION APPLICA TION,COUNTER-CLOCKWISE LOOP NETWORK 
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TABLE 3-16. 12-HOUR STATION-TO-STATION DEMAND FOR THE MEDIUM-DEMAND 
CBD CIRCULATION APPLICATION, TWO-WAY LOOP NETWORK 

TABLE 3-17. 12-HOUR STATION-TO-STATION DEMAND FOR THE LOW DEMAND CBD 
CIRCULATION APPLICATION, NON-SYNCHRONOUS SHUTTLE NETWORK 

~~~------~~---~----~==--~-:--::- -:~-1- ~-,--------------1 
LJ '!.l- ~ - a o o .n~.~~ _____ c ___._3 ....... ~ ~,,___ .. , .._.__ _ _____ ......:,"------J"-----'~...J.L-.j 

--·-----·· 
. _ i !.J. i, 35 2 C __ _......________._ ........__ .......___ ~ ~....._....:uau_____g_g.L-~1-__J.L--..I.L--~L.1.::t.U.JS-J 

, __ i.tl._~ _ 

---1~- ....... - ~ - -"--- -><----~-3.J~~------LA--.i,.__ M._.2!!J~___JL--_1,L--l,I---LILU.......j 

l __ (lu_ __ _l?~ __ lJJ 318 B~ 3H at~ c zeH 
[ · - I l. L~L- (1<4F;- o·uR°i~G -,,,TEE.' ;-------- ------------~ 

51 



TABLE 3-18. 12-HOUR STATION-TO-STATION DEMAND FOR THE HIGH DEMAND C BD 
CIRCULATION APPLICATION, SYNCHRONOUS SHUTTLE NETWORK 
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TABLE 3-19. PEAK 15-MINUTE STATION-TO-STATION DEMAND EXPRESSED AS AN 
HOURLY RATE FOR THE MEDIUM-DEMAND CBD CIRCULATION APPLI­
CATION, COUNTER-CLOCKWISE LOOP NETWORK 

UI 

u 
, .. 

11 

•• 
'91 Cl 

Cl 

l Cl 

cffAl. HIPS ouattii UlliiUl 

52 



TABLE 3-20 . PEAK 15-MINUTE STATION-TO-STATION DEMAND EXPRESSED AS AN 
HOURLY RATE FOR THE HIGH DEMAND CBD CIRCULATION APPLICATION, 
COUNTER-CLOCKWISE LOOP NETWORK 
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TABLE 3-21. PEAK 15-MINUTE STATION-TO-STATION DEMAND EXPRESSED AS AN 
HOURLY RATE FOR THE MEDIUM DEMAND CBD CIRCULATION APPLI­
CATION, TWO-WAY LOOP NETWORK 
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TABLE 3-22. PEAK 15-MINUTE STATION-TO-STATlON DEMAND EXPRESSED AS AN 
HOURLY RATE FOR THE LOW DEMAND CBD CIRCULATION APPLICATION, 
NON-SYNCHRONIZED SHUTTLE NETWORK 
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TABLE 3-23. PEAK 15-MINUTE STATION-TO~STATION DEMAND EXPRESSED AS AN 
HOURLY RATE FOR THE LOW DEMAND CBD CIRCULATION APPLICATION, 
SYNCHRONIZED SHUTTLE NETWORK 
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TABLE 3-23A. DAILY STATION DEMAND DISTRIBUTION - PRT 1 

ORIGIN l 2 3 4 5 6 7 8 9 10 11 12 13 14 

l 0 0 0 43 143 20 60 85 78 69 99 26 13 184 
2 7 0 0 57 225 49 99 128 133 106 123 52 19 485 
3 0 37 0 0 0 0 0 0 0 0 0 0 44 0 
4 0 122 98 0 1434 107 405 831 483 431 243 950 28 0 
5 0 150 106 2974 0 177 964 2310 1875 1377 491 1760 0 0 
6 0 381 199 2646 1622 0 433 2455 2991 2557 3379 157 2 0 
7 0 99 60 1678 928 1104 0 227 460 552 1095 321 0 0 
8 0 125 81 960 1321 3538 711 0 335 524 1312 366 0 1066 
9 0 0 0 0 0 0 0 0 0 719 0 0 0 0 

10 0 105 68 850 1919 323 545 0 0 0 1262 372 l 294 9 
11 0 62 48 770 1230 306 1093 2176 1598 1275 0 2627 1 0 
12 0 55 28 196 326 70 314 384 75 408 53 0 0 0 
13 0 18 12 145 373 0 0 0 0 l 233 70 0 303 
14 0 372 127 1045 5264 535 1334 1639 66 1325 3041 0 0 0 
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3.5.4 CBD Line-Haul Demand 

Two CBD line-haul demand models representing a low-demand and a high-demand 
CBD opplication were generated,. ·. The two demand models differ only in the magnitude of 
demand. The models are based on two sources of demand information for the Houston C BD: 
"Downtown Houston Transit Needs Analysis" lO and "Houston Downtown People Mover" 
proposal .11 The "Transit Neeck Analysis" presents zone-to-zone demand matrices for two 
types of trips within the CBD: parking and circulation. Parking trips (pedestrian trips to 
and from parking lots within the CBD) occur during the hours of 6:00 to 9:00 o .m. and 
4:00 to7:00 p.m. while circulation (secondary) trips occur during the interval from 9:00 a.m. 
to 4:00 p.m. Identical spatial distributions are reported for the two parking trip intervals, 
and a different spatial distribution is reported for the circulation trips. The three-hour 
parking trip matrix is presented as Table 3-24, and the seven-hour circulation trip matrix 
is presented as Table 3-25 for reference. Figure 3-10 is a map of the Houston CBD in 
which the zones are identified. 

According to the Houston DPM proposal, a large percentage ci the projected people 
mover ridership in the peak period consists of metropolitan area bus patrons who would use 
the automated system for a portion of their trip. The DPM proposal contains station-to­
station matrices which indicate the magnitude and distribution of projected bus transfer 
trips. Two bus transfer trip matrices are presented in the proposal -- one for the morning 
peak period from 6:00 to 9:00 a .m. and one for the afternoon .peak from 4:00 to 7:00 p .m. 
The trip matrices are based on the 8-station single lane loop network proposed for the 
Houston DPM and are presented as Table 3-26. Figure 4-8 illustrates the network and iden­
tifies the stations by number . It is also estimated in the DPM proposal that a total of 
1413 trips would be made during the evening hours from 7:00 p.m. to midnight . Since no 
further information is given concerning these trips, it is assumed that the evening trips are 
evenly distributed over the five-hour period and are distributed spatially in a pattern 
identical to that of the circulation trips. DPM demand estimates presented in the Houston 
proposal are listed by trip purpose for each hour of the 13-hour service day in Table 3-27. 
The table also shows the percentage of total daily trips on the automated system which 
occurs during each hour of the service day. Figure 3-11 displays the resulting demand 
profile. This profile illustrates the general form of the CBD line-haul demand model. 
As indicated above, the daily demand is represented by three different demand matrices : 
morning peak period parking and bus transfer trips (6:00 to 9:00 a .m. ) , midday period 
circulation trips (9:00a.m . to 4:00 p.m.), and afternoon peak period parking and bus 
transfer trips (4:00 to 7:00 p.m.). The spatial distribution during the evening period 
(7:00 p . m. to midnight) is represented by the midday period demand matrix. Except for 
the evening period when the magnitude of demand is assumed to be constant, the demand 
magnitude is changed each hour by multiplying the appropriate matrix by an hourly demand 
factor. The hourly factors are listed in Table 3-28. 

The general process for generating the demand model for the CBD line-haul appli­
cation is similar to the process described in the previous section. The FSM is used to 
generate station-to-station demand matrices using the zone-to-zone parking and circulation 
trip matrices. The bus transfer trip matrices which are available only in station-to-station 
format, are then added to the FSM output to complete the station- to-station representation 
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TABLE 3-24. 1980 PARKING TRIPS IN HOUSTON CBD 
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TABLE 3-25. 1980 CIRCULATION TRIPS IN HOUSTON CBD 
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FIGURE 3-10. RELATIVE ZONE LOCATIONS IN 
HOUSTON CBD 
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TABLE 3-26. STATION-TO-STATION BUS TRANSFER DEMAND FOR THE PROPOSED 
HOUSTON DOWNTOWN PEOPLE MOVER 

Morning Peak Period Afternoon Peak Period 

Origin Dest i net ion 
Demond 

Origin Destination 
Demand 

Station Station Station Station 

1 2 752 1 6 133 
1 3 1523 3 6 967 
1 4 1076 4 6 1957 
1 5 291 5 6 1383 
1 6 475 8 1 400 
1 7 320 5 1 291 
6 1 133 6 1 475 
6 7 416 7 1 320 
6 4 1383 4 1 1076 
6 3 1957 3 1 1523 
6 2 967 2 1 752 
6 8 400 

TOTAL 9693 TOTAL 9277 
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TABLE 3-27. HOUSTON CBD DEMAND DATA 

Parking Circulation Bus Transfer Evening Total 
Hour I % of I %of I %of II %of # %of 

Trips Total Trips Total Trips Total Trips Total Trips Total 

12-1 a.m. 
1-2 
2-3 
3-4 
4-5 
5-6 
6-7 81 0.32 1260 4.92 1341 5.24 
7-8 416 1.62 6494 25.37 6910 26.99 
8-9 124 0.48 1939 7.57 2063 8.06 
9-10 129 0.50 129 0.50 

10-11 217 0.85 217 0.85 
11-12 625 2.44 625 2.44 
12-1 p.m. 961 3.75 961 3.75 
1-2 836 3.27 836 3.27 
2-3 663 2.59 663 2.59 
3-4 544 2.13 544 2.13 
4-5 404 1.58 6030 23.55 6434 25. 13 
5-6 205 0.80 3061 11.96 3266 12 .76 
6-7 12 0.05 186 0.73 198 0.77 
7-8 283 1. 11 283 1.11 
8-9 283 1.11 283 1. 11 
9-10 283 1.11 283 1.11 

10-11 283 1. 11 283 1. 11 
11-12 281 1.08 281 1.08 

Total 1242 4.85 3975 15.53 18970 74.10 1413 5.52 25600 100.00 
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TABLE 3-28. HOURLY DEMAND FACTORS FOR CBD LINE-HAUL DEMAND 

Hour 
Reference Demand Hourly Demond 

Magnitude Factor 

Morning Peak 

6-7a.m. 1341 • 13 
7-8 6910 .67 
8 - 9 2063 .20 --
Total 10314 1.00 

Off-Peak 

9-l0a.m . 129 .03 

10 - 11 217 .04 
11 - 12 625 • 12 

12•1p.m. 961 • 18 

1 - 2 836 • 16 
2 - 3 663 • 12 
3-4 544 .10 
7-8 283 .05 
8-9 283 .05 
9 - 10 283 .05 
10 - 11 283 .05 
11 - 12 281 .05 -- --
Total 5388 1.00 

Afternoon Peak 

4-5p.m. 6434 .65 
5-6 3266 .33 
6-7 198 .02 - --
Total 9898 1.00 
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of demand • The details of the demand model generation process for the CBD line-haul 
application are presented in the following paragraphs. 

The first step in the demand model generation process was one of calibration. The 
FSM was used to generate station-to-station demand using the reference zone-to-zone 
demand matrices and the network configuration proposed for the Houston DPM . The resulting 
station-to-station demand magnitude was compared to the estimate reported in the Houston 
DPM proposal. The zone-to-zone matrices were then scaled so that the FSM output would 
be the desired demand magnitude. Applying scale factors to the input demand matrices is 
equivalent to applying the same scale factors to the FSM diversion curve. The scaled zone­
to-zone demand matrices can then be input to the FSM to estimate the station-to-station 
demand for alternative networks in the CBD line-haul application. 

The FSM requires several inputs to prodL.Ce the station-to-station trip matrix: 

• Zone-to-zone trip matrix 
• Zone centroid locations 
• Station locations 
• Station-to-station perfonnance matrix 
• Perfonnance sea le factors 

"."' Zone-to-station perfonnance 
- Zone-to-zone performance 
- AG T performance. 

The two zone-to-zone matrices, which apply during different periods of the day 1 

were obtained from the Downtown Houston Transit Needs Analysis and are included as 
Tables 3-24 and 3-25. Both the zone centroid and station locations were defined in tenns 
of X, Y coordinates in a common coordinate system using the Network Build Module Processor 
in conjunction with a Tektronix Graphics Tablet. The station-to-station performance matrix 
is a trip time matrix for travel between stations on the network and is based on the following 
assumptions: 

• Cruise velocity - 48 km/h 2 
• Acceleration/ deceleration - l .0 m/s 
• Station dwel I time - 30 s 
• Average wait time - 36 s (one-half the assumed headway}. 

Table 3-29 shows the network travel times by link which were used for the calibration 
process. The nodes which define the links coincide with stations as illustrated in Figure 4-8. 
The performance scale factors are used to calculate station access/egress times and direct 
zone-to-zone travel times for use in the FSM diversion function. Since the area under 
consideration is relatively small, walking is considered to be both the station access/ egress 
mode and the alternative transportation mode. The scale factors, then, represent an average 
walk speed which is used to convert distance into travel time. A speed of 61 m/ minute. 
(200 ft/min) has been assumed. 
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TABLE 3-29. LINK TRAVEL TIMES 

Single-Lane Loop in CBD Line-Haul Application 

Links T rave I Ti me (seconds) 

(1, 2) 74 
(2, 3) 72 
('J, 4) 63 
(4, 5) 88 
(5, 6) 59 
(6, 7) 80 
(7, 4) 79 
(4, 3) 63 
(3, 2) 72 
(2, 8) 82 
(8, 1) 68 -

Total: 800 
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Using these inputs, the FSM was used to de termine the stat ion-to-station demand 
matrix for the single -lane loop network proposed for the Houston DPM. Comparison of 
these results with demand estimates presented in the Houston DPM proposal indicated that 
the parking trip matri x should be scaled by a factor of . 0605 and the circulation trip matrix 
should be scaled by a factor of . 0414 to make the FSM output consistent with the DPM 
estimates. These sca led zone-to-zone matrices, in conjunction with the reference stotion­
to-stotion bus transfer matrices presented in Tobie 3-26 form the basis for the CBD line-haul 
demand model. 

Table 4-1 shows that there are four SLT deployments to be considered in the CBD 
line-haul application during the System Operations Studies. Three of the system deployments 
utilize the one -way open-loop network illustrated in Figure 4-8. This network is identical 
to the one proposed for the Houston DPM project. Therefore it was possible to use the 
station- to-station bus transfer data reported in the DPM proposal directly. The parking and 
circulation trip portion of the demand was generated using the FSM with the scaled zone-to­
zone demand matrices and the link travel times shown in Table 3-29. For the LGRT system 
(SLT 9 as defined in Table 4-2) the average wait time was assumed to be 36s while for the 
SGRT systems (SLTl0 and SLT 11) the average wait time was assumed to be 15s. The difference 
is due to the assumption that the smaller vehicle system would be operated on shorter head­
ways resulting in shorter average wait times . The difference in assumed wait time results in 
sligh t d ifferences in the number of trips assigned to the network. The station-to-station 
demand for the LGRT system, open-loop network deployment, in the low-demand CBD line­
haul opplication(SLT 9) is presented in Tables 3-30, 3-31, and 3-32 which ore the morning 
peak period matrix, off-peak period matrix, and afternoon peak period matrix, respectively. 
The corresponding matrices for the SGRT system (SLT 10) are presented as Tables 3-33, 3-34, 
and 3-35. The peak period matri ces for the SGRT deployment ore almost identical to those 
for the LGRT deployment and the off-peak demands differ in total magnitude by less than 
10 percent. Therefore in order to minimize the number of matrices to be stored and manipu­
lated the demand matrices generated for SLT 9 (Tables 3-30, 3-31, and 3-32) will be used 
_for the SLT 10 deployment as wel I . 

To permit compari sons among systems designed for similar applications having 
different demand magnitudes, another CBD line-haul demand model was developed to 
represent a high demand application. A. SGRT system (SLT 11 as defined in Tobie 4-2) 
is to be analyzed in this high demand CBD line-haul application. The demand for this 
application was generated by scaling the low demand CBD line-haul matrices generated 
for the SLT 10 deployment by a factor of two. The resulting doily demand of 51,200 trips 
is reasonably representative of a high demand application since the overage estimated demand 
fo r the seven cities which received favorable responses to their DPM proposals is 41,000 
trips . Any of the station-to-station matrices for the total peak or off-peak period can be 
converted to a matrix which represents one hour in the period by multiplying the matrix 
by the appropriate fac tor in Tobie 3-28. The morning and evening peak hour demonrl 
matrices for the SLT 9 and SLT 10 deployments are presented in Tables 3-36 and 3-37 for 
reference. As indicated above the peak hour matrices for the SLT 11 deployment (high 
demand application) can be obtained by doubling all the elements in these matrices . 

One of the SLT systems to be anayzed in the CBD line-haul application (SLT 8 as 
defined in Table 4-2) is deployed on the multiple-loop network illustrated in Figure 4-7. 
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TABLE 3-30. MORNING PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW DEMAND CBD LINE-HAUL 
APPLICATION, OPEN-LOOP - LGRT DEPLOYMENT 

(U ( 2) ( 3) (4) ( 5 ) ( 6) ( 7 ) ( 8) (9) (lC) ClU C 12 t (13) (141 TOT 

----- ·-- -· · · 
lU C 76E 1550 1082 295 475 320 8 0 0 0 0 C 0 4498 

( .£ ) 1 1 r. 45 10 2 3 10 10 0 C 0 0 0 0 91 

( 3, 25 45 0 35 10 20 41 22 0 0 0 0 0 0 198 

(4 1 q lL 4L a 3 5 0 1 0 0 0 0 0 0 78 

( 5) 0 0 0 0 0 3 7 C 0 C 0 0 0 0 10 

( t) 133 S7C lS80 1391 0 0 417 400 . 0 0 0 0 0 0 5291 

l 7) 0 10 44 33 1 l 0 2 0 C 0 0 0 0 97 

f fl. I 12 q 22 1 0 0 2 0 0 0 0 0 0 0 52 

TOTAL lRIPS OURl~G I,._TERVAL (6:00 a .m . to 9:00a.m.) 10 315 
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TABLE 3-31. OFF-PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW-DEMAND CBD LINE-HAUL 
APPLICATION, OPEN-LOOP - LGRT DEPLOYMENT 

1 • .. l2.L__LI_1- c 4 • c ~ 1 c t I c 11 , o c g , c 1 a t u 1 t u 2 , u 3 , , 1, , I a I I 

_ _ o _ 221 .1.0._s._ ___ 32 21 11 e • (l .0 I Ci a o o -il.6..-

I 144 .,7.l_ ·--·•··c__ ___ -5..3.5._ ___ ,111, ;,, 11 ,, -A ■ u u u u L u 1 u ~ ·.1 1 

__ 't~ 't~____2.Q.l___fa_li_ M I, U , ll , M -' « M M M I• I◄ Y I A ;i I f 

1 , -4• __ .c.___ __ c ____ c o a 1s .u, , M M u u ., u ...... 1 

"'l 3 S 9<J _1_6 u u l.j , a;; " v u " u " v ... :1 1 

111• M ~ Jl llf! _ iL!I , ... ,. \I "J \I \I 'I \I u 11 9dl::1 I 

- - (9:00 a.m. to 4:00 p.m. & 7:00 p.m. to Mionignt 



0-
"-0 

TABLE 3-32. AFTERNOON PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW-DEMAN D CBD 
LINE-HAUL APPLICATION, OPEN-LOOP - LGRT DEPLOYMENT 

3) ( 4) ( 5) J_~J __ ( 71 C 8) (91 (10) (lU C 12 J '13) (14) TOT 
... 

6 4 1~3 0 8 0 0 0 a 0 0 194 

0 2 3 10 10 0 0 0 0 0 0 843 

-
41 22 0 0 0 0 a 0 2688 

0 1 Q 0 0 0 0 0 3111 

I I I ' l a 0 0 Q 1386 1 a 0 C 0 0 0 a 1684 

f ~ l t. 7 s; ~ ,~ A Cl n _ j__ 0 0 0 0 C 0 0 510 
-·· ·---· 

3£0 l_C - - ~'t__ __ 33 __ _ 7 __ 1 _ · ·· - O ___ __ 2 0 0 a 0 0 0 417 

8 l_ __ 4 12 _ _ _ -~ -- _ 2 2 1 0 0 __ 1 ____ a 0 a 0 0 0 0 452 

OTAL TRIPS DURING l~TER\/AL (4:00 p . m. to 7:00 p.m .} 9899 
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TABLE 3-33. MORNING PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW DEMAN D CBD 
LINE-HAUL APPLICATION, OPEN-LOOP - SGRT DEPLOYMENT 

11) ( 2 } ( 3 ) f 4 I r 51 ( 6) ' 1 • ta, (9) ( 101 ( 11) ( 12) (13) ( 14) TOT 

. ----·- ·-
'11 0 769 l!!l 1C82 295 4 75 320 8 0 0 0 0 0 0 4500 

•~J 12 0 46 10 2 3 10 10 0 0 0 0 0 0 93 

,___ ----
n) 25 46 0 35 10 20 41 22 0 0 0 0 0 0 199 

L---

C4l IC 12 42 0 4 5 0 7 0 0 0 0 0 0 80 

'5) 0 o 0 0 0 3 1 0 0 a 0 0 0 0 10 

··-- - --
16) 1f 3 970 1980 . 1391 0 0 422 400 0 0 0 0 o 0 5296 

(7) a 10 45 33 1 l 0 2 0 o 0 0 0 0 98 

, ea 12 10 22 7 0 o · 2 0 0 0 0 0 0 0 53 

TOTAL TRIPS OIJRING lhlERVAL .(6:00a.m. to9:00a.m.) 10329 
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TABLE 3-34. OFF-PEAK PERIOD STATION-TO- STATION DEMAND FOR THE LOW-DEMAND CBD LINE-HAUL 
APPLICATION, OPEN-LOOP - SGRT DEPLOYMENT 

' 1 l 121 J..11. '4 ) I ... , 11-1 , • I I IIH I ;,, I I I u • I I • I I I « • I I .. • I I .. I Ill I I 

,.u Ll ~3.'t 111 ?.3 - - 2f ..... 1.1. E. . . - ' - ____ (l _____ _o_ C __ _o __ __a __ .Q. __ ~2._g __ _ 

J21 J.7'1 0 5 5 0 113. . . .5 't_ . 11 __ .. 't It _ . .5.f ... __ JL Q O C O _jJ __ J.C.ll 

I " ... , ' C 

_ .1.tu_ __ _n __ ..J....f.___j_c I IC =1i L l,J L & ◄ & 4 U U U IJ II If -, IM I 

....__.__.__.__ __ _ lL_~ 8- l 2 l .C 1 1 3 6 3 2 0 ~ o C 0 C a 0 4 6 5 I 

j_ ___ .2 ! 5 t 1 f._ __ ....Li._____.&._L L ,, ,. u u 1-1 1-1 w 11 « • , 1 

- 9:00 a . m. to 4:00 p,m. & 7:00 p.m . to MidniAht 
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TABLE 3-35. AFTERNOON PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW-DEMAND CBD 
LINE-HAUL APPLICATION, OPEN-LOOP - SGRT DEPLOYMENT 

( 1) { 2) { 3) (4) ( 51 '6) '1) (8) . (9) (10) (ll) (12) Cl3) C 14) TOT 

( 1) 0 17 28 6 4 133 0 8 0 o 0 0 0 o 196 
. ( 2, U4 C 46 10 2 3 10 10 0 o a 0 0 a 845 

l3) 1548 46 0 35 10 C387 41 22 0 C 0 0 a a 2689 

(4) 1086 12 42 0 4 1962 O · 1 0 0 0 0 o o 3113 

( 5 l ~91 C C 0 0 13E6 7 C 0 0 0 0 0 0 1684 

( 6) 475 3 23 8 a 0 6 a 0 0 0 0 0 0 515 

- · 
(1) 32C 10 45 33 1 l a 2 0 0 0 0 0 0 418 

c a , 412 10 ,2 1 0 o 2 C a C a 0 0 0 453 

TCTAL TRIPS CURit;G UiTERVAL (4:00P.m. to7:00p.m.) 9913 



TABLE 3-36. MORNING PEAK-HOUR STATION-TO-STATION DEMAND FOR THE 
LOW-DEMAND CBD LINE-HAUL APPLICATION, OPEN-LOOP NETVv'ORK-
LGRT DEPLOYMENT 

tl) (2) (3) (4) (5) (o > ' 1 ) ( 8) TOT 

cu 0 51~ 1G38 724 197 318 214 5 3010 

(2) 1 C 30 6 1 2 6 t 58 

(.'3) 16 30 0 23 6 13 27 14 129 

(41 6 8 ,e 0 2 3 0 4 51 

(5) 0 0 0 0 0 2 4 0 6 

lt) 89 6'99 1326 931 0 0 279 267 3541 

(7' 0 6 2 <; 22 4 0 0 l 62 

ce, 8 6 14 4 0 0 1 0 33 

TOTAL TRIPS OURlhG INTERVAL 6890 
(7:00 a.m. to 8:00 a . m.) 

TABLE 3-37 . AFTERNOON PEAK-HOUR STATION-TO-STATION DEMAND FOR THE 
LOW-DEMAND CBD LINE-HAUL APPLICATION, OPEN-LOOP NETWORK-

LGRT DEPLOYMENT 
- - - -- ·-·- - --- · ·- - ---- ·•··- ···-·--------

. __ . __ . U I . C 2 ) _ .. _ ( 3 I C 4 » C 5 J _ J_ ~l __ _,_C1~>.___._l .-=-t .._J _ _ l-:c..;::0 ___ 1_ 
·-·- ·---- - -- - -·- - - -

ill ··- g . . 19 ____ _lJ__ _ 3 ___ 2 _______ afL ____ ~ _ _,,.:;___ __ l._.2LM3C--

--· ··--··-- . ----- - --- --·---------···----
1.l l .. ~~ 2._. ___ Jl ---·-· le; ~ 1 J_ _ _{ ( 544 _ 

.1 'tj 70~ 

(,? I ll;t9 

I 6 I ~Q~ 

UJ io1 

uu 2~7 

HHA-., HHP.~ 

- - ·- ---. -· 
114't 

7 27 -- --~O __ L.12 . .1.~---·- ___ 0._ _ ___,_~ _ ____,20~1._.9c_.. 

0 

\ 

0 

\ 't 

ie 

l~ 

Q 

-- ~ .. 

-- i J 

!t -

Q 90Q { . . 1 C93 
·-·--·· -- --

9. ~ Q -· C_ _ - - 328 

_i t C _ l _ 26 7 . 

0. 0 . l . . . . . C. __ . 2 9 1 

DUR ING·- lt..·1-EB_'iAL(4:00 p.m. to 5:00 p.m . ) 6't09 

73 



The multiple-loop and one-way open-loop networks hove several common stations, but in 
some coses multiple -loop stations ore located up to a block away from the corresponding 
open-loop station. The multiple-loop network also has two additional stations which ore 
not included in the open-loop network. Since the reference bus transfer demand data ore 
in station-to-station format based on the open-loop network, the bus transfer matrices were 
modified to make them applicable to the multiple loop network. It was assumed that the number of 
bus transfer trips remains constant but that the alternate network causes some changes in the 
distribution of the trips. In general, the bus transfer matrices were modified in two ways. 
The first way attempts to account for the fact that the multiple-loop network has two more 
stations than the open-loop network. It is assumed that one-third of the trips which use the 
open-loop station closest to the added station are diverted to the added station in the multiple­
loop network. Table 3-38 illustrates the relationships among stations which were used to 
assign open-loop bus transfer demand to the multiple-loop network. The multiple-loop 
and open-loop networks are illustrated in Figures 4-7 and 4-8, respectively. The table shows, 
for example, that morning peak period bus transfer demand destined to open-loop Station 2 
is split among multiple-loop stations 4 and 1. Since Station 1 is a new station which does 
not appear in the open-loop network, one-third of the demand is assigned to it while the 
remaining two-thirds of the demand is assigned to Station 4. The second modification to the 
reference bus transfer demand is based on the assumption that bus patrons who choose to use 
the AGT system will attempt to access the system so as to minimize their travel time. This 
means that bus transfer patrons wi II access the AGT system at the transfer station nearest 
their destination. Since some transfers are inevitable with the multiple-loop network, it 
was assumed that fifty percent of the bus transfer trips (defined in terms of the open-loop 
network) which would have to transfer in the multiple-loop network would be able to access 
the system at the other bus transfer station thus eliminating the need to transfer. This re­
assignment of passengers to the other bus transfer station was not applied to trips from one 
bus transfer station to the other. The station-to-station bus transfer demand defined in terms 
of the multiple-loop network is presented as Table 3-39. 

The remaining portion of the station-to-station demand for the multiple-loop network 
was generated by the FSM using the scaled zone-to-zone demand matrices generated as 
described previously. The station-to-station performance matrix is based on the following 
assumption: 

• Cruise velocity - 48 km/h 
2 

• Acceleration/deceleration - 1.0 m/s 
• Station dwell time - 30 s 
• Average wait time - 38 s north loop 
• Average wait time - 36 s south loop. 

Table 3-40 shows the network travel times by link which were used to construct the 
station-to-station performance matrix for the multiple-loop network deployment. As before, 
an average walk speed of 61 m/min (200 ft/min) was assumed for the purpose of estimating 
access time and direct zone-to.-zone trip time. 
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TABLE 3-38. MULTIPLE LOOP BUS TRANSFER STATION ASSIGNMENTS 

Open Loop 
Corresponding Multiple Loop Station 

Station Station Location With Respect 
to Open Loop Station 

l 3 Same 

2 4 Some 
l New 

3 5 1/ 2 Block lower 

4 6 l Block Lower 
10 New 

5 9 Same 

6 8 Same 

7 7 Same 

8 2 Same 
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TABLE 3-39. STATION-TO-STATION BUS TRANSFER DEMAND 
FOR THE MULTIPLE-LOOP NETWORK 

Multiple Loop 

Morning Peak Period Afternoon Peak Period 

Origin Dest. 
Demand 

Origin Dest. 
Demand 

Station Station Station Station 

3 1 412 1 3 251 
3 2 200 2 3 200 
3 4 823 4 3 501 
3 5 1523 5 3 1523 
3 6 359 6 3 359 
3 7 160 7 3 160 
3 8 475 8 3 475 
3 9 146 9 3 146 
3 10 180 10 3 180 
8 1 161 1 8 0 
8 2 200 2 8 200 
8 3 133 3 8 133 
8 4 ~23 4 8 0 
8 5 1957 5 8 967 
8 6 1280 6 8 1663 
8 7 576 7 8 160 
8 9 145 9 8 1528 
8 10 640 10 8 831 

Total 9693 9277 
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TABLE 3-40. LINK TRAVEL TIMES, MULTIPLE LOOP IN CBD LINE-HAUL APPLICATION 

Links Travel Time (seconds) 

North Loop 

(1, 2), (2, 1) 88 
(2, 3), (3, 2) 72 
(3, 4), (4, 3) 80 
(4, 5), (5, 4) 66 
(5, 1), (1, 5) 78 -

Total: 384 

South Loop 

(5, 6), (6, 5) 65 
(6, 7), (7, 6) 73 
(J, 8), {8, 7) 84 
(8, 9), (9, 8) 61 
(9, 1 0) , (10, 9) 71 
(10, 5), (5, 10) 76 -

Total: 430 

Vehicles on each of the loops of the multiple -loop network can be operated in either 
a clockwise or counter-clockwise direction. To investigate the effects of directionality 
on demand, station-to-station demand was generated for two cases: 

• North loop-clockwise, south loop-counter-clockwise 
• North loop-counter-clockwise, south loop-clockwise. 

The station-to-station demand for the multiple-loop network in the low-demand CBD line­
haul application (SLT 8) is presented in Tables 3-41, 3-42, and 3-43,which are the morning 
peak period matrix, off-peak period matrix, and afternoon peak period matrix, respectively. 
These matrices represent demand for the case in which the north loop is operated in a clock­
wise direction. The other case, in which the north loop is operated in a counter-clockwise 
direction, results in essentially the same magnitude of demand being assigned to the network. 

The morning and evening peak hour demand matrices for the case in which the north 
loop is operated in a clockwise direction are presented in Tables 3-44 and 3-45. The 
corresponding matrices for the other case (north loop operated in a counter-clockwise direction) 
are presented in Tables 3-46 and 3-47. 
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TABLE 3-41 . MORNING PEAK PERIOD STATION-TO-STATION DEMAND FOR THE LOW-DEMAND 
CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

1 OA 12) 1.31 141 151 lid 17L ltl 1'0 , I'll 1111 IUI llll 1 ... , JUI I 

~ C ~ - I U Ji ll U II ll ' :1 I 

( 2 J 2 0 _ _______n ____ __Q__ 9 . 1 o u L I n u u u u u • , I 

li.! .it. _g 1.6 _Q .3 C 

U.1 '- 10 2C ;1 C C___.½1 "" ~ "J ll lj u " ""' I 

~ I u,1 c. 1 1r. .i ~1 r r _, 

UU lbl 

.t ' C Q C 11 11 4_ c O g o 0 26 I 

HlTAL IBJP '6_;_00 CJ ._m_._t9 9:00 a. m 

Note: North loop - clockwise, south loop - counter-clockwise. 



TABLE 3-42. OFF-PEAK PERIOD STATION-TO-STATION DEMAND MATRIX FOR THE 
LOW-DEMAND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

--- -- -------
lU I 'l t 3 l · 14 I i 5 l i 6 l l 7 l ( 81 (91 C 101 (l 1 l U2l ( 13 ) ( 14 ) TOT 

--
( l) a 38 23 60 389 0 16 1 8 11 0 C a 0 552 

( 2' 54 C 0 51 58 C 9 6 6 1 0 0 0 0 191 

( 3, 41 2 0 0 104 0 7 9 11 16 0 C 0 0 190 

--
' 4) 22 53 223 0 83 0 0 a 0 0 0 0 0 0 381 

( 5 l 0 38 83 3 59 0 0 101 35 45 66 0 0 0 0 747 

----
( 6) a 31 49 184 630 0 0 63 102 0 0 0 0 0 1059 

I 
'-J (H a <j 8 47 114 237 0 0 0 39 a 0 0 0 454 
--0 

( 8) 0 10 2 l 35 78 173 115 0 0 a 0 0 0 a 432 

' ~) C 0 0 0 a 0 0 0 0 0 0 0 0 0 0 

( lC j 0 C a 0 0 0 10 31 80 C 0 0 0 0 187 

lCL~l TRIPS CURl"G HTERV!~(9:00 a.m. to 4:00 p.m. to Midnight) 4193 

-
Note: North loop - clockwise, ·south loop - counter.-clockwise. 
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TABLE 3-43. AFTERNOON PEAK PERIOD STATION-TO-STATION DEMAND FOR THE 
LOW-DHMND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

---------·--~-------
(.U C. . li...-2 ~ 1 E ~ L_ 4 1 0 C 0 C 0 0 324 ---l 

.L2.L __ .. .2..0. . _ _ _o__ _.20..0 .i 1..6 .c 2 2cc 

L ___ L S -~ l J C ~ c 0 c 0 o o o 0 0 5 3 l I 

4 51 -----' -- .l.0. .. 1~3. i- 1 0 -- C , A :,a, L J u L I. L LCU'JI I 
--- - -· ·------- -----· - . ----

- .taL -- -'--- _ . .1 __ .3.~ --- e 31 _ _{._ ____ ,. lbl-,C " u u u u u ·" nc 1 

_ .1.7 l C 2 16.C. __ l.0._ _____ ..4...1... ___ _ ..?..J _____ C .lf..L ____ ___t.___ J O C ,., ,, 
C 0 413-

, ___ .iJU - - - - -C . ______ _c __ __ ~ .15 ____ _l_ 2 l _JL __ L ___ c O Q o C j " r 0 0 508 
----. --- - -------- . . - - --- - --- --__ -1.'.tL____ -' __ C _l~t _ _ __L _ _c,_ ____ .L ______ C.--1~ 0 0 Q Q c " " 0 Q 16Z~ 

- ---- --
J.1Ul . C ____ __ .C. . .180 __ a_ _ __ _n _____ jl __ ___ 11._ i..-ti.C 4 C o 0 j " r. r C 1C31 • 

.IJJIA.L. . IB..l.£> .S .OL.B.Jh.G.._lll.f.R.~ (4:00 p.m. to_ 7:00 p.m • .L....... _ __________ -..i.J~"'---l 

Note: North loop - clockwise, south loop - counter-clockwise. 



CX) 

TABLE 3-44. MORNING PEAK HOUR STATION-TO-STATION DEMAND FOR THE 
LOW-DEMAND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

·· -- · - - -···- .. 

--· -
__ , u ___ < 2) _ c_3 • __ (It) ( 5) ( 6 ) ___..11 L ___ J E > (q) C 10) TOT 

- - - ·- -- --·- ·- · --· - --- --- --·--
_Jll _____ 0 ___ ___ 8 _ 4 ___ 5 28 C 2 ( C 0 41 

·- · . - ---- - - ---- ---- -- ----- -
_ { il __ _ _U __ __ o _ C 6 10 0 l C 0 0 JO 
-·-·-•·- --- - . --
_...Ll_L _ i~L..l 3 c; C !!I 1C37 24( 107 31(! 91 123 2894 
·---- -· ··-- --·-· -- - ---- --· - ---- --
___ (~.l ___ L 6 10 0 2 0 a c 0 0 19 

I 

-- - --·- -- - ·-· ---------- - •· ----·-- -

I 
_ .15 l . _____ C ___ _ 6 __ 13 _ l 8 0 0 21 c; l 3 11 
- --·-··-

i..QL C 4 f 5 20 C C 
., 

2 0 'tO ·- .. ---- · - . ------ - -
- -------- --- -- · ---------- ----
_ _l 1.L. ________ g_ __ .... 1. .... 0 6 21 24 Q c 91 " 159 
- --·- -- - - - - ·- - --·-- - - --------- --- ··- ---·- - ·· 
----'-~ t _ .lJU --~}1. __ __t~_il_Ll 32 5 ee2 .. 386 c 0 428 3548 

_ ('JL _ ___ O . __ O _____ O __ _Q_ 0 0 0 C 0 o. 0 

-- ---- --··- -- - ------
J 1 u1 __ ---- ~ ______ o ___ _ O - 0 0 (] 7 l 2 0 16 

. lYTltL_J~ LES. (;JJ.!U~~ ~~J!.1-IB~AL...(7:00 a.m. to 8:00 ·a.m. ) 6830 

Note: North loop - clockwise, south loop - counter clockwise. 
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TABLE 3-45. AFTERNOON PEAK HOUR STATION-TO-STATION DEMAND FOR THE LOW­
DEMAND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

--- . ··----- ------ ----·--·····-··-- ---------------------
HI l Z.L __ 1ll _ __ J~ ___ _liL _..1~L_J.lL __ ( 0 ( ~) ( lo l JO J 

·-·-· ·- ----- - - - - --- ------------
. . lU ' 1 . 161 .. __ -5.._ 27 .. JL _ ___ ..z_ _ ~ __ _o__ _ _o_--2..0...8 

i.d -· - l2 . . ·- C 1iez ____ _5_ ____ l.C . -- . c _______ l _ ...12~ , C O 28t I 
·- ---- ···· .. --···· ·-·-·- ·•- ------------- -· --·--- -----------------------1 

I.; l 

l 't l 

'5) 

( ~l 

l 1l 

uu 

''iii 
_ .UUl 

·-· . 

__ TUTA.l 

0 

-' 

C 

C 

C 

ii 

C 

5 

a; 
J 

0 _ _Q__ . _ 16.. .. -· ~ 

:3~6 .c_ __ ___ l __ C 

6 100.2 .... 1.7 .c ..... _( 

_o ---- _a..t_____ -__ o__ " A la c I 

--- - -· ·------··--- -c .. . C ____ _o __ ___o----3 
-- --· · ··· ·- ··- - --- ·---- --

2f. t3J ______ 1_ __ ...3.. 1692 I 
----- ---- -· ----- --- ------·- -------------------t 

't 2 3. ~ . . 5 ___ 2 0. _ _ C . 0 . l 08.~-- ----- l. -- -· JL. "•'-'... 1 
. - - -- . -- ·--·-· ••· .. . --- . ··- ---- -------- -

l 1.0~. __ _ f. _ . 2L __ .2..~ c . .... 1 (l_ _ ___c__ :, Lu • I 

-- ---- -- ·- . _, ----- - -- - ··--· 
0 308 __ L_ ____ l.3 . _ 5 0 - . . _( -- ---~ -- M ,-14 • I 

----- ·· --- ·----- -·---
Q «;'t jJ __ __ __ __ .c_ __ _____ , ... O ... 'i~ __ _.o.. ___ M IMQI I 

------------·· -- --·-·----" o 11t... ___ _c __ ___ c ______ _c ___ ____ .J. _ !4..1 .. , Lj "" 1 

I HJ PS Cl.RI h G ·1iii.ii\i IL (4:00 P..!..~L~o 5_~Q9 ~ , .,.,. ,. w 1 

Note : North loop - clockwise, south loop - counter-clockwise. 
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TABLE 3-46. MORNING PEAK HOUR STATION-TO-STATION DEMAND FOR THE LOW­
DEMAND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

f-----· · 
__ ____ ill. .. l.Z.l _ _lll __ _u1 __ J2l Ctl (]) CO '"I (101 JOT 

- -·--·-· -------- -- -------- - - -- ------- - - ------ -
---- UJ ____ .. -~ __ _13 _ ___ ~ _ ___ _l ___ _o_ __ _o__ O C O O 20 

. ------ - ---- - .. . .. ----- ------------------------ ----
.ti~ . __ ~-- __ ___ .Q - ----~ --_L_-~ _____ !t__ 1 C O O 30 

. ---- ... . ·- -- ------- ·- - ---------------------
. JJI _ l~Q ___ J._33 _ _ . JL _!~..Ll.C_JJ_ 2't1 lCJ 31{ 51 1,c 2~21 

- -- --- ----- ·- -~-- -- ·-------··------------- --- --------
" . 1 'tl ___ ~ -- ___ 6 C C 18 5 6 , O o _i2 

-----------------· - -····------------ - - -
. L~J r lJJ _ _ . HL _ lL_ __ i._ __ __L __ 2.t_ __ __.2_L___.1_~ C C ..ll1 

___ .. ____ ··------- ------------- ---------------------------
'~1 " ~ _ _ ___ O_ _ __ O O ___ _a___ ___ ___ JL _____ 2.!t__ ~ C O ~ 

- --------- -------------, _J_] __ l7J. . . _ 2 ____ .. L . _ C C _-2.L_ C O C .JL _ _______..._ _ _ 
---·- -- ------ - ---- - -------- -·· - ------- ---- -1 

_ ~Ui l J.~li .l.33 . ... Jl9. ___ i.l L_l_~_2C. ____ .f t.L_ .1.f..5. _ _{__ __ .5.]_ '1 3 t 3 64 't 
--- ~ -------

. l ~ L _ _ C _ _ Q _ __ JL _ _o_ 1 2 o C O 2 5 I 

1Ha _____ , ___ · c _ 2.. _=:_o _ _ ~_-3==~=---_L- c a o 9 l 
IQ It! L --1 Bl f s .C l..R lli(._n.iii~1i._J7-~_Q__51. "!• to 8:0Q_~ !.Q'.i .• ) 6 a 3 0 I 

Note: North loop - counter-clockwise, south loop - clockwise. 
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TABLE 3-47. AFTERNOON PEAK HOUR STATION-TO-STATION DEMAND FOR THE LOW­
DEMAND CBD LINE-HAUL APPLICATION, MULTIPLE-LOOP NETWORK 

1-----·· ·· - - ·· .. ·-· -·· - ··· - ·· ·· ·- ·--· --·- - - -----
LH . j ~ l UJ ·--l.il__iil___ J .~ .L ... 111- . CE I .liLJ 10) lOT 

- -·- - - ·-- -----· .. _u, 1 ... . . Q .. l.Z _ l~'! ___ _l_. __ ___c_ _ _1___ . ___ c.____c. _ __ C O 182 

l.~ 1 . 1 . _ ~ . j.J. t ·- .. ----2_ _____ ~ ----· ~-·-- _ __L _ __.ll_~. _ __Q__. O , 81 
- - . ---- ·- . ···~-·---- ·-- - - ·· 
. LH .. ~ ~ . g __ __ . lQ. ____ ._u ___ ~ -·--·---JL _ BE .Q_ o 117 1 

- ·- - --- ---· - - · ·--- -- -·-------·-·--
_ l~.l ... -·· 2 .. .. 5._ .. 32 5._j)___ _ 17 ..5.. 6 1 " " .,w--, 1 

------- ------ --- - ·· ... ··------ - - - -
, ~ 1 . "1 .. u: 1 Q c ~ ... __ 1 ___ _Q_ __ .z..t .. _ _ 2..6.. __ .H-'---·-- " " .. , ,., .. r 
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3.5.5 High CBD Orientation, High Reverse Commutation Metropolitan Area Demand 

The demand model for this application area is based on a 1965 home- interview 
survey of travel behavior in the Cincinnati Metropolitan Areas. The survey tape was 
obtained from the Ohio-Kentucky-Indiana Regional Council of Governments and 
contains 261,226 records which define travel among the region's 460 traffic analysis zones. 

Generation of the metropolitan area demand models is essentially a four-step pro­
cess. As a first step the trip records on the survey tape are screened to remove intra-zone 
trips and invalid records. At the same time the start time of each trip record is replaced 
with a code denoting the quarter-hour (1 through 96 for a 24-hour day) in which the trip 
is initiated. In other words, trips ore aggregated to quarter-hour intervals. After com­
pleting this process and converting each trip record to binary format, the demand build 
module generates three files. Trip records which are accepted are reformatted and the 
following information is stored in one file: 

• Origin zone 
• Destination zone 
• Quarter-hour number 
• Mode 
• Number of trips represented by the record (XlOO) . 

A second file is created in which the trip records which were rejected for any reason are 
recorded in the same format as the entire survey record. The third file is a survey summary, 
and it is generally printed out. The summary records the number of trips and trip records 
by quarter-hour for all trips, for trips whose destination is the CBD, and for trips whose 
origin is the CBD. 

As a second step in the demand model generation process, a set of demand profile 
histograms is generated using the survey summary data. Figure 3-12 shows the demand 
profile generated for total travel in the Cincinnati region. The data indicate that pre­
ferred t imes for trip initiation tend to be on the hour and half-hour. This may indicate 
an actual trend in travel behavior, but the preference is probably exaggerated to some ex­
tent by the quantization of time by survey respondents. Interviewees may tend to report 
that trips were initiated on the hour when in fact, the trips began 5 or 10 minutes past the 
hour. This uncertainty suggests that the time interval over which demand is aggregated for 
analysis purposes should not be shorter than one-half hour. Alternatively, survey data 
can be modified to produce a smoothed version of the demand profile so that temporal 
variations in demand can be observed more easily. The following smoothing formula was 
applied to each 15-minute interval: 

Y(N) = .25D(N-l) + .50D(N) + .25 D(N+l), 
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where 

Y(N) 
D(N-1) 

D(N) 
D(N+ 1) 

= smoothed demand magnitude for the Nth interval 
= actual demand magnitude for the previous interval as reported in the 

survey summary fi I e 
= actual demand magnitude for the Nth interval 
= actual demand magnitude for the fol lowing interval. 

The smoothed profile for total travel in the Cincinnati metropolitan area is shown in 
Figure 3-13. Demand profiles, which have been smoothed in the same way, showing 
CBD attraction and CBD production are presented in Figures 3-14.and 3-15, respectively. 
The CBD production profile does not show a large number of trips leaving the CBD in the 
morning peak period even though Cincinnati is classified as a high-reverse commutation 
application. This is not inconsistent as the classification is based on the percentage of 
total travel rather than on absolute magnitude and on trips originating in the entire central 
city rather than just in the CBD . 

These profiles are used to complete the third step in the four-step demand model 
generation process. This third step consists of selecting the demand intervals to be used 
in modeling the temporal and spatial variations in demand. Travel demand in a metropolitan 
area can be described in terms of four basic intervals which exhibit fundamental differences 
in the spatial distribution of trip origins and destinations, in trip purpose, and in demand 
magnitude. The morning peak period is typically characterized by a relatively large 
proportion of inbound work trips. The afternoon peak period is genera I ly directed outbound 
from the CBD and consists of shopping and personal business trips in addition to work trips. 
The afternoon peak period usually consists of more total travel and frequently has a higher 
peak demand than the morning peak period. The midday period between the peaks typically 
displays a more diffuse travel pattern than the peak periods and has a lower but quite 
significant magnitude. Finally, the evening period also typically exhibits a very diffuse 
spatial distribution and consists of shopping and entertainment trips with some home-based 
work trip activity which is generally not CBD oriented. The magnitude of demand during the 
evening period may be quite large during the early evening but is generally very low after 
midnight. The demand magnitudes associated with these four basic demand periods for the 
Cincinnati region are illL.Strated by the demand profile histograms . Figures 3-13 and 3-14 
show that the morning peak period extends from about 6:00 a.m. to 9:00 a.m . and that the 
demand changes quite rapidly during this period. Figures 3-13 and 3-15 show that the 
afternoon peak period extends from about 3:00 p . m. to 6:00 p.m. (hours 15 to 18) and 
that the magnitude remains relatively high during most of the three-hour interval. 
Figure 3-13 indicates that the demand for the midday period is relatively constant with 
some increase in travel activity around noon. The demand magnitude during the evening 
period initially increases then gradually decreases until midnight. After midnight the 
demand.is quite low and relatively constant until the morning peak period begins. 

To represent the basic differences in spatial distribution the demand model for each 
metropolitan area application consists of four origin-destination (O-D) matrices which 
describe the demand distribution during the morning peak, midday, afternoon peak, and 
evening periods. Spatial variations could be represented by a larger number of matrices at 
the expense of increased data storage and computer run ti me req ui remen ts. However, 
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as the interval over which the data is aggregated becomes small, the matrices become very 
sparse. The Cincinnati survey data itself is sparse in that the average number of records 
per possible O-D interchange is only 1.23 for the entire 24-hour period (261,226 records 
and 211,600 (460 x 460) zone- zone interchanges). The use of four spatial demand matrices 
tends to balance the requirements of adequate detail and data storage. 

Figure 3-16 illustrates t he form of the temporal demand for the high CBD orientation 
high reverse commutation metropolitan area application. In order to smooth the data some­
what without arbitrarily modifying it by the smoothing technique described earlier, demand 
has been aggregated over one-hour intervals. The intervals over which the peak period 
matrices apply were extended so that the change from one matrix to another occurs during 
a period when the demand magnitude is not changing significantly. The four spatial 
demand matrices apply to the following periods: 

• Morning peak period 
• Midday period 
• Afternoon peak period 
• Evening period 

5:00 a.m. to 10:00 a.m. 
10:00a.m.to 2:00p.m. 

2:00 p.m. to 7:00 p.m. 
7:00 p.m. to 5:00 a.m. 

The magnitude of demand is changed each hour by scaling the appropriate spatial demand 
matrix. The scaling factors are shown as percentage figures over each hour in Figure 3-16. 
These factors ore derived relative to each other only within a given time period as listed 
above. 

Another port of this step of the demand model generation process is the definition 
of the service area for which zone-to-zone demand is represented. Some zones for which 
demand data is available are eliminated so that the service area corresponds more closely 
to the area of coverage of the automated guideway. In general, the service area is 
limited to an area extending about two miles beyond the outermost stations of the AGT 
network. The networks to be considered in this application are illustrated in Figure 4-10, 
4-15, and 4-16. Table 3-48 defines the service area in terms of traffic analysis zones 
in the Cincinnati metropolitan area. The service area is bounded on the east by the 
Licking River and Madison Pike in Kentucky and by the Columbia Parkway, Stewart Road, 
and Plainfield Pike in Ohio. Galbraith Road approximates the northern boundary. The 
western boundary of the service area is approximated by North Bend Road, Colerain Ave­
nue, Montana Avenue, Westwood, Northern Boulevard, and Neeb Road in Ohio and by 
the Kenton County I ine in Kentucky. The service area is bounded on the south by the 
towns of Edgewood and Elsmere and by the Kenton County line. 

The final step in the demand generation process for metropolitan areas is to gen­
erate the four t rip matrices in UTPS compressed format using as input the file of accepted 
trips which was created in step one. Trips which are outside the service area as defined 
in the previous step are then eliminated. While this provides an adequate temporal and 
spatial distribution for use in the program, the overall magnitude of the demand in this 
area was reduced to one-third in order to approximate anticipated AGT travel volumes . 
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TABLE 3-48. ZONES COMPRISING THE SERVICE AREA FOR THE HIGH CBD 
ORIENTATION, HIGH REVERSE COMMUTATION APPLICATION 
AREA 

Ohio 

065-099 
100-119 
121-129 
133-137 
149-157 
192-199 
200-267 
298-299 
300-337 
350-351 
380-391 
396 
401-403 
413-430 
432-433 
435-441 
454-455 
495 
491-492 
485 
488-489 

Kentucky 

757-776 
785-794 
797-799 
800-810 

Note: The service area is defined in terms of traffic analysis zones 
in the Cincinnati, Ohio metropolitan area. 
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In t his application area, the fol lowing assumptions were used to generate the inter­
station travel times using the DESM, and then to map the zonal de mand for each t ime 
period onto each of the three networks pictured in Figures 4-10 (ART 1), 4-15 (GRT 1), 
and 4-16 (GRT 2): 

• Feeder Velocity 
To Stations (km;1,) 
Direct (km/h) 

• AGT Velocity (km/h) 

• Initial Wait Time (min.) 

• AGT Service Routes 
(round trip between 
stations as numbered 
in Figures 4-10, 4-15 
and 4-16; stopping at 
al I intermediates) 

ART 1 

10.8 
13.8 

64.8 

3 

11-25 
4-25 

19-28 

GRT 1 

10.8 
13.8 

79 . 2 

3 

1-4 
1-11 
1-26 
1-28 
7-23 

GRT 2 

10 .8 
13 .8 

79 .2 

3 

20-1 6 
1-27 

17-27 

Of the total daily travel demand assumed in this application area, 35 percent (124,671) 
was found serviceable by the ART 1 network, while the GRT land GRT 2 networks could 
service only 31 percent (110,172) and 32 percent (112,869), respectively. The station­
to-stotion demand matrices ore stored in the following members of the AG T. IAN DD. DEMAND 
ti le: 

ART 1 GRT 1 G RT 2 
Network Network Network 

A.M. Peak Period EARTIA EGRTIA EGRT2A 
Mid-Day Period EARTIM EGRTIM EGRT2M 
P .M. Peak Period EARTIP EGRTIP EGRT2P 
Evening Period EARTIE EGRTIE EGRT2E 

For inspection, the total demand accessing and egressing each station is presented in 
Tables 3- 48A, 3-48B, and 3-48C for these three networks. Four values are shown for 
each station, representing the demand during each of the four time periods of the day. 
Station numbers refer to the numbering on the networks pictured in Figures 4-10, 4-15, 
and 4-16, respectively. 

3.5.6 Low CBD Orientation, High Reverse Commutation Metropolitan Area Demand 

The demand model for this application area is based on a 1965 home-interview 
survey of travel behavior in the seven county Detroit metropolitan area . The survey 
tape was obtained from the Southeastern Michigan Counci I of Governments and contains 
307, 148 records which define travel among the region 1s 1446 traffic analysis zones. 
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TABLE 3-48A. DAILY STATION PATRONAGE -ART 1 

STA. NO. 
STATION DEMAND 

STA. 
STATION DEMAND 

ACCESS EGRESS NO . ACCESS EGRESS 

1427. 1 7 58. 15 
123 . 6 1. 

969 . 918. 
37. 55 . 

2173 . 2122. 
11 6. 1 55. 

1136 . 92 1. _ _ .3..5 ·-· .. - - . .5. 9 . . 

998. 128 9. 489 . 601 . 

2 . 90 6. 8 10 . 16 542 . 5 34 . 

1739 . 145 9. 104 5 . 99 1. 

----6. 6 L ___ ·--~ ~ 
4 75. 4 4 5. 

3 
1077. 1119 . 

5 2 4~ ---~ST: -
80 9 . 752. 17 49 0 . 512. 

1532 . 14 2 1. 10 28. 1 033. 

.... _6_36 . __ _ 6 92 . _64 0 . ... 5 6 5 . 

4 
1 4 28. _ 6 92 . 18 

505 •. 2 1 9. 

755. 723 . 332. 327. 

12 2 0. 1897. 599 ·- 80 9. 
738. 962. 

. .. _372, ___ 468 . 
8 2 2 . ... - Tro--r.- 531. 305. 

5 94 0. 789 . 19 
273. 262. 

1585. 1405 . 558 . 785 . 

739. 70 9. 
_ _ _ :u9. ,3-2 , . 

578 . 10~ - 406. 331. 

6 76 2. 8 1 2 . 20 308 . 254 . 

1522. 1 004. 646. 721. 

502. 521. 363. 430. 

7 
1324. 1 351. 188. 1 1T:··· 

1168. 1 2 0 3. 21 72. 66. 

2129. 2 1 07 . 1 78 . 237. 

93 3 . 858 . _ 1 04 ·-· - 168. 

8 
. - --y9·u-5 . . - 12-s·2 : 4 11 . 135. 

1 35 0 . 1182 . 22 2 11. 182. 

2058. 276 1. 362. 642. 

988 . 11 62. 32 9 . 394. 
·· 1 r42·:· - B 7 9 :··· 145. 84. 

9 8 09. 7 21. 23 
80 . 73. 

1316. 15 44. 188. 2 6 l. 

686. 8 10 . 
__ lB_..,_ _ _ lO .L 

1861: ·· 17 31. 658. 172. 

10 1557. 1537 . 24 
311 . 351. 

2927 . 326 1. 
566. 992 . 

1695 . 1657 . 
491. ... .5.32.~-

11 
17% : 1247:-· 790. 384 . 

1 248 . 1089. 25 41 0 . 386. 

2155. 2551. 
859. 11 7 1. 

1239 . 1386 . !214. 556. 

rz-6 o-.----rnr···· 1898. 7?~:- · 

12 1074. 925. 26 122 6. 961. 

1766 . 1716. 
17 14. 2756. 

7 l O. 775. 
1164. 1491 . 

828. -ra-irn .·· 23 19 . _ 650 . 

13 1969. 2717 . 27 10 22. 97 1. 
5 1 96. 202 3. 151 7 . 2 96 1 . 
1503. 828. 1182 , 15H 

1135. 432. 
452. 3556 . . . 

14 11 26 . 1565. 28 
86 5. 965. 

1086. 1 987. 
4 318 . 1326. 11 78 . 950. 
l l Z 3, 52L 
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TABLE 3-48B. DAILY STATION PATRONAGE - GRT 1 

~TATIOM J2EMAHD 
STA. NO. 

STATION ~EMAHD STA. NO. ACCESS EGRESS ACCESS EGRESS 

1508. 1861. 
15 121. 49. 1034. 983 . 37. 54 . 

2319. 2253. 114 . 153. 1181 . 978 . 35. 59 . 
2 924. 1204. 

16 429. 404 . 845 . 740. 456 . 428. 
1607. 1355 . 812. 824. 625, 5Zl, 350 , 344. 

3 
1065. 1117 . 

17 367 . 568 . 803 . 749 . 424. 555. 1530 . 1407. 855 . 1171 . 636, 620. 545. 587 
4 1430 . 693 . 18 593 . 171. 755. 721. 357 . 258. 1223 . 1901. 767. 878. H2. 265 446 484. 817. 1114. 85. 260 . 5 938. 795 . 19 58. 132. 1592. 1394. 157 . 299. Z32 , ZDZ, 80. 215 . 618 . 1014. 

20 314 . 98. 6 757 . 812 . 203 . 146 . 1549 . 1067. 351. 506 . 524 56 !L 318. 324. 
7 

1318 . 1362 : 
21 140. 88. 1168 . 1208. 85. 79 . 2135 . 2096. 194 . 276. 

HQ1 859. 131. 109 . 
8 2042. 1413 . 22 636 . 169 . 1442 . 1297. 303 . 344. 2251. 2913 . 560 . 968 . 1054. 1234. Hi!L 512, I2s!. 1016 . 

23 761. 383. 9 919. 809 . 406. 384. 1475. 1707. 848 . 116 0. Z2~. 872 . 511. 553. 
10 

1853. 1738. 
24 1859 . 757. 1555 . 1538 . 1209 . 957. 2939 . 3253. 1707. 2705 . 1704. 1662 . 1163. 1487. 

11 1189 . 1246 . 
25 2308 . 651. 1246. 1089 . 10 21. 97 2. 2155 . 2544. 1520. 2951 . 1,4J. U86. lle5 . 15 6 9. 1133 . 1235. 26 1130. 4 33 . 12 1014. 8 62. 86 5 . 966 . 1630. 15..52 . 1089 . l 982 . 642 . 68 4 . 118 0 . 95 1. 805 . 3717. - - ···· 

357 . 13 192 5 . 2 62 0. 27 590. 
359. 26 2 . 50 3 0. 1949. 
651. 502. 1450. 800. 
367 362 

14 442. 3429. 
28 513 . 2 93. 1096. 1516. 248. 250 . 4207. 1286. 513 . 733 . __u_ 4-i_. __ !)J )7. 290. 417 . 
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TABLE 3-48C . DAILY STA TION PATRO NAGE - GRT 2 

STA. NO. 
STJ',TION DEMlltm 

STA. 
STAT:tON DEMAND 

ACCESS EGRl:SS NO. ACCESS EGRESS 

1456. 7 18. 
15 

662. 170. 
76 9 . 7 3,,. 308. 347. 

1249 . 1934. 567. 980. 
U,9 , 222 !!H I 2,!L 

2 1083. 1127 . 16 7 95. 387. 
8 17. 759. 413. 389. 

1543. 1430 . 866. 1177. 
641. 697. :HZ, !2~Q. 

101 2. 1284. 1166. 481. 
3 902 . 811. 17 918. 1011. 

1729 . 147 1 . 1178. 2084. 
6 5 7. 626. 1264. 1 022. 

1429. 1774. 2387. 672 . 
4 977 . 916 . 18 10 66 . 1 022 . 

2 195. 2129. 1602 . 3070. 
1146. 928. 1,2L lHQ. 

5 
1267 . 1346. 

19 
1 905. 7 77 . 

1081. 931. 1234. 970. 
1776. 1726 . 1729 . 2771. 

7 11 , 2Z2 I 11 Z!L l !iQ ~. 
867. 3907 . 1806. 125 3. 

6 2013. 2755 . 20 1255. l O 94 . 
5277. 2 0 94 . 2 1 6 6 . 2565 . 
15~ 5 8 62. 1,~2. p93. 

7 
45 4 . 3582 . 

21 18 70 . 73 1. 
1133. 1575. 1564. 1543. 
4348. 1335. 2934. 3274 . 
1181 , !iZ 2. l ZC!i, 16H, 

123 . 6 1. 1257. 101 5. 
8 37. 5 5. 22 923. 813. 

116. 1 5 6. 1478. 1718 . 
35 . !29, Z2!i , 876. 

486. 6 01. 2045. 1401. 
9 538 . 5 32. 23 1442. 1296 . 

1036. 977 . 2237. 2924 . 
473, !in I 1Q!:t2 , 1233 . 

10 
484. 552. 

24 
1301. 1333 . 

477 . 5 15. 1163 . 1189. 
1 04 0 . 1 006 . 2 1 00 . 2067. 

6 16 . 565. 2QtL a,~ I 

11 397 . 332. 
25 

583. 1011 . 
305. 255 . 768. 8 2 3 . 
62 0 . 721. 1532. 1 012. 
338. !:t~ l. 503. 528. 
193 . 113. 826. 1117. 

12 7 6. 69 . 26 949. 7 94. 
192. 252. 1596. 1413 . 
l Q6, 175 . H 3 . _ 715 ~ 

13 
411. 1 46. 

27 535. 2 9 1. 
2 11. 188. 273 . 2 43 . 
36 0 . 650. 558. 747. ~,~. 4 0 9 . 320. 38 0. 
146. 88. 553. 228 . 

14 85 . 80 . 28 346 . 3 3 ,,. 
194. 27 9. 592. 849. 
1:24, no. 379. 480. 

97 



The process for generating the demand model for this application is essentially 
the same four-step process described in the previous section. The survey tape is first 
screened and summary files are created. Then demand profile histograms are generated 
and used to select demand intervals. Finally, the demand matrices are generated and 
hourly factors are calculated. 

A demand profile showing the temporal variation in demand magnitude for total 
travel in the Detroit region is presented in Figure 3-17. The figure shows actual survey 
data in terms of the number of trips per quarter-hour for each quarter-hour during a 24-hour 
day. The 15-minute intervals beginning on the hour and the half-hour are ·again shown to 
be preferred trip initiation intervals. Figure 3-18 shows the demand profile for total 
travel after the survey data has been smoothed using the formula presented in Section 3.5.5. 
Figures3-19and 3-20 are smoothed demand profiles for CBD attraction and CBD production, 
respectively. The figures show that the morning peak period extends from 6:00a.m. to 
9:00 a . m. , and the afternoon peak period extends from about 3:00 p.m. to about 6:30 p.m . 
The figures also show the importance of the CBD as a trip attraction in terms of demand 
magni tude even though the Detroit area is cl~ssified as a low CBD orientation application . 

The temporal demon~ distribution for the Low CBD Orientation, High Reverse Commut­
ation Metropolitan Area Application is illustrated in Figure 3-21. As in the previous case, 
the intervals over which the peak period matrices apply were extended so that the change 
from one matrix to another occurs during a period when the demand magnitude is not changing 
significantly . The four spatial demand matrices apply to the following periods: 

• Morning peak period 
• Midday period 
• Afternoon peak period 
• Evening period 

5:00 a.m. to 10:00 a.m. 
10:00 a.m. to 2:00 p.m. 
2:00 p.m. to 7:00 p.m. 
7:00 p.m. to 5:00 a.m . 

The magnitude of demand is changed each hour by scaling the appropriate spatial demand 
matrix. The scaling factors are shown as percentage figures for each hour of any one 
time interval. These values are listed above each hour in Figure 3- 21. 

The service area for the Low CBD Orientation, High Reverse Commutation Appli­
cation is, in general, limited to an area extending about two miles beyond the outermost 
stations of the AGT networks. The networks to be considered in this application are 
illustrated in Figures 4-17 and 4-20. Table 3-49 defines the service area explicitly in 
terms of districts in the Detroit metropolitan area. Districts are oggregati ons of traffic 
analysis zones defined by the Southeastern Michigan Council d Governments. The 
service area, bounded by the Detroit River and Lake St. Clair and the city of Dearborn, 
includes the cities of Highland Park and Hamtramck, and borders on Conner Road. 

The four spatial demand matrices representing trips within the service area were 
generated based on survey data. While this provided an adequate temporal and spatial 
distribution for use through the program, the overall magnitude of the demand in this 
a rea was reduced to three-quarters in order to approximate realistic volumes which can 
be accommodated using the Discrete Event Simulation Model. 
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In this application area, the following assumptions were used to generate the 
inter-station travel times using the DESM, and then to map the zonal demand for each 
time period onto each of the two networks pictured in Figures 4- 17 (GRT 3) and 4-20 
(PRT 2): 

GRT 3 PRT 2 

• !=eeder Velocity 
To Station (km/h) 10.8 10.8 
Direct (km/h) 13.8 13.8 

• AGT Velocity (km/h) 54.0 54.0 

• Init ial Wait Time (min.) 3 3 

• AGT Service Routes Demand Demand 
responsive responsive 

Of the total daily travel demand assumed in this application area, 28 percent (205,827) 
was found to be serviceable by the GRT 3 network, while the PRT 2 network could service 
31 percent (222,470). The station-to-station demand matrices are stored in the following 
members of the AGT.IANDD.DEMAND file: 

GRT 3 PRT 2 
Network Network 

A.M. Peak Period EGRT3A EPRT2A 
Mid-Day Period EGRT3M EPRT2M 
P .M. Peak Period EGRT3P EPRT2P 
Evening Period EGRT3E EPRT2E 

The total demand accessing and egressing each station for these two networks is 
presented in Tables 3-49A and 3-49B. Four values are shown for each station, representing 
the demand during each of the four time periods of the day. Station numbers refer to the 
numbering on the networks pictured in Figures 4-17 and 4-20. 
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TABLE 3-49. DISTRICTS COMPRISING THE SERVICE AREA FOR THE LOW CBD 
ORIENTATION HIGH REVERSE COMMUTATION APPLICATION 
AREA 

Districts: 

001-019 
021-026 
029-032 
034-035 
062-064 
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TABLE 3-49A. DAILY STATION PATRONAGE - GRT 3 

STA.NO. 
STATIOtf DEMAND ~TAIIQH DE.ttAlrn ~IATIQH DEMAtfD 
ACCESS EGRESS STA. NO. ACCESS EGRESS STA. NO. ACCESS EGRESS 

5441. 2 433 . 
14 

599. 1139. 1246. 794. 
4578. 3249. 742 . 930 . 27 971. 621. 
6450 . 8808 . 1250. 1262. 1706. 2023. 
3764. 4873 . 488. 561. 866 . 1239 . 

2 10 93 . 954. 15 
2832 . 1198. 

28 
976 . 1006 . 

1255. 953 . 1444 . 1415. 597 . 684 . 
2139. 1923 . 2447. 4476. 1674 . 1698. 

973. 1076 . l,U!t, 2!22J, 97!l, 671. 
527. 638. 1418. 748. 689. 798. 

3 1069 . 1117. 16 833. 900. 29 637. 715 . 
177 5 . · 1571. 1888. 1929. 157 9. 2062 . 
.864 . 287. 1100. 1124. 1g~g. HZ, 
378. 662 . 326. 52L 115. 481. 

4 897. 682 . 17 242. 417. 30 258. 322. 
1221 . 1000 . 901. 634. 720. 453 . 

67~. !24 Q' J6J. 4U , 1 !lQ I 155 . 
6 5 9 . 742. 184 . 261. 215. 272. 

5 858. 649. 18 206. 345. 31 184. 323 . 
1574 . 1023 . 399. 628 . 206. 446 . 

960. 840. JU. 2n. -· 71. 115. 
73 0. 1583 . 502. 1127 . 494 . 225. 

6 1461 . 1392 . 19 583. 644 . 32 682. 690. 
3265 . 1586 . 1725. 1610 . 647 . 948 . 
1494 . 469 . HA, UA, .5.56, HO. 

7 177 . 169 . 20 
1097. 1683 . 

33 
560. 389. 

277. 114. 1007. 882 . 574. 651. 
529 . 235. 2195. 2278. 766 . 795 . 
277. fu ., IZH: HA, . . ~u. 309 . 
2-24. 779 . 5158 . 2128. 414 . 2949 . 

8 393. 327. 21 3135. 2497. 34 2167. 3680. 
1133. 735. 5146 . 7724. 6565 . 3315 . 

465. 262. 2875 . 3904. . 1947. 634 . 

9 
101. 12. 

22 
8ia . 561. 346 . 1354 . 

52 . 2 4. 703 . 565. 35 657. 1033. 
76. 14 . 1219. 1637. 1241 . 1006. 

0 . 0. 689. 1004, -~-n. 3U_,_ 
- 86. 222. - 1131. 729 . 322 . 245. 

10 180 . 331. 23 928. 699. 36 235. 309 . 
251. 319 . 1417 . 1858. 531. 478. 

90. 97. AZJ. A!t2, 236. 287. 
231. 1383. 2163 . 1680. 161. 151. 

11 546. 1257. 24 1407. 1008 . 37 241. 225 . 
1787 . 1101 . 3339 . 2244. 379. 345. 
871. 760. 143!. 1p1 I m. Z24 . 

66. 240. 14. 89 . 87. 358. 
12 263. 416 . 25 159. 526. 38 190. 222. 

66 0 . 363 . 161. 1261 . 358. 347. 
115. 38 . Al, ~u. 164. 184 . 

13 
0. 108. 37. 183. 187. 226 ~--

258 . 98. 26 77 . 128. 39 177. 137. 
399. 140. 109 . 19 . 359. 315. 

26 . 29. 19 . 60. 2l<t. 147. 
212. 626. 

40 352 . 295. 
1030. 544. 
266. 205 . 
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TABLE 3-49B. DAILY STATION PATRONAGE - PRT 2 

STATION DEMAND STATION DEMAND 
STA. 

STATION DEM.II.HD 
STA. NO. ACCESS EGRESS STA. NO. ACCESS EGRESS NO. ACCESS EGRESS 

402. 524. 531. 252. 263. 68. 
1 637. 598. 14 313. 102. 27 344. 310. 

983. 940. 786. 224. 411. 419 . 
684. 632. 457. 74 . 180. 190. 
271. 430. 511. 1485. 

28 
924. 251. 

~ 791. 606. 15 1408. 2224. 7 0 l. 482. 
927. 757. 4007. 2428. 1289. 671. 
562 . 391. 1105. 245 . 635. 280. 
302. 0. 174. 129. 239 . 175. 

3 515. 0. 16 145. 209. 29 298. 266. 
1110. 0. 385. 138. 372 . 646. 

335 . 0. 60. 53. 189 . 271. 
176. 786. 39. 166. 730. 192. 

4 418. 1062. 17 113. 47 . 30 434 . 275 . 
883. 1614. 374. 146. 799. 800. 
517. 660. 52. 104 . 323. 303. 
418 . 278. 7 3. 188. 13 7. 1197. 

5 422. 275. 18 140 . 216. 31 446. 978. 
803. 542 . 131. 297. 873 . . 7 56 . 
445. 162. 252. 145 . 315. 465. 

. 987. 897. 
19 

1186. 1118 . 32 
119. 407. 

6 1009. 1347. 851. 788. 238. 444 . 
1477. 2752. 16 97. 2595. 342 . 610. 

Z8l. 1718. .J..!!43, 1275. 139. 181. 
1320. 1398. 218. 213. 58. 118. 

7 1049 . 886 . 20 318. 232. 33 42. 176. 
2444. 234 9. 798. 186 . 65. 159 . 
1582. 743. 264. 94. 0. 53 . 

29. 24. 75 . 336. 87. 28. 
64. 14. 136. 153. 

34 
134. 11. 

8 100. 36. 21 287 . 276. 210. 11. 
22 , 22. 142, 283 . 75. 0. 
90. ·2 37 ·; - l 05 . 711 ~ 113 . 0. 

9 305. 73. 22 
236. 331. 

35 
287. 0 . 

744. 177 . 231. 815. 695 . 0. 
,a6. 62. 180. 237. 215. 0. 

0 . 164. 151. 691. 123. 833. 

10 0. 96. 23 194. 330. 36 266. 642. 
0 . 195. 330. 423. 899 . 1652. 
o_ ... __ _l .6 L. .. . l !2 l . 242. 787. 811. 

128. 40 . 1322 . 555. 183. 404 . 

11 218. 21. 24 899. 478 . 37 2 05. 182. 
376. 93 . 1517. 1925. 381. 402. ~,!;i . 75. Z26 aoi. l Z7. 74 . 

6 9. 242. 4266. 14 5 0 . 54. l 024. 

12 45. 166 . 25 25 74. 20 5 7. 38 473 . 510. 
251. 432. 4071. 6210. 890. 582. 

23 , 183 . 2336. 3330. 3 13. 4 5 9. 
247. 248. . 0. 9. 542. 1003 . 

13 196. 267. 26 
0. 17. 39 1500 . 1052 . 

244. 415 . 0 . 0. 4165. 900 . 
96. 116. 0. 0 . 1777 . 389. 
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TABLE 3-49B. DAILY ST A TION PATRONAGE - PRT 2 (cont.) 

STATION DEMAND STATION DEMAND 
STA. NO. STATION DEMAND 

STA. NO: .ACCESS EGRESS STA. NO. ACCESS EGRESS ACCESS EGRESS 

112. 42 . 1927. 734 . 
66 

1504 . 695. 
40 120. 13. 53 1500 . 695 . 12 69 . 1173 . 

376. 0 . 2435 . 1552. 1910 . 2084 . 
156. 0 . 1051. 1025. 1098 . 1871. 

41 38. 0 . 
54 

45. 263. 67 54. 267 : 
74. 0. 24. 252. 175. 214. 

116. 0. 140 . 590. 263 . 248. 
20. 0. 92 . 321. 4~. 80. 

2436. 1061 , 4 7 . 0. 5990. 2240 . 
42 1429. 883. 55 33. 0 . 68 4532 . 2939 . 

3235. 2070 . 14 . 56. 6689 . 889l. 
1339. 890. 56. lZ, H95 . 4 711 . 

658 . 462. 10. 35. 315. 3095 . 
43 697. 476. 56 55 . 326. 69 1658. 3895 . 

960. 797. 52. 544. 4320. 3483. 
471. 438. ~2 301. 1338. 966. 
880. 407. 159 . 130 . 

70 
65 . 211. 

44 514 . 397. 57 169 . 120. 128. 162. 
933. 1505. 267. 199 . 299. 468. 
2:!~ I 713. 217 . 191. 135. 1 43 . 

45 6 71. 1031. 58 66. 200 . 71 224. 57 2. 
377. 937. 80 . 74. 462 . 361. 
591. 2962. 351. 155. 1273 . 370. 
565. 1671. 76 . 25, ,1~. 236 . 
408. 634. - --65. 175. 141. 11. 

46 213 . 820. 59 9. 50. 72 94. 22. 
575. 2011. 40 . 122. 360 . 31. 
192. 961. 64. ,a. - 50 . 11. 

44. 221. 153. 464. 66. 99 . 
107. 245. 306. 322. 

73 95 . 59. 
47 171. 359 . 60 746. 490. 270. 103. 

130. 129 . 432. 240, 159. 120 . 
0. 24 . 107. 250 . 0. 187. 

48 0 . 47. 61 173. 260. 74 0. 87. 
0. 42. 267 . 303. 0. 74. 
0 . 35. :t!L 105. 0 . 46 . 

433. 416. 218 . 359. 

49 387. 185. 62 575. 366 . 
895. 378 . 587. 305. 
279. 118 . 389. 75. 

0. 0. 7 I. 991. 
0. 0 . 287. 663. 

50 0 . 0 . 63 414 . 987. 
0. 0. 227. 417 . 

11. 0 . 402. 403 . 
12 . 0. 424. 446 . 

51 22. 0. 64 427 . 474. 
44. 0. 153 . 348. 

110 . 97. 229. 219. 

52 163. 166. 65 331. 259 . 
286. 324. 290 . 369. 
213. 225. 291. 201. 
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3.5.7 High CBD Orientation, Low Reverse Commutation Metropolitan Area Demand 

The demand model for this application area is based on a 1968 home-interview 
survey of travel behavior in the metropolitan Washington D.C. area. The survey tape 
was obtained from the Metropolitan Washington Council of Governments and contains 
149,905 records which define travel among the region's 1,207 traffic analysis zones. 

The demand model generation process for this application is essentially the 
same four-step process described in Section 3.5.5. Survey records are screened and 
survey summary fi I es are created. Then demand profiles are generated and used to select 
demand intervals. Finally, the demand matrices are generated and hourly factors are 
calculated. 

Figure 3-22 shows the temporal variation in demand magnitude for total travel 
in the Washington D.C. area. Figure 3-23 shows the demand profile for total travel 
after the survey data has been smoothed using the fonnula presented in Section 3.5.5. 
Figures 3-24 and 3-i5 are smoothed demand profiles for D.C. core attraction and D.C. 
core production, respectively. The figures show that the morning peak period extends 
from 6:00 a.m. to 9:00 a.m. The afternoon peak period extends from about 3:00 p.m. 
to about 6:30 p.m. for total travel, but it is shorter (4:00 p.m. to 6:00 p.m.) for 
D .C. core production. 

The form of the temporal demand for the High CBD Orientation, Low Reverse 
Commutation Metropolitan Area Application is illustrated in Figure 3-26. The four 
spatial demand matrices apply to the following periods: 

• Morning peak period 
• Midday period 
• Afternoon peak period 
• Evening period 

5:00 a .m. to 10:00 a .m. 
10:00 a.m. to 2:00 p.m. 
2:00 p.m. to 7:00 p .m. 
7:00 p.m. to 5:00 a.m. 

The magnitude of demand is changed each hour by scaling the appropriate spatial demand 
matrix. These scaling factors are listed over each hour in Figure 3-26, and are repre­
sentative of the percentage of trips in each hour of any given time period. 
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The service area for the High CBD Orientation, Low Reverse Commutation Application 
was defined by applying the same criterion as was applied in the previous two cases. The 
service area extends approximately two miles beyond the network coverage. The networks 
to be considered in this application ore illustrated in Figures 4-11 and 4-18. Tobie 3-50 
defines the service area in tenns of zones in the metropolitan Washington D.C. area o The 
service area is basically enclosed by the borders of the Capital District and Alexandria, 
Virginia. 

In this application area, the following assumptions were used to generate the inter­
station travel times using the DESM, and then to map the zonal demands for each time 
period onto each of the two networks pictured in Figures 4-11 (ART 2) and 4-18 (GRT 4): 

• Feeder Velocity: 
To Station (km/h) 
Direct (km/h) 

• AGT Velocity (km/h) 

• Initial Wait Time (min) 

• AG T Service Routes 
(round trip between 
stations as numbered 
in Fig. 4-11; stopping 
at all intennediates) 

ART 2 

10.8 
13.8 

64.0 

3 

1-15 
41-48 
14-43 
27-43 
14-16 

GRT4 

10.8 
13.8 

54.0 

3 

Demand 
responsive 

0 f the total daily travel demand assumed in this application area, 35 percent of it (623,146) 
was found serviceable by the ART 2 network, while the GRT 4 network employing the down­
town bypass cou Id service 36 percent (657, 447). The station-to-station demand matrices 
are stored in the following members of the AGT.IANDD.DEMAND file: 

ART 2 GRT 4 
Network Network 

A.M. Peak Pe riod EART2A EGRT4A 
Midday period EART2M EGRT4M 
P .M. Peak Period EART2P EGRT4P 
Evening Period EART2E EGRT4E 

For these two networks, the total demand accessing and egressing each station is presented 
in Tables 3-50A and 3-50B. Four values are shown for each station, representing the 
demand during each of the four time periods of the day. Station numbers refer to the 
numbering on the networks pictured in Figures 4-11 and 4-18. 
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TABLE 3-50. ZONES COMPRISING THE SERVICE AREA FOR THE HIGH CBD ORIE NTATION, 
LOW REVERSE COMMUTATION APPLICATION AREA 

Sequential Zone Numbers 

1-412 
418-419 
421 
431 
435 
438-442 
448-451 
454-455 
462-466 
469 
474-475 
496-497 
505-509 
518-522 
528 
530-533 
536-543 
555 
557 
564 
574-576 
586 
591-598 
601 
607 
615 
708 
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TABLE 3-50A. DAILY STATION PATRONAGE - ART 2 

STA. NO. 
STATION DEMAND 

STA. NO. STATION DEMAND 
ACCESS EGRESS ACCESS EGRESS 

2841. 2084. 14 9612. 2062. 
2261. 2285. 2713. 2003. 
3858. 4882. 4479. 10274. 
2981. 2142. 2988 4468 
2766 . 2434. 6865 . 3345. 

2 2954. 2430. 15 1823 . 1770. 
4618. 5486. 4742. 8254. 
2371. 2369. 3538, 3650, 
4608. 2464. 7220. 1524. 
2586. 2131. 

16 1852. 1641. 
3 4422 . 6649. 2648. 8456. 

2144. 2784. 2807. 3341. 
3692. 1343. 9208. 1673. 

4 1676 . 1091 . 17 1894. 1574. 
2482. 4355 . 3716. 10189. 

924. 1845. 3023 3832 
7402. 2648. 3471. 2224. 

5 3232. 3158. 18 1179. 1085 . 
4796. 8846. 3298. 4318. 
~~71. 4~12- 2198. 2400. 
4918. 5210. 2824. 2906. 

6 3693 . 3680. 19 951. 917 . 
8837. 7228. 4132. 3950. 
4748 . 5352. 2360. 2486. 
848. 13204 . 761. 6858. 

2798. 3760. 
,. 

951. 996. 7 14348. 3011. 20 7057. 1944. 
3902. 2051. ~2~6, lOZ3, 

915. 12582. 195. 6324. 
8 3842. 5780. 21 621. 1060 . 

15547. 4345. 6282 . 849. 
44~~- Zl61, 819, 489. 
1108. 8522. 1913 . 5787. 

9 3515. 3918. 22 1226 . 1544. 
12068 . 3813. 6004. 28 16. 

2993. 1722. 2136. 16!21 I 442. 2918 . 2 655. 3238. 
10 948. 1254 . 23 1965 . 1659. 

3937. 969. 4018. 3870. 
8~4. ,zs. 2734, 2610, 

4 341. 7022. 
24 2401. 3601. 11 2601. 2236. 1448. 1544. 

7831. 6607 . 3 7 93. 3024. 
4377. 2891. 2216. 2149. 

12 3507. 2945. 25 5486. 2011. 
1685. 1560. 1 547 . 1220. 
4210. 4407. 3583 . 7279. 
2225 . 2224 . 2686. 2887. 
5487 . 2685. 6892. 262 0. 

13 2272. 2004 . 26 l 9 6<'.i. 1685. 
li587. 6860. 3685. 80 l<'.i. 
2698. 3579. 2546. 3226. 
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TABLE 3-50A. DAILY STATION PATRONAGE - ART 2 (cont.) 

STA. NO. 
STATIOH DEMAND 

STA. NO. 
STATION DEMAND 

ACCESS EGRESS ACCESS EGRESS 

27 
4795 . 740. 40 

7 15. 1463 . 
1435 . 1215. 1411 . 18 76 . 
2168 . 5664 . 2 2 20 . 177 0 . 
1593 . 2674 . 10 13 . 77 5. 
5815 . 983. 8 4 4 . 541. 

28 104 7 . 1141. 41 627. 46 0 . 
2170. 6314. 724 . 984 . 
2001. 2313. 325 597. 
2218. 2811. 36 6 7 . 91 8. 

29 
1 2 13. 1028 . 42 

774 . 789. 
3485. 3256 . 1416. 34 12. 
19P. 16 90. 912 , 1318 . 
30 0 9 . 6 28'. 487 1 . 2 032 . 

30 92 5 . 859. 43 2 7 05 . 213 9. 
1474 . 357 0 . 392 0 . 68 07. 

ZQ~. 11 10 . 2a12, 325 4. 
2413 . 1 5 08 . 1 2 13. 294 3 

948. 1132 . !607 . 1647 

31 2087 . 2764. 44 101. 277, 
14a4 . 1~ao. 2586, 14 9 
840. 3073 . 600 . 655. 

32 
585 . 791. 567 . 446 . 

3502. 146 1 . 45 1247 . 859. 
945 . 7 16 . 15 3 , 64 1. 
948 . 1405. 1104 0. 2 309 . 

33 
2 91. 296. 46 

2 7 3 1. 248 0 . 
1734 . 95 6 . 4040 . 12168. 

37 0 . 4 04. 360 2, 5267. 
54 . 2502 . 1321 . 7280. 

34 466 . 985 . 47 14 58. 14 38 . 
3322. 480 . 7 956. 2 169. 

593 . 313. 16 05. 922. 
12 o. 3 977 . 26 6 9. 1806 . 

35 56 5 . 64 0 . 48 1082 . 334 2 . 
3868. 284 . 138 5 . 8531 . 

271. 3 01. 923. 3547 . 
923 . 408 7 . 669 7 . 1949. 

36 1331. 1468 . 49 4 261. 3976 . 
4364. 160 7 . 662 5 . 1 0186 . 
1680. 1256 . ~Hl. ~262, 
10 5 3 . 7483 . 34 1 9 . 1885. 

37 2174 . 1885 . 50 36 4 5 . 26 01. 
851 0 . 178 7. 5315 . 538 9 . 
16 36 . 201. 323~. 22 23, 

38 214 6 . 34 97. 51 
25 92 . 1071 . 

1473 . 1859 . 25 48 . 2038. 
5 064 . 277 3. 2817 . 4678 . 
2sas. 2~22, 22 10 . 1 9 50 , 

39 4 056 . 31 5 5. 52 22 90. 1774 . 
197 5 . 1813. 2647. 235 9 . 
4244 . 5918 . 4022. 3505 . 
27 56. 230 7 . 2352. 221 0. 
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TABLE 3-50B. DAILY STATION PATRONAGE - GRT 4 

STA. 
STATION DEMAND STATION DEMAND 

NO. ACCESS EGRESS STA. NO. ACCESS EGRESS 

3306. 2346. 9336. 2339. 
2638. 2409. 14 2685. 2080. 
4189 . 5374 . 4535. 10467. 
~H4 . S:~40. Z24Z. 4508. 
3471. 2580. 6614. 3591. 

2 3354. 2623. 15 1841. 1873. 
4858. 6373. 5166 . 8096. 
Z858. 2837. ~6!13 I 3753. 
3729. 2433. 10261. 1815. 

3 
2014. 1910. 2252. 1932. 
4310. 5773. 16 3393. 11743. 
1692 . 2360. 3350. 4046. 
3790 . 1430. 7010. 1499. 
1721. 1165. 1705. 1280. 

4 2553. 4448. 17 33 00. 7982. 
21 !L H~H. 2652. 3396 . 

6500. 2572. 3723. 1916. 
3083. 3128. 1304. 1086. 
4576. 8351. 3022. 4615. 

5 ~6~1. !!CH I 18 2178. 2492. 
5459. 5923. 3718. 3317. 
3734. 3979. 1241 . 1130. 
9679. 7814. 4865. 4922. 

6 ~216 I 5557. 19 277 0. 2901 . 
661. 8888. 222. 3300. 

2380. 2739 . 592. 729 . 
13144. 2352. 3806 . 1060 . 

~~25. 14Z2 . B,~ . 519. 
7 992 . 11592 . 20 262. 5892 . 

3489. 5873. 802. 1181. 
14051. 4260. 6538. 1060 . 

449Z I 279Z. 110 3. 297. 

8 404. 4037 . 21 
2334. 3833. 

2335. 2597. 1436 . 1625. 
6222. 2238. 4946. 2711. 
1396. 431. z1a.2. 1625 . 

368. 2540. 2804. 3646. 
9 1206. 1435 . 22 1965. 1733. 

3275. 1246 . 4398. 4444. 
6~2. 286. ,H~. i321 . 

3548. 9507 . 3404 . 3393. 

10 
27 14. 2354. 

23 
1916. 1 946. 

9837. 6151 . 4319. 3800. 
4292. 3052. ,6 01, 28~ o. 
3823. 3812. 7058. 2096. 
2068. 1755. 1880. 14 20 . 

11 5064 . 4907 . 24 4042. 8549. 
2681, 2589. 221Z, 3457. 
5789. 2933. 8405. 2497. 
246 1 . 2067 . 2232. 1766. 

13 
5112. 7207 . 3879. 9399. 
2886. 3951. 25 2843. 3340, 
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TABLE 3-50B. DAILY STATION PATRONAGE - GRT 4 (cont.} 

STATION DEMAND 
STA. NO. 

STATION DEMl\ND 
STA. NO. ACCESS EGRESS ACCESS EGRESS 

5292 . 947. 
40 

669. 2065. 
27 1635. 1267 . 1925 . 2814 . 

2413. 6065. 3870. 1952 . 
1761. 2980. 1560 . 1148 . 
6862. 1001 . 908 . 606 . 

28 1176 . 1267 . 41 652. 522 . 
2205. 7531 . 878 . 1169 . 
2195. 2578. 351. ~~4. 
3112. 2992. 3400. 965. 
1407. 1353. 

42 
772 . 952 . 

29 4179. 4248. 1459. 3135 . 
22H, 2230. lDZZ, l~2lL 
3702 . 777. 5311. 2111. 
1045. 1102. 3223 . 2329. 

30 1821 . 4408. 43 4265 . 7 460. 
212, l~Z~, 3H2- 3610 . 

2811 . 1728 . 1017 . 3084 . 

31 1028. 1254 . 44 1614. 1700. 
2428. 3054 . 4237. 2639. a,1. 1773 . ,~~9. 1499. 
1004. 5031. 614. 731. 

693 . 1480. 644. 518. 
32 5720. 2093. 45 1422 . 960 . 

13U, 102~. 799. H~L 
860 . 2530. 10286. 2163 . 
412 . 379 . 2497. 196 5 . 

33 2604. 921. 46 3863. 11071. 
ZH, ~~2 I 32a~ . 4~93 . 
154. 5344 . 988 . 7293. 
607. 1036. 1148 . 1057. 

34 5746. 784. 47 7614 . 176 7 . 
82~. 487. 1422, ~98, 
129 . 5057 . 2795. 1883. 

35 779. 893 . 48 1107 . 3714. 
5016 . 409 . 1402 . 9167. 
!!H. 413 . 23Z. 323~. 
934 . 10130 . 8933 . 2272. 

36 2636. 2460. 49 5037 . 4517 . 
11462 . 2547. 7209 . 13083. 

~499. 1856. ~881. 6150. 
845. 9529 . 4164. 22 04. 

37 21 42. 1931. 
50 3163. 3247. 

8161 . 2069 . 5761. 5999. 
1616, 1142 . 3123, 2863. 
2185 . 6120 . 2019 . 988 . 
1707 . 2426 . 3057 . 1819. 

38 6513. 3008. 51 3018. 4049. .. 26~Q. 2Z5l, 23512, 2174 . 
3371. 3161. 2 934. 2052. 
1781. 15 18 . 2866 . 2 472 . 

39 
4378. 5007. 

52 
3601. 4385 . 

2500. 2199. 2436. 2210. 
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4.0 NETWORK CO NF I GURA TION 

In the Classification and Definition of AGT Systems report; 
2 

several AGT system 
characteristics were considered,and ten representative AGT systems were identified and 
quantified for further analysis. In the preceding chapter of this report, travel demand 
environments were considered and seven specific demand types were chosen as deployment 
environments for this study. This section documents the development and selection of 
19 AGT deployments. For each of the 19 deployments, the following are identified: 

1. The specific demand environment as identified in Section 3.0 
12 

2. The specific system type as defined in the Classification and Definition report 
3. A network tailored to the specific demand within the constraints of a given 

network class as discussed in this chapter. 

Section 4.1 provides working definitions of network types based upon operational 
characteristics. Also given are definitions of AGT system deployments which are broader 
in scope in that they include imp I ications of system operational constraints in addition 
to the obvious constraints imposed by network geometry. In Section 4.2, the specific 
combinations of system type, network type, and demand environment initially identified for 
analysis in the SOS Program are defined along with the rationale for their selection. Sec­
tion 4.3 presents the rationale used to specify a network configuration for each system de­
ployment, presents the final networks, and presents a network flow analysis of the eleven 
SLT deployments. Finally, a summary of the network configurations and analyses is presented. 

4.1 DEFINITIONS 

4. 1. 1 Network Types 

Each operationally distinct portion of a network may be classified into one of 
three basic simple network types: 

1. Shuttle-A guideway on which bidirectional motion occurs during normal 
operation and which is defined by a single curve connecting two distinct 
end points. 

2. Loop-A guideway on which motion is unidirectional during normal operation 
except possibly on short segments at stations or at ends of runs, and which 
is defined by a closed path. 

3o Grid-Any guideway on which vehicles are presented with a choice of paths 
during normal operation. 
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Thus, it is seen that only one vehicle may operate on a simple shuttle network and 
no headway or merge control is requ ired. More than one vehicle may operate on a simple 
loop or a simple grid at the same time; however, headway control is required to prevent 
collisions and, in the case of a simple grid, some form of merge control must be used. 

For the purpose of this study, subcategorizing these network types is useful in 
defining detailed network configurations. The following standard definitions and 
abbreviations have been adopted: 

l • 

2. 

3. 

4. 

5. 

6. 

7. 

Shutt le (S) refers to a simple shuttle as defined above and also to any network 
consisting of two or more simple shuttles, either following the same path or 
different paths. If passing sections are added to a shuttle# the network 
becomes a grid since vehicles are presented a choice of paths. Headway 
and merge control are required to safely utilize such passing sections. 

Loot (L) is used to refer only to a single simple loop, as defined above, which 
is e ongated to the extent that it encircles no area and thus provides a 
l ine-haul type of service. 

One-Way loop (Ll) is used to refer to a single simple loop which does 
encircle an area and provides a one-directional circulation service. 

Two-Way Loop (L2) is used to refer to two simple loops contiguously deployed 
which do encircle an area. Circulation service in two directions is thus 
accommodated. 

Mul tiple Loop (ML) is used to refer to any network consisting of two or more 
simple loops which does not qualify as a two-way loop network. 

Fully Connected Grid (FG) is used to refer to a simple grid as defined above 
if no network constraint prevents a vehicle currently at one station from 
proceeding to any other station in the network in a manner which does not 
require the vehicle to retrace any one- or two-directional portion of guideway. 

Partial!~ Connected Grid (PG) is used to refer to any simple grid which is 
not a fu ly connected grid. 

Th is classification is applied to networks before the question of off- or on-line 
stations is considered. Usually a non-grid network (not considering stations) has on-line 
stations. However, in the deployments which follow, one non-grid network (GRT 4 as 
defined in Table 4-2) has a station type specified as open, to be determined only after 
link loads are investigated. In this case , should off- line stations be required, the net­
work should be reclassified as either a fully connected grid or a partially connected grid 
network. 
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4.1.2 Deployment Types 

Five deployment types are defined for the representative systems: SLT, GRT, 
ART, DMT, and PRT. The latter three deployment types are defined by system type, as 
detailed in the Classification and Definition report;12 while the SL T and GRT deployment 
sy$tems are defined by not only system type but also by network type • 

An SLT deoloyment is a low speed GRT system (as defined in the Classification and 
Definition report12) deployed in an activity center demand environment having any non-grid 
type network with on-line stations. Only shuttle or loop networks are employed for this 
deployment; thus, no operational switching occurs,but passengers may be required to 
transfer. 

The GRT deployment is a low- or high-speed GRT system deployed in either an 
activity center or a metropolitan area demand environment. The network type can be 
either a grid network (partially or fully connected) or an SLT network. Therefore, the 
GRT deployment has extensive operational switching capabilities. 

In the following section all of the deployments identified for future analysis are 
classified into one of the five deployment types. 

4.2 SYSTEM-NElWORK DEPLOYMENTS 

A specific set of representative system deployments are used for system trade-off 
and comparative analyses. Each deployment consists of a specific system, a specific demand, 
and a specific network type. Ten system, seven demand, and seven network types have 
previously been defined. In theory there are 490 possible deployments. The following 
criteria were used to select and limit the number of deployments for study. 

4.2. l Rationale for Selection 

The fol lowing points are considered in the selection of system-network deployments: 

1. Budget constraints require that a realistic number of deployments be studied. 

2. Computational constraints require that the number of distinct large-sca le 
networks deployed in a metropolitan area demand environment be limited. The 
same or a similar network should be used for different systems in the same 
demand whenever possible. 

3. Only low-speed systems wil I be deployed in activity centers. 

4. Only high-speed systems will be deployed in metropolitan areas. 
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5o Because of high peaking effects in university and airport demand environments, 
small capacity vehicles wil I be de-emphasized. 

6. More activity center deployments will be made than metropolitan area deploy­
ments because activity center systems will be deployed in a shorter time frame, 
and thus are of more immediate concern. 

7. High-speed SGRT system deployments will be de-emphasized because UMTA's 
AGRT program is currently funding simulations of this system type. 

So Only the two PRT deployments specified in the RFP will be studied because 
their high technology requirements are still not completely resolved. 

9. The RFP requires that ten SLT systems and six corridor or area-wide line-haul 
systems be included for analysis. 

10. The deployments will allow several trade-offs of vehicle size for fixed-demand 
and network types. 

11 o The deployments wi 11 al low several trade-offs of network type for fixed-demand 
and system types. 

4.2 .2 Deployments 

Table 4-1 defines the 19 representative system deployments under study in the SOS 
program. Summary definitions of these 19 deployments and their identifying names are 
given in Table 4-2. This selection meets all of the rationale for selection as detailed 
above. Although ten metropolitan area deployments are indicated, only seven distinct 
networks are defined in the following section, and even then only four distinct sets of 
station locations are used. There are eleven SLT systems since al I activity center deploy­
ments except the PRT 1 deployment qualify as SLT systems. System deployment pairs 
which differ only as to the system type are deployments SLT5 and SLT6, and SLT9 and 
SLT 10. System deployment pairs which differ only as to the network class but maintain 
a fixed network location, as is seen in the following section, are deployments SLT3 and 
SLT4, and GRTl and GRT2. Two PRT systems are deployed, one in a CBD demand using 
a fine grid network and the other in a metropolitan area having disperse travel demands 
using a medium-density grid network. 

124 



tv 
0, 

TABLE 4-1. REPRESENTATIVE SYSTEM DEPLOYMENTS 

SYSTEM ACTIVllY 
TYPES CENTER 

LINE-HAUL 

SGRT 

SLT IGRT 

LGRT s 

ART 

SGRT 
GRT 

IGRT 

PRT 

S - SHUTTLE 
L1 - OPEN LOOP ONE WAY 
11 - OPEN LOOP TWO WAY 
Ml - MULTIPLE LOOPS 

ACTIVllY 
CENTER 

:CIRCULATION 

ML 

PG - PARTIALLY CONNECTED GRID 
FG - FULLY CONNECTED GRID 

DEPLOYMENT SCENARIO 

LOW SPEED HIGH SPEED 

CBD CIRCULATION CBD LINE HAUL METRO AREA METRO AREA 
LOW MEDIUM HIGH LOW HIGH HIGH CBD LOW CBD 

DEMAND DEMAND DEMAND DEMAND DEMAND HIGH REVERSE HIGH REVERSE 

L1 

s L1, 11 L1 

L1 ML, L1 Ll 

PG 

ML, FG FG 

FG FG 

METRO AREA 
HIGH CBD 
LOW REVERSE 

PG 

FG 



tv 
0-

Deployment 
Descriptor 

SLT-1 
SLT-2 
SlT-3 
SLT-4 
SLT-5 
SLT-6 
SlT-7 
SLT-8 
SlT-9 
SlT-10 
SlT-11 
ART-1 
ART-2 
GRT-1 

GRT-2 
GRT-3 
GRT-4 
PRT-1 
PRT-2 

TABLE 4-2. SUMtv\A.RY OF REPRESENTATIVE SYSTEM DEPLOYMENTS 

System Type Network Type Demand Type 
Vehicle Speed 

lGRT low Shuttle Activity Center Circulation 

LGRT Low Multiple loop Activity Center Line-Haul 

IGRT Low Open loop, one-way CBD circulation, medium demand 

IGRT low Open loop, two-way CBD circulation, medium demand 

IGRT low Open loop, one-way CBD circulation, high demand 

lGRT low Open Joop, one-way CBD circulation, high demand 

IGRT Low Shuttle CBD c irculation, low demand 

lGRT Low Multiple loop CBD line-haul I low demand 

lGRT low Open loop, one-way CBD line-haul, low demand 

SGRT low Ooen looo. one-wav CBD line-haul, low demand 

SGRT low Ooen looo. one-wav CBD line-haul, high demand 
ART High Partially connected grid Metropolitan Area - high CBD, high reverse commutation 

ART High Partially connected grid Metropolitan Area - high CBD , low reverse commutation 

IGRT High Multiple loop Metropolitan Area - high CBD, high reverse commuta tion 

IGRT High Fully connected grid MetropolitQn Area - high CBD, high reverse commutation 

SGRT High Fully connected grid Metropolitan Area - low CBD, high reverse commutation 

IGRT High Fully connected grid Metropolitan Area - high CBD, low reverse commutation 

PRT Low Fully connected grid CBD circulation, high demand 
PRT High Fu 11 y connected grid Metropolitan Area - low CBD , high reverse commutation 



4.3 STANDARD NETWORK LAYOUT 

In this section the network configuration including station locations, merge/diverge 
locotlons, and guideway routing is specified for each deployment. For the eleven SLT 
deployments, a network flow analysis is presented in which each of the deployments is 
analyzed for its ability to service demands within specified service goals. 

The following rationale for obtaining a network configuration was used. Station 
locations were chosen to agree in decreasing priority with: 

1. Station locations of existing transportation systems similar to those being 
studied in the same demand environment 

2. Station locations of transportation systems under construction similar to those 
being studied in the same demand environment 

3. Station locations as given in proposals for systems similar to those being 
studied in the same demand environment 

4. Station locations as given in regional transportation studies or in in-house 
studies of systems similar to those being studied in the same demand envi ronment. 

It may be necessary in some cases to consolidate two close station locations into 
one location if it facilitates network routing. If a network is desired which is more 
pervasive than that used to determine station locations, additional stations will be located 
to serve expected demand in the most logical manner. 

Network routings are made considering network type requirements, existing system 
routes, proposed routes, and highway routes if no system similar to that being studied is 
available for the specific demand environment. 

The network loyouts presented in the figures of this section only d isplay as many 
landmarks as deemed necessary to approximately locate the networks. No detail of 
guideway and switches associated with possible off-line stat-ions is given. For activity 
center networks only a unidirectional guideway is shown, while for metropolitan area 
networks only a bidirectional guideway is shown. At all Y and+junctions in 
metropolitan area networks, full switchin3 ability between links should be assumed except 
as noted in the discussion specific to each network. 

4.3. 1 Representative SLT Deployments 

El even SLT deployments are defined for analysis in the SOS program. These 
representative deployments serve four demand types: activity center I ine-haul, activity 
center circulation, CBD circulation, and CBD I ine-haul. For each demand type, the 
deployment or deployments applied to that demand are identified and the results of a net­
work flow analysis for each deployment is presented. 
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ent in an Activit Center Line-Haul A lication-The activity 
center line- au SLT dep oyment SL Tl ass own in Figure 1 is ep oyed using a 
low-speed LGRT system. The network consists of two simple shuttles, side-by-side, serv­
ing the same three on-line stations. 

In the SLTl network flow analysis the deployment is analyzed for its ability to 
service demands within given service goals. It is assumed that the two shuttles are always 
operating in opposite directions (i . e., the vehicles on the two shuttles must leave Stations 
1 and 3 simultaneously). The following additional information is necessary for analysis: 

• Maximum vehicle capacity of 109 passengers/vehicle, minimum of 50 
• Maximum two-car train 
• Velocity of 48 km/hr 2 
• Acceleration/deceleration rate of 1 m/s 
• Station dwel I time of 45 s. 

The station dwell time of 45 s may be too high, but that would result in an under­
estimation of system capacity rather than an overestimation. 

The service goals to be attained by the SLTl deployment, which ore based on the 
performance specifications for the Morgantown system 13, are: 

• Transport 1100 passengers in 20 minutes 
• Platform transient time will be !S 5 minutes for the scheduled mode . 

The capacity service goal of 1100 passengers per 20 minutes is equivalent to 
825 passengers in 15 minutes, a unit which corresponds to the 15-minute time interval 
being analyzed (see Section 3.5.1). Platform transient time for the scheduled mode, is 
defined as the time between paying the fare and boarding the vehicle. 

The first step in analyzing whether the SLTl network, as defined above, can 
service demands within the specified service goals is to determine link loads. This 
is accomplished by summing all trips traveling on links (1, 2), (2 , 3), (3, 2), and (2, 1) 
regardless of the shuttle being used. Link loads were calculated through the use of the 
fol lowing equations: 

Link load for (1,2) = trips for 0 - D pair l to 2 plus 1 to 3 
Link load for (2,3) = trips for 0-D pair 1 to 3 plus 2 to 3 
Link load for (3,2) = trips for 0-D pair 3 to 1 plus 3 to 2 
Link load for (2, 1) = trips for 0-D pair 3 to l plus 2 to 1. 

These are static equations and do not account for time delays associated with actually 
serving trips but are equivalent to a desire line representation of the demand. The resul ts 
are listed in Table 4-3 . 

To calculate whether the system can accommodate these link loads within the 
service goals, it is necessary to specify a vehicle capacity and to determine travel times 
and vehicle headways. A vehicle capacity of 100 is used since this iJ the nomi_nal vehicle 
capacity for SL Tl as identified in the Analysis Requirements Report •1 

128 



1 I 

2 I 

Total lone length 
Double lane guideway length 
Number of stoti ons 
Type of stations 

- 6. 8 km 
- 3.4 km 
- 3 
- On-line 

FIGURE 4-1. SLT 1: SHUTTLE NETWORK IN THE ACTIVITY CENTER LINE-HAUL 
APPLICATION WITH A LOW.SPEED LGJH 
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TABLE 4-3. SLT 1 LINK LOADS 

Links 

(1, 2) (2, 3) (3, 2) (2, 1) 

Off-Peak Hour 

Ql 104 100 85 89 
Q2 73 69 59 62 
Q3 84 80 68 71 
Q4 121 115 98 102 - - - - -

Total 382 364 310 324 

Peak Hours 
11 :00 - 12:00 

Ql 62 62 73 105 
Q2 64 48 69 71 
Q3 68 48 Bl 87 
Q4 74 64 273 303 - - - - -

Total 268 222 496 566 

12:00 - 1:00 

Ql 307 322 86 313 
Q2 120 97 64 99 
Q3 125 78 81 100 
Q4 165 141 113 104 - - - - -

Total 717 638 344 616 

Evening Hour 

Ql-4 33 21 31 41 - - - -
Total 132 84 124 164 

Qn - the nth quarter-hour where n = 1, 2, 3, 4. 
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Based upon vehicle speed, acceleration/deceleration rates, distance, and station 
dwel I time, the travel times and headways for a vehicle, or train, is determined. 
Acceleration from O to 48 km/hr or deceleration from 48 km/hr to O is accomplished in 
13. 3 s over a distance of 88 o5 m. Therefore, a total of 177 m is traversed between each 
station pair for acceleration and deceleration. Between Stations 1 and 2 the remaining 
distance of 524 m is traversed in 39 .5 s. The remaining 2505 m between Stations 2 and 3 
are traversed in 188.5 s. The travel time between Stations l and 2 is 66 s, and between 
Stations 2 and 3 is 215 s. Therefore, round trip travel time is: 

66 s + 45 s + 215 s + 45 s + 215 s + 45 s + 66 s + 45 s = 7 42 s or 12 • 5 minutes • 

Every 12.5 minutes a round trip is completed on each shuttle, resulting in a headway of 
6.25 minutes at each station for any given direction of travel. Link capacities, which are 
a measure of the system 1s ability to service demands and are determined by dividing vehicle 
(or train) capacity by the headway, are given as a total for the two shuttles rather than as 
individual link capacities for each shuttle since the 6 . 25-minute headway used is a result of 
vehicles operating on both shuttles. 

Using 100-passenger vehicles, as suggested in the System Requirements Report, 14 

the maxi mum I ink capacity is: 
• Single vehicles - 960 pass/hr/ link or 240 pass/ 15 min/ link 
• Two-car trains - 1920 pass/hr/ link or 480 pass/ 15 min/ link. 

Table 4-3 shows that the single vehicles are capable of servicing the off-peak and 
evening hour demand while the two-car trains adequately service the peak hour demands. 
An excessive link capacity is provided by the 100-passenger vehicles during all time periods. 
Therefore, the 70-passenger LG RT vehicle appears to be more appropriate si nee it provides 
a link capacity of 168 pass/15 min/link with single vehicles and 336 pass/ 15 min/ link with 
two-car trains. 

This system also satisfies the transient time service goal by providing an average 
platform transient time of 3.12 minutes (one-half the average headway). The system is 
capable of easily handling the present demands, but whether it can service 825 passengers 
per 15-minute period depends on the 0-D mix. If a 11 trips are between Stations l and 3 
with no trips to Station 2, the maximum system capacity is 2(336) or 672 trips per 15-minute 
period (using 70-passenger vehicles in two-car trains) which is we ll below the service goal 
of 825. However, if there are no trips between Stations 1 and 3 but all trips either originate 
or terminate at Station 2, then the maximum system capacity is 4(336) or 1324 trips per 
15-minute period . As illustrated in Table 4-3, Link (2,3) is the heaviest loaded link in 
the system during the period from 12:00-12:15 p.m. Since the nominal traveling unit 
capacity of the LGRT system is 200 passengers per ·troin (2-car trains with 100 passengers 
per car), the system can satisfy a demand with a maximum link load of 480 passengers per 
15 minutes (240 passengers per shuttle). If the demand were scaled so that the 436 load 
on Link (2, 3) were 480 the demand magnitude would be 1300 passengers per 15 minutes. 
This number results from multiplying the ratio of maximum nominal capacity (480) to the 
actual load of the most heavily loaded link (313 per Table 4-3) times the maximum 
quarter-hour demand (872 per Table 3-5). Assuming the spatial distribution of the activity 
center line-haul application is constant, this is the maximum demand that the nominal 
SLTl system deployment con service. Thus, the SL Tl system, as defined, is capable of 
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servicing demands and meeting the specified service goals. However, a vehicle capacity 
of 70, rather than 100 as originally suggested, is better suited for the existing demand. 

4.3.1.2 SLT De lo ents in an Activi Center Circulation A 
ployed wit a ow-spe LGRT system on a mu tip e oop networ , s own in Figure 4-2. 
The two stations at each end (Stations 1, 2, 12, and 13), are located in parking facil-
ities; Stations 15 and 16 are used solely as transfer stations where no access or egress is 
allowed. All of the remaining stations are located at activity center areas. The station 
locations are identical to those of the Airtrans system with the exception of the two trans-
fer stations, which are additional stations. The two transfer stations are not considered in 
the O-D matrices because passengers cannot enter or exit the. system at these stations. 
Any passengers having a parking lot station as either an origin or destinat ion must make a 
transfer at either Station 15 or 16. 

The two parking lot loops are single-lane guideways operated in a counter-clockwise 
direction. The clockwise direction is not considered since the main objective of the system 
is to transport passengers to the activity center stations within a given time constraint. 
The shortest and quickest route to these stations is attained by employing counter-clockwise 
outer loops. However, for the network flow analysis of the center loop, both unidirection­
al (clockwise and counter-clockwise) and bidirectional configurations are consideredo 

The characteristics of the SL T2 deployment which are to be used for the network 
flow analysis are detailed below: 

• Vehicle capacity between 70 to 109 passengers 
• Maximum of 2 cars per trair:i 
• Cruise speed of 48 km/l,r 
• Station dwell of 45 s. 

The service goals which are specified for the Airtrans systerJ
5 

are also being 
applied to the SL T2 system. These goals are: 

• Trip time for interline transfers will be 5 20 minutes 
• Trip time to and from parking lot stations will be~ 30 minutes 
• Maximum average wait time of 5 minutes (assumed; not given in Reference 15). 

Network flow analysis was accomplished by first determining link loads and then 
determining the system's ability to service those loads. For the two-way center loop 
alternative, the various O-D trips had to be allocated to one of two routes, either 
clockwise or counter-clockwise around the center loop; this was accomplished by employing 
a minimum path algorithm. For simplicity, the travel time for each link was given as an input 
to the algorithm rather than calculating link travel time from network configuration, speed, 
and delays. Travel times were manually calculated by assuming a velocity of 48 km/h and 
a delay of 45 seconds on each link to account for station dwel Is. The resultant travel times 
for each link are shown in Table 4-4; al I travel times have been rounded to the nearest 
quarter of a minute. 
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Parking lot 
loop 

Activity Center 
loop 

Parking lot 
loop 

Tota I lane length 
Double lane guideway length -
Single lane guidewoy length -
Number of stations 
Type of stations 

l -Way 
Center Loop 

16.6 km 
0 km 

16.6 km 

2- Way 
Center Loop 

25.4 km 
8.8 km 
7.8 km 

16 
On-line 

FIGURE 4-2. SLT 2: MULTIPLE-LOOP NETWORK IN THE ACTIVITY CENTER 
CIRCULATION APPLICATION WITH A LOW-SPEED LGRT 
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TABLE 4-4. SLT 2 LINK TRAVEL TIMES 

Link Time Distance 

From To 
(min.) (km) 

Hp 2 1.50 0.51 
15 2.00 1.02 

Q...J 15 1 3.50 2.24 
'15 7 1.25 0.45 

a. 7 6 1.25 0.43 
8 6 9 1.25 1.28 

...J 9 8 1.25 0.34 ... 
Q) 8 11 2.25 1.20 C 
C 

11 10 1.25 0.43 -
Q) ' 
VI 10 16 1.75 0.85 
~ · 

..:,{. 16 14 2.75 1.60 
8 14 - 5 2.00 0.98 
u 5 4 1.25 0.41 

4 3 1.25 0.41 
' 3 15 1.25 0.45 

0. .... ,s 3 1.25 0.45 
..9 3 4 1.25 0o41 
... 4 5 1.25 0.41 Q) 
C 5 14 2.00 0.98 C - 14 16 2.75 1.60 Q) 
VI 16 10 1.75 0.85 ]< 

10 11 1.25 0.43 
8 11 8 2.25 1.20 -u 8 9 1.25 0.34 I ... 
Q) 9 6 2.25 1.28 ~ 

C 
6 7 1.25 0.43 ::, 

0 
u , 7 15 1.25 0.45 

i "-{16 13 3.50 2.24 
"'5 8 13 12 1.50 0.51 
Q...J 12 16 2.00 1.02 
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Due to the large number of time intervals being considered in the normalized 
demand profile, only two time intervals are being analyzed: 11 :00 to 11 :30 a.m. and 
5:00 to 5:30 p.m. These half-hour intervals represent the maximum demand intervals; 
therefore, if the SLT 2 deployment is capable of servicing these peak demands, then the 
system is assumed to be capable of servicing the lower demand intervals. 

After applying the minimum path algorithm to the station-to-station demand 
matrices for the two time intervals under consideration, Tables 3-6 and 3-7, the link loads 
were calculated for the three alternative network configurations. The calculation of link 
loads for the one-way alternatives ore straightforward since only one route is possible for 
an O-D pair. The link loads for three alternatives during the two peak periods ore given 
in Tables 4-5 through 4-10. The link loads represent the number of passengers per half­
hour traversing each link. As expected, the link loads on the one-way loop alternatives 
ore higher than on the two-way alternative; consequently, each alternative is analyzed 
separately. 

From Tables 4-5 through 4-10 it can be seen that link loads for the two parking 
lot loops (as identified in Table 4-4) are identical for a given time period, and only the 
link loads for the center loop are affected by the network configuration alternatives. The 
I ink loads for the parking lot loops in passengers per half-hour are: 

Link 11 :00-11 :30 a .m. 5:00-5:30 p. m. 

(1, 2) 20 25 
(2 t 15) 26 27 
(15, l) 18 20 
(13, 12) 28 29 
(12, 16) 29 27 
(16, 13) 30 26 

The round trip travel times for a vehicle/train on either outer loop is 7.00 minutes 
(1.50 + 2.00 + 3.50 minutes, from Table 4-4). Using one vehicle per loop, the 
headway on each outer loop is six minutes. At this headway, using the 70-passenger 
LGRT vehicle, a link capacity of 300 passengers per 30 minutes is attained. This 
capacity is adequate for the demands on the outer loops. The outer loop travel times, 
as experienced by users, determined by adding link times to the station wait time -
one-half the headway - are: 

Stations l to 15 and 13 to 16 
Stations 2 to 15 and 12 to 16 
Stations 15 to 1 and 16 to 13 
Stations 15 to 2 and 16 to 12 

7 .oo minutes 
5.50 minutes 
7 .00 minutes 
8 .50 minutes. 

Prior to measuring total trip times, which is necessary to determine whether the service 
goals hove been met, the trip times on the center loop must be calculated. 

Round-trip travel on the center loop is calculated by summing all of the link travel 
times of that loop in one direction. Using the data in Table 4-4, thecenterlooproundtriptrovel 
time is determined to be 18.75 minutes. Round-trip travel times are identical for all 
three center loop configurations but total travel times vary among the three network 
a I tern at i ves. 
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TABLE 4-5. MID-DAY PEAK LINK LOADS FOR THE ACTIVITY CENTER 
CIRCULATION APPLICATION, T'NO-WAY INNER LOOP NET'NORK 

'- G 1 

l I ~ I< 
F~OM NOOE 

1 
2 

3 

" 4 
5 
5 
6 
6 
1 
1 
8 
e 
9 
9 

l(J 

IC 
11 
11 
12 
13 
1~ 
14 
15 
15 
15 
16 
lt 
16 

L I " K 

E " O S 
lC ~COE 

2 
15 

" 15 
3 
!i 
It 

lit 
1 
9 
6 

15 
q 

11 
6 
8 

11 
16 

8 
10 
16 
12 

5 
16 

l 
3 
1 

10 
13 
14 

(11:00 a.m. to 11:30 a.m.) 

LIN - Line-Haul Link 
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l fflj I<. 
1\'PE 

l O A O I N G S 

L INtc 
LCAO 

LIN 2C 
Lt~ 2t 
ll I\ 62 
LIN ~5 
L(N 56 
lt" 36 

__ .lit(. -------··--·-·- 31 . _____ -·- · -· 
LI" 44 
LIN 119 
LI" 10? 
LIN 75 
LIN 105 
LIN 112 
l I " - ·- - - ·11 5 
LIN 147 
LIN 101 
llN 49 
LI~ 50 
LIN 18 
LI~ 100 
LIN 29 
LIN 28 
LIN 27 
LIN 47 
ltN 18 
LIP\ 102 
LIN 76 
LIN te 
LIN 30 
LIN 2e 



TABLE 4-6. AFTERNOON PEAK LINK LOADS FOR THE ACTIVITY CENTER 
CIRCULATION APPLICATION, TWO- WAY INNER LOOP NETWORK 

l I ~ K 
Filo" r-ocE 

l o- ·A C I N G- S 
- - - - ----- ---- -- - - - ----

E N O S 
TC tiOOE 

LINK LINIC 
. --· ·- · ·-- --· ---TYPE - LOAD 

1 2 LIN ____ 25 --= _. -=-···:· ·2 _:·~:. ___ _:.:~ __ · -~~)5 -_ -~=- LI~--_______________ __ 21 ___ _ 
_ ________ _ 3 ___________ It LIN 6e 
___ _ __ J___ 1, lIH 10 

~ 3 LtN se 
__ _ ___ __ __ _ ________ ~ __ _ __ ___ ___ __ __ _ _ ____ ' _ - - ~J N 4\5 

5 lt ______ LIN 'tit 
------=---_ ,-------__ -_-_ ~ !4' _ ---------- ~-I_N ~O _ _ _ _ _ : ----. - .. -. ~ -------- -~ ~: =~---

1 6 LIN - lt 
7 l~ . LIN _ ____ 95·- -

·-- -------·-a···--- -- -- .... -- --9 -- ---·-===~_ f IN 100 __ _ 
-· ·e - -- ·-· --- -·-·11_____ LIN__ 10 

CJ - 6 - --- -- --- -- (ni ---·---129·---
9 8 - - -·---·----~---- l IN - - -- - - 6S ------

1Q·· - ··· - - 11 . ····-- - - - ---·- i.1~ 67 _ ____ _ 
10 .. - .. --- . 16 .. - - - -- -- - LIN . . 6 2 

11 8 ___ l IN 81t -
- ·- --···-- - - 11 - --- - --- . ur-- T IN _____ _ 6-3 

-----·- 12 16 ------- - - -- ·LIN 27 __ _ 
- -- --- -- - -- .. -- 13 - 12 - ---- -- . ------ l IN _____ __ _ -"i,f _ ___ - _-

·- -- - -·· -· 14 --, ---- ---- -----·-·- ·tlN _ __ ltO 
14 16 .. - --- ---------- l l N ---31 -- - --

-- -- - --· ·-···- 15 1 . LIN - - - - 20 _ __ ___ _ 
- 1,- - - . -- . _3 _______ llt\ 96 

- - -----15 1 - ... ---- - -- LIN ______ _ ----- - 16 ____ _ 
lf: 10 -- --- ---- -- -- -- LIN ···54 

_______ ------~: ~_ . 16 _ · -- · -· 13 -- -- -- ----- -ltN ______ 26 __ __ _ _ 
. ________ _ 16 -~ - -~:~----LIN- - --~3!.. _____ _ 

· _____ ___ (~_:_Q_O P.!m. to 5:3Q_p_~_m.J _______ ___ _ 

LIN - Line-Haul Link 
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TABLE 4-7. MID-DAY PEAK UNK LOADS FOR THE ACTIVITY CENTER 
CIRCULATION APPLICATION, .CLOCKWISE INNER LOOP N ETWORK 

A G T N E T w 0 R K L I N K T R I p L 0 A D I N G S 

L I N K E N D s LI ~K LINK 
FROM I\OOE TO \IODE TYP E LOAD 

1 2 LI N 20 
2 15 LIN 26 
3 15 LIN 257 
4 3 LIN 288 
5 4 LIN 29 5 
6 q . LIN -- ··- 250 - -- _ ----
7 6 LIN 2 50 
8 11 LIN 331 
9 8 LIN 283 

1 0 16 LIN 276 
11 10 LIN 345 
12 16 LIN _ 29 
1 3 12 · LIN 28 
14 5 LI N 277 
15 1 LIN 18 
1 5 7 LIN 265 
16 13 LIN 30 
16 14 LIN . ... -- -215. 

(11 :00 a . m. to 11 :30 a.m . ) 

LIN - Line-Haul Link 

138 



TABLE 4-8. AFTERNOON LINK LOADS FOR THE ACTIVITY CENTER CIRCULATION 
APPLICATION, CLOCKWISE INNER LOOP NETWORK 

t. G T N E T ~ 0 R K L I N K T R I p L 0 A C I N G S I 

L l t-,; K E N n s LINK LI t-.K 
FROM ~ODE TO ~ODE TYPE LOAD 

l 2 LIN 25 
2 15 LIN 21 
3 15 LIN 245 
4 3 LIN 261 
s 4 LIN 270 
b 9 LIN 210 
1 6 LIN 248 
8 11 LIN 257 
q 8 LIN 239 

io 16 LIN 279 
11 10 LIN 267 
12 16 LIN 27 
13 12 LIN 29 
14 5 LIN 271 
15 l LIN 20 
l '5 1 LIN 252 
16 13 LIN 26 
16 14 LIN . -- --- - .. ... ... 2..8.0. - ~ -. 

(5:00 p.m. to 5:30 p.m. ) 

LIN - Line-Hou I Link 
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TABLE 4-9. MID-DAY LINK LOADS FOR THE ACTIVITY CENTER CIRCULATION 
APPLICATION, COUNTER-CLOCKWISE INNER LOOP NETWORK 

A G T N E T W 0 R K L I N K T R I p L C A C I N G S 

L I N K E N D S l INK LINK 
F qQM NODE TO t\lODE TYPE LOAD 

l 2 Lit-.: 20 
2 15 LIN 26 
3 4 LIN 264 
4 5 LIN 257 
5 14 LIN 275 
6 7 LIN 302 
7 15 LIN 287 
8 9 LIN 26CJ 
q 6 LIN 302 

10 11 LIN 207 
11 8 LIN 221 
12 16 LIN 2q 
13 12 LIN 28 
14 16 LIN 211 
15 l LIN 18 
15 3 LIN 295 
16 10 LIN 276 
16 13 LIN .. 30. 

t 11: 00 AM TO 11:30 AM) 

LIN - Line-Haul Link 
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TABLE 4-100 AFTERNOON LINK LOADS FOR THE ACTIVITY CENTER CIRCULATION 
APPLICATION, COUNTER-CLOCKWISE INNER LOOP NETWORK 

A G T 

- .. - ---·--

N E T w 

L I N K 
FROM NODE 

l -
. 2 

--- -- - __ 3 -
- - 4 

5 

0 R I( L I N l( T R I p L - OA 0 I N G s 
... ·- ···-·---- ·- ·- ---

E N D s LINK l INK 
TO NOOE TYPE - .LOAD 

··----- - ·- ·- ·· .. --· 

2 LIN --- - 25- - - -·- --
15 l l N - - -- --- 21 .. 

4 . _ _ ____ --- --LHL---- 2 lA-------
5 _ . ------------ LIN----- ---215.-- -------

14 _ .LIN . -------------2l!t ---- ---------
-- ____________ ______ _ ______ _ 7-_____ _ _.t~IµNIL-.-___ __.,2 __ 3...,.J ___ _ 

1 
8 
g 

10 
11 

- --- 12. -
13 
14 
15 
15 
16 
16 

15 LIN .. --- - --- -----213 --- . -- - -- -
9 l IN -------246 . . --. --
6 LIN . 275 -

11 LIN 218 
8 LIN -- 228 

16 -- -------LIN _____ 7. _ _ _ 
12 LIN . - 29 -
16 L I N - - -- 2 0 5 -

1 LIN 20 -
3 LIN 240 

10 LIN 206 
.1.3. __ -----------'-L-+l~N------'--26,..___ __ _ 

(5:00 p.m. to 5:30 p.m.) 

LIN - Line-Haul Link 
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Two-Way Center Loop 

The ability of this network to service demands is depende nt on vehicle size and 
frequency of vehicle arrivals. The ability to meet service goals is measured by trip time 
which is dependent on frequency of vehicle arrivals and the time to traverse routes. The 
link loads presented in Tables 4-5 and 4-6 indicate that link ~, 6) is the most heavily 
loaded (147 passengers per half-hour) during the interval from 11 :00 to 11 :30 a .m. This 
demand can be served using two vehicles per loop (operated either trained or individually) 
with a capacity as low as 74 passengers per vehicle. If service is provided using one two­
car train on each loop, the resulting average wait time, one-half the headway, would be 
about nine minute s. This is well above the service goal of five minutes . If two sing le 
vehicles per loop are employed, the average wait time is reduced to approx imately 4.7 
minutes and a link capacity of 223 passengers per 30 minutes is atta ined with the 70-
passenger vehicle. This capacity can service demands since it exceeds the maximum link 
load of 147 passengers per half hour. 

Now the ability of the system to provide the specified service goals must be deter­
mined. One of the longest possible trips to a parking station is from Station 10 to Station 2. 
The minimum path is identified by the following sequence of links: 

• (10, 11) 
•(11 , 8) 
• (8, 9) 
• (9 I 6) 
• (6, 7) 
• (7, 15) 
• (15, 1) 
• ( 1, 2). 

The first six links define the shortest route on the inner loop,and the last two links define 
the route on the outer loop. Using Table 4-4, total travel time is calc ulated by summing 
the average wait time, travel time between Stoti'ons 10 and 15, transfer time, and travel 
time from Station 15 to Station 2 (or 4o70 +9.50 + transfer time + 8 . 50 which equals 
22.7 minutes plus the transfer time. Average wait time on the outer loop is 3.5 minutes 
and allowing one minute to walk through the transfer station, the total transfer time can 
reasonably be expected to overage about 4.5 minutes; therefore, the total travel time 
for the 0-0 pair (10,2) is 27 .2 minutes. The service goal travel time for this trip is 
30 minutes; consequently, parking lot trips are serviced within the specified goals. 

The interline trips must be serviced within 20 minutes. Clearly, since the parking 
lot trip, which is considerably longer than any possible minimum path interline trip, is 
traveled in 27 .2 minutes, 13 of which are attributed to the transfer and outer loop trip, 
the interline trips can be traveled in less than 20 minutes. 

In summary, two 70-passenger single vehicles per lane of the two-way loop 
network more than adequately service the demands within the specified service goals. If 
smaller average wait times are desired, additional vehic les per lane will be required. 
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Since the link capacity provided far exceeds the demands, the IGRT rather than the LGRT 
system type should be considered in future analyses if the two-way center loop configura­
tion is selected. Two 50-passenger IGRT vehicles operating at 9. 1-minute headways pro­
vide a Ii nk capacity of 164 passengers per half-hour. 

One-Way Clockwise Center Loop 

The link loads for the one-way clockwise center loop are shown in Tables 4-7 and 
4-8. The loads are much greater than those of the two-way alternative since there are 
no route alternatives in this network over which to distribute trips. The round-trip travel 
time for this configuration is also 18.75 minutes. Two vehicles/trains on the center loop 
would result in an average wait time of nearly 4.7 minutes which complies with the wait 
time service goal. However, the travel time service goal would be violated for O-D 
pair (7, 3), the worst case trip relative to the service goals . The total time for this trip 
is 20.95 minutes (4.7 minutes wait time plus 16.25 minutes link travel time). Consequently, 
at least three vehicles/trains are needed in the center loop to satisfy all of the service goals. 

By employing three two-vehicle trains, with each vehicle having a capacity of 
70 passengers, and assuming that the trains are evenly spaced around the loop, a headway 
of 6.25 minutes is attained. This results in a link capacity of 672 passengers per half hour, 
sufficient for servicing demands. The demands can also be serviced by employing three 
single 90 passenger vehicles which would provide a link capacity of 432 passengers per 
half-hour. Since link loads never exceed 350 passengers per half-hour for this network 
alternative, the SLT2 one-way clockwise center loop configuration is capable of servicing 
demands and providing the specified service goals. 

One-Way Counter-Clockwise Center Loop 

The analysis of the counter-clockwise loop is identical to that performed on the 
clockwise loop above. However, the results differ somewhat since the counter-clockwise 
link loads as shown in Tables 4-9 and 4-10 do not peak to the same high levels of the 
clockwise network. Three vehicles/trains per loop are still required to meet the service 
goals but now only 80-passenger single vehicles are needed to service all link loads 
since the three vehicles provide a total link capacity of 384 passengers per half-hour. 
Demands can also be serviced by three two-vehicle (70 passengers/vehicle) trains 
which provides a link capacity of 672 passengers per 30 minutes. 

Summary 

In summary, the outer or parkinq lot loops have similar link loads for all three 
center loop configurations. The headway on these loops is 7 minutes and one vehicle 
provides sufficient capacity to service demands. Consequently, the average wait time 
at the parking lot stations is 3.5 minutes with only one vehicle traveling on each loop. 
The link loads per half-hour are relatively small (less than 30) compared to capacity; 
therefore, no problem is encountered in providing adequate service on the two outer loops. 
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The center loop was analyzed for three possible configurations: a two-way loop 
and two one-way loops, one in each direction. All three configurations can service the 
demands to be used with the SLT2 deployment; however, the two-way loop reduces total 
travel time for many 0-D pairs and thereby provides better service. 

Average wait times are estimated to be one-half of the headway, but those passengers 
who use the one-way center loop and experience a wait time in excess of one-half the 
headway may not be able to complete their trip within the specified service goal trip time. 
Since the two-way network alternative routes passengers over the minimum path, the 
average travel times are much lower than the average travel times of the one-way alternatives; 
therefore, the two-way alternative allows longer headways before the service goals are 
violated. 

Another advantage of the two-way network configuration is its ability to provide 
high service availability. If one of the loops were to become blocked, the remaining 
loop would be capable of servicing the demand within the specified service goals. 
However, if the one-way network were to have one link blocked, the system would not 
be capable of servicing demands within the specified service goals. 

To ensure that a variety of system alternatives can be considered and still satisfy 
trip time and availability goals, only the dual lane center loop configuration is considered 
for any further SLT2 analyses. The LGRT vehicles were found to provide too much 
capacity for the two-way center loop configuration. Therefore, the IGRT system rather 
than the larger system will be used for the SLT2 deployment. 

4.3. 1.3 SLT Deplo ments in a CBD Circulation .Application-Five representative systems 
are deployed in t e CBD circu ation demand environment. T e SLT3 deployment (shown 
in Figure 4-3) is a one-way loop network, low-speed IGRT system in a medium demand 
CBD environment. The SLT5 and SLT6 deployments use the some network as SLT3 but 
differ in either their system class or demand level. SLT5 is deployed in a CBD high 
demand environment while SLT6 employs a low-speed LGRT system; except for these 
vcriotions the three deployments are identical. Deployment SLT4 is a low-speed IGRT 
system operating on a two-way loop in a medium demand CBD environment (as shown in 
Figure 4-4). The final deployment, SLT7, is a low-speed IGRT system operating on 
shuttles (Figure 4-5), in a low demand CBD environment. 

All of the deployments have eleven on-line stations, and these stations are 
located as described in the Detroit DPM proposal J The routing for all five deployments 
are identical thereby allowing direct comparisons to be made between the various 
systems and network configurations. The shuttle network was designed with an even 
number of shuttles so that synchronous motion of the vehicles could be accomplished 
to foe i Ii tote passenger transfers o 

Network flow analysis is performed for each of the five CBD circulation deployments 
by analyzing link loads and the system's ability to service those loads within given service 
goals. The service goals for these deployments have not been selected as of the writing of 
this report; therefore, a maximum average station wait time of five minutes has been 
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established based on the service goals identified for SLTl and SLT2. Also, no criteria for 
maximum trip time has been selected conceming the system's ability to service demands 
within a specified time interval. When these service goals have been selected, the 
results of the network flow analysis wil I be reviewed to ensure the service goals have not 
been violated. 

For the purpose of determining link loads, passenger trip links were added to the 
guideway representation to allow for proper modeling of passenger flows. Since passengers 
are assigned to minimum paths, it is necessary to include station wait times as part of the 
trip time for passengers entering the system but not for passengers who pass through a station 
on-board a vehicle. Consequently, a passenger access link was added to the network 
definition at each station. This access link has a distance of zero and a wait time penalty 
which is assumed to be two minutes (a headway of four minutes was assumed,and wait time 
is defined as one-half the headway). In this manner each passenger receives only one 
wait time per;ialty for each trip . This access link is used at each station for the deploy­
ments SLT3 through SLT6. The link loads for these access links are equivalent to the 
number of passengers entering that station (the "to" node number of the link is equivalent 
to the station number as identified in the network figures). Several additional passenger 
links were necessary at transfer stations in the SlT7 deployment to properly represent pas­
senger flows through these stations, as will be discussed in detai I later. 

The following paragraphs present a representative system definition and the results 
of the network flow analysis for each of the five SLT deployments in the CBD circulation 
demand application. The station-to-station demands generated in the demand model 
generation task (Section 3.5.3) are used to calculate the link loads for the five deploy­
ments. 

SLT 3 

The SLT3 deployment depicted in Figure 4-3 is characterized as a one-way loop 
network, low-speed IGRT system, in a medium level CBD demand. The nominal values 
of system parameters to be used for the network flow analysis, as defined in the analysis 
requirements, 14 are as follows: 

• Nominal vehicle capacity of 40 
• 1 to 4 cars per train 
• Nominal minimum headway of 18 s 
• Nominal CI\Jise velocity of 27 km/'hr 
• Acceleration/deceleration rate of 1 m/s2 

• Prescheduled service. 

For the purpose of the network flow analyses, an average station dwell time of 30 s is 
assumed. These characteristics may be varied, within the bounds set by the IGRT defini­
tion, to determine if a different set of characteristics could better service the demands. 
However, for this preliminary analysis the only parameters which are to be varied are 
vehicle capacity, operating headway, and the number of cars per train since these para­
meters have the greatest effects on a system's capacity. 
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As detailed in Section 3 .5.3, the demand matrices for the clockwise and counter­
clockwise alternatives are identical. Consequently, the link loads for the two alternatives 
are also identical. Table 4-11 shows peak link loads in terms of passengers per hour for the 
single-lane loop configuration. Since the counter-clockwise configuration was proposed by 

SEMTA in their DPM proposal for Detroit, this alternative is used for the SLT3 analysis. 

By totaling the link travel times in Table 3-8, it can be seen that the round-trip 
travel time for a vehicle is 16.17 minutes; if only one vehicle is used, an average wait 
time of 8 .08 minutes would result. Since the average wait time is not to exceed ·five 
minutes, at least two vehicles will be required for this network, resulting in a four-minute 
average wait time. With a headway of eight minutes and a vehicle capacity of 40, 
the maximum link capacity which can be serviced is 300 passengers per hour. The demands 
in Table 4-11 are far in excess of this link capacity, so it is likely that the vehicle capa­
city, number of vehicles per train, and the number of trains will all have to be increased. 

By increasing the number of trains, the level of service is improved since wait 
times are decreased and link capacity is very rapidly increased. Doubling the number 
of trains to four and using two-vehicle trains, the average wait time becomes two 
minutes (four-minute headways), and the train capacity becomes 80 passengers. This 
results in a link capacity of 1200 passengers per hour, which is still less than the 
required 5000 passengers per hour. Doubling the number of vehicles in a train from 
two to four doubles the link capacity to 2400 passengers per hour. Since vehicle 
capacity can only be increased 72.5 percent (from 40 to 69 passengers per vehicle for 
IGRT), while the link capacity needs to be increased by at least 100 percent; and the 
maximum train length, as defined by the nominal system parameters, is already being 
employed; it follows that more trains are needed on the loop in order to service 
demands. 

By increasing vehicle capacity to 45 and the number of trains to eight (resulting 
in two-minute headways) the link capacity is increased to 5400 passengers per hour, 
enough to service demands on all links. Consequently, this deployment is capable of 
servicing the demand, but the costs associated with the large number of vehicles required 
during the peak period and trade-off between larger but fewer vehicles still needs to be 
analyzed. It may be possible to use 60 to 69 passenger vehicles and reduce the required 
fleet size, but the capacity provided during low demand time periods may far exceed 
demand. These issues will be addressed in the traveling unit capacity trade study. 

SLT 4 

The SLT4 deployment has the same·station location as SLT3, but the network is a 
two-way loop rather than a one-way loop, as shown in Figure 4-4. Both the system type, 
low-speed IGRT, and the demand type, medium level CBD circulation, are identical to 
the SLT3 deployment. The nominal system parameters used for the network flow analysis 
are identical to those defined for SLT3. 

The peak hour link loads calculated for this deployment are shown in Table 4-12. 
Even through the SLT 4 deoloyment attracts more trios as a result of its shorter travel times, the 
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TABLE 4-11. MID-DAY LINK LOADS FOR THE MEDIUM DEMAND CBD 
CIRCULATION APPLICATION, COUNTER-CLOCKWISE 
NETWORK 

, G T N E T W O A IC L I " K T R I P LOADINGS - ··--·--··- -- ·-- -- -· ----· ----
l I ~ I( . E N D s llNK LINK 

FR0'4 NODE TO NOOE TVPE LOAD 

l 11 LIN 3263 
2 1 ltN 3291 
3 2 LIN . - ·- · ·- 3332 -- - ··- -· -··--- -

4 3 LIN 3094 
··-- - - - -

5 4 LIN 420CJ 
6 ' LIN 5088 

·•. --- - -- . 

--- -- . . -
1 6 LIN 5035 . . .. - ---· ---- ···-·· --
8 7 LIN 3984 

- - - • • - - • · • ■ ---- .. --q 8 LIN 5206 
- - - ·- - -- -

10 C) LIN lt251 
- ---- - . - - --

11 10 LIN 4313 
12 z ACC 223 .. .. - -- -
13 3 ACC 316 
14 4 ACC 869 - -------
15 5 ACC 820 
16 6 ACC U!81 . -----·- .. .. 
ll 1 ACC · - •· ·· 1841 .. - - ·- -·-·- ·-· 
18 8 ACC 725 - --- - · -· - . ---
19 CJ ACC 1576 

110 10 ACC 908 ---·- -- . . 
ACC ··--2211 ---- ----· 

111 11 . .. 
·121 . ] A,-~ .. -· . ·-- .. . Q - ·-

(12 noon to 1 :00 p.m.) 

*ll N - Line-Haul Link 
ACC - Access Unk 
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TABLE 4-12. MID-DAY LINK LOADS FOR THE MEDIUM DEMAND CBD CIRCULATION 
APPLICATION, TWO-WAY NETWORK 

A G T N E T \ol O R K l I N K 

I., l N K 
FROM ~ODE 

1 
l 
2 
2 
3 
1 
'1 
'1 
ij 

5 
t, 
6 
1 
7 
8 
8 
q 
<; 

10 
10 
l 1 
11 
12 
13 
14 
15 
ll 
17 
18 
19 

110 
111 
121 

E N D S 
TO NODE 

2 
11 

1 
l 
2 
4 
3 
~ 

4 
6 
5 
7 
6 
8 
7 
q 

8 
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link loads are significantly lower than the loads on the one-way network (SLT3) as a result 
of two lanes being available for servicing the demand rather than only one, as was the 
case for the SLT3 deployment. 

Since round trip travel time is just over 16 minutes for each lane, at least two 
traveling units per lane are required to meet the average wait time service goal. Using 
two single vehicles, having a 40-passenger capacity and operating at eight-minute 
headways, a link capacity of 300 passengers per hour is attained, which is at least a factor 
of ten too low. However, by increasing vehicle capacity to 64, training four vehicles 
and doubling the number of trains from two to four (resulting in four-minute headways) a 
link capacity of 3840 passengers per hour is provided. This is sufficient to service the demand; 
however, the larger vehicle might be providing too much capacity during the off-peak 
hours. A system using 33-passengervehicles, trains of four vehicles operating at two-minute 
headways (eight trains per lane) would also be capable of servicing the demands with a 
I ink capacity of 3960 passengers per hour. The major conclusion that can be drawn from 
the SLT4 network flow analysis is that the IGRT system deployed in a dual-lane loop 
network is capable of serving the medium-level CBD circulation demand, and analysis 
of the deployment should be continued. 

SLT 5 

The fifth SLT deployment is identical to SLT3 (as noted in Figure 4-3) except that 
now the high C BD demand I eve I is applied to the network. As discussed previously, only 
the counter-clockwise configuration is considered for the CBD circulation one-way loop 
network. The nominal system characteristics used for the network flow analysis are identi­
cal to the characteristics used for the SLT3 analysis. The link loads resulting from applying 
the high CBD demand level to the one-way loop network are given in Table 4-13 . From the 
SLT3 analysis it is obvious that the 40-passenger vehicles are incapable of servicing demands. 
However, eight four-vehicle trains (operating at two-minute headways), with vehicles 
having a capacity of 55 passengers, provide a link capacity of 6600 passengers per hour. 
This link capacity is sufficient to satisfy the peak hour demands when the high CBD demand 
is applied to the one-way loop network. By using larger vehicles, say 69 passengers, and 
four-vehicle trains, six trains would provide a link capacity of 6100 passengers per hour 
while seven trains would provide a link capacity of 7200 passengers per hour. Six trains 
provide too little capacity, but seven provide too much. However, by reducing vehicle 
capacity to 65 passengers and using seven trains, the link capacity becomes 6800 passengers 
per hour. 

In conclusion, the SLT5 counter-clockwise deployment is capable of servicing the 
high- level CBD circulation demand, and further analysis of this deployment is warranted. 

SLT 6 

The SLT6 deployment (depicted in Figure 4-3) is identical to SLT5 except that 
LGRT vehicles rather than IGRT vehicles are employed. The nominal system parameters 
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TABLE 4-13. MID-DAY LINK LOADS FOR THE HIGH DEMAND CBD CIRCULATION 
APPLICATION, COUNTER-CLOCKWISE NETWORK 
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to be used for analysis, as defined in the Analysis Requirements, 14 are as follows: 

• Nominal vehicle capacity of 100 passengers 
• 1 to 2 cars per train 
• Nominal cruise velocity of 48 km/hr 
• Acceleration/deceleration rate r:J 1 m/s2 

• Minimum headway of 90 s 
• Preschedu led service. 

A station dwell time of 30 sis assumed throughout the network flow analysis of SLT6. 

Since SLT5 and SLT6 hove similar operational characteristics _a nd t hey both use the 
same demands, the link loads for these two deployments are identical (fable 4-13). Using 
eight two-vehicle trains (operating at two-minute headways), with each vehicle having a 
capacity of 100, a link capacity of 6000 passengers per hour is attained, too low for peak­
hour demands. By increasing vehicle capacity to 109 passengers, the link capacity is ·· 
raised to 6540 passengers per hour, sufficient for servicing demands. Consequently, the 
SLT6 deployment is capable of servicing the high level CBD circulation demands and should 
undergo further analysis. 

SLT 7 

The seventh SLT deployment is a shuttle system using IGRT vehicles deployed in 
the low level CBD circulation demand environment. The nominal system characteristics 
are identical to those detailed for SLT3. As discussed previously, it is necessary to include 
additional links so as to properly compute station-to-station travel times for calculating 
minimum paths. The shuttle system (as shown in Figure 4-5) is much more difficult to model 
accurately due to the various time penalties which can be incurred at transfer stations . 
Access links ore added to the network definition at each station to account for t he station 
wait time of passengers who access the system at each station. Two additional link types 
ore added to the network definition at transfer stations (as shown in Figure 4-6). Egress 
links ore used to allow passengers to disembark at transfer stations without receiving any 
tine penalties. Transfer links ore used to add a transfer time penalty to the trip time of 
transferring passengers. 

The vehicles on the shuttles can be operated in either non-synchronized or syn­
chronized mode. By synchronizing the vehicles, transfer times are minimized. However, 
in order to synchronize vehicle arrivals at transfer stations, the vehicle speed on the short­
er shuttles must be reduced, or dwell times at intermediate stations increased, so that the 
travel times on all shuttles are equal. Round trip travel times for the individual shuttles, 
asderived from the link travel times of Table 3-8, are: 

Shuttle 

2-3-4-5 
5-6-7-8 
8-9-1~ 11 
11-1-2 
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8.70 
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These round trip travel times, which include 30 second dwells at all stations, must be 
equivalent in order to synchronize the shuttles. By increasing the dwell times on the 
shuttles with lower travel times this equivalence, within a few seconds, can be attained. 
By increasing the dwell at Station 1 to 60 seconds and at Stations 9 and 10 to 55 seconds, 
the following round trip travel times are achieved: 

Shuttle 

2-3-4-5 
5-6-7-8 
8-9-1~ 11 
11-1-2 

Synch. Travel Times (min o) 

8.70 
8.78 
8.83 
8.70 

These travel times are all within 8 seconds of each other. By requiring that vehicles leave 
transfer stations simultaneously, a round trip travel time of approximately 8.80 minutes is 
attained. As a result of synchronizing the shuttles, some of the I ink travel times of the 
synchronized shuttle, as shown in Table 3-12A, are greater than the corresponding link 
travel times on the unsynchronized shuttle, shown in Table 3-8. 

Transfer times, like link travel times, vary for the two alternatives of the shuttle 
network. Transfer times for the unsynchronized shuttle are assumed to be equivalent to 

· one-half the headway (or the round trip travel time) since, on the average, this is the 
length of time passengers must wait for the arrival of a vehicle. In other words, transfer 
times and wait times for the unsynchronized shuttle are identical, as shown in Tables 3-12 
and 3-13. No transfer time penalty is associated with the synchronized alternative since 
vehicles arrive simultaneously and remain 30 seconds, the dwell time. Passengers deboard 
their vehicle, walk across the station, and board a waiting vehicleo Since this transfer is 
accomplished within the vehicle's dwell time, which has been included in link travel times, 
no additional time penalty is required. 
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The link loads for the two systems wh ich are derived from the station-to-station de­
mands of Tables 3-22 and 3-23, are shown in Tables 4-14 and 4-15 for the non-synchronized 
and synchronized deployments, respectively. The maximum link loads for the individual 
shuttles are: 

Shuttle Non-synchronized Synchronized 

2-3-4-5 
5-6-7-8 

8-9-10-11 
11-1-2 

755 
1974 
1804 
384 

1430 
2462 
1957 
432 

Since only one traveling unit (vehicle or train) can be used on any shuttle,the only para­
meters which can be varied to accommodate passenger loads are vehicle capacity and the 
number of vehicles per train. The effective headway for the vehicles operating on the 
non-synchronized system varies from shuttle to shuttle, but for the synchronized system 

the headways are constant. Using a single vehicle, having a capacity of 40 passengers 
the following link capacities are provided by each of the two shuttle alternatives: ' 

Shuttle Non-synchronized Synchronized 

2-3-4-5 276 273 
5-6-7-8 273 273 

8-9-10-11 334 273 
11-1-2 312 273 

None of the shuttles are provided with sufficient capacity to service demands al though 
shuttle 11-1-2 does not require a very large increase in capacity. Shuttle 5-6-7-8 
which has the longest headway and the largest link loads, 1974 and 2462 for the non-syn­
chronized and synchronized alternatives, respectively, cannot be adequately serviced by 
the largest IGRT vehicle operating in four-car trains; consequently, more than four vehi­
cles per train are required for this shuttle during the peak hour. It is assumed that the ve­
hicle capacity for any given alternative must be similar for all four shuttles (i.e., one 
shuttle cannot use a 40 passenger vehicle while another shuttle uses a 60 passenger vehi­
cle). Under this assumption the following vehicle sizes and train consists are requi red to 
service demands: 

Shuttle 

2-3-4-5 
5-6-7-8 

8-9-10-11 
11-1-2 

No. Veh. 
Per Train 

2 
6 
5 
1 

Link Capacity (Pass/Hr) 
Non-Synch. Synch. 
50 Pass. Veh. 58 Pass. Veh. 

692 
2052 
2092 

390 
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One shuttle, synchronized 2-3-4-5, is slightly under serviced (100 passengers per hour), 
but it is assumed that the unserviced demand is small enough to be serviced by using 
vehicle crush capacities in lieu of nominal capacities. As an alternative, the location 
of transfer stations in the shuttle network could be reconsidered so that the demand is 
more evenly distributed among the shuttles. 

The SLT7 deployment is capable of serving the low CBD circulation demand, 
and further analysis should be undertaken. Since the synchronized shuttle attracts 
more trips than the non-synchronized configuration, the former should be considered in 
future analyses of this application. 

Summary 

All five of the SLT deployments analyzed were found to be capable of serving 
their demands. However, the loop configurations could employ either large vehicles 
with fewer trains or smaller vehicles with more trains, assuming that the number of 
vehicles per train is constanto Only a preliminary analysis is documented in this 
report, and these issues will be addressed in greater detail in the traveling unit capacity 
trade study o 

No difference was found to exist between the link loads of the clockwise and 
counter-clockwise alternatives of the one-way loop networks (SLT 3, 5, and 6)0 It is 
recommended that in the future analyses only the counter-clockwise network be 
considered since this network was the one proposed by SEMTA in their Detroit DPM 
proposal.? . 

The shuttle network configuration alternatives, synchronized and non-sychronized, 
were considered in SLT7, and it is recommended that only the synchronized alternative 
be used in future analyses since it services more trips. However, it is necessary to 
increase the allowable number of vehicles per train from four to six in order to 
provide adequate service. 
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4.3. l.4 SLT Deployments in a CBD Line-Haul Application - Four representative systems are 
deployed in the CBD Line-Haul demand environment. The network of Figure 4-7 displays 
the SLT8 deployment which is a multiple loop, low-speed LGRT system deployed in a low­
demand CBD line-haul application. Figure 4-8 illustrates the network for deployments 
SLT9, SLTlO, and SLTll; this network is identical to the network proposed for the Downtown 
People Mover system in the city of Houston. The open loop network contains eight stations, 
two of which are also bus transfer stations, on a one-way loop which collapses to line-
haul service through the business area. In addition to the two intra-city bus terminals, 
extensive parking facilities are provided at both ends of the network. 

The multiple loop network employs the same stations as the open loop network 
(except for some slight relocation, as discussed in Section 3 .5.4 and two additional sta­
tions located in the business and retail areas which are not serviced by the DPM network 
as proposed by Houston). Travel from one end of the network to the other end has been 
somewhat inconvenienced, when compared to the open loop network, at the gain of addi­
tional area coverage and expected improvement of service within each loop area. 

As in the previous SLT analyses, the deployments in the CBD line-haul application 
are to be evaluated with an average wait time service goal of five minutes . If the average 
wait time exceeds this limit, the deployment's operational characteristics are adiusted so 
as to reduce the wait time. Additional service goals have not been identified; however, 
the intense peaking of the bus transfer data (as discussed in Section 3.5.4) is expected to 
require such a high level of service that any service goal specifications would automatically 
be met. 

The remainder of this section is divided into five segments. The first four segments 
contain the descriptions and network flow analyses of the four SLT deployments. The final 
segment contains a summary of the network flow analyses for deployments in this applica­
tion and a discussion of the multiple loop network's two additional stations. 

SLT 8 

The eighth SLT deployment, as illustrated in Figure 4-7 is a multiple loop network 
deployed in a low CBD demand level environment with low-speed LGRT vehicles. One 
station at each end of the network, Stations 3 and 8, simultaneously serve as AGT stations 
and bus transfer stations. Consequently, these stations service a very large number of 
passengers during the morning and evening peak hours when the bus transfer passengers 
change modes in Stations 3 and 8. 
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Total lane length - 3.6 km 
Sing le lane guideway length - 3. 6 km 
Number of stations - 10 
Type of stations - On-line 

BT - bus transfer station 
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FIGURE 4-7. SLT 8: LOW-DEMAND CBD LINE-HAUL APPLICATION 
USING A LOW-SPEED LGRT 

162 



Total lane length - 3.6 km 
Double lane guideway length - O. 9 km 
Sing le lane guideway length - l • 8 km 
Number of stations - 8 
Type of stations - On-line 
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FIGURE 4-8. SLT DEPLOYMENT IN A LOW-DEMAND CBD LINE-HAUL APPLICATION 
(SLT 9: low-speed LGRT, low-CBD demand level; SLT l 0: low-speed SGRT, 
low-CBD demand level; SLT 11: low-speed SGRT, high-CBD demand level) 
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Network flow analysis is accomplished by first determining link loads, then calcu­
lating the system's ability to service those loads. The system characteristics upon which 
the network flow analysis is based are: 

• Vehicle capacity between 70 and 109 passengers 
• Maximum of two cars per train 
• Cruise velocity of 48 km/h 

2 • Acceleration/deceleration rate of 1 .0 m/s 
• Station dwe 11 ti me of 30 s. 

For the multiple loop alternative, various deployments of the individual loops ore 
possible. Vehicles on the two loops con be synchronized to better facilitate transfers at 
Station 5. As detailed below, the demands ore such that one vehicle per link is required 
on each loop and, to better facilitate vehicle flows, all vehicles leave their stations 
simultaneously. Consequently, vehicle synchronization at Station 5 is automatic. The 
second alternative which should be considered is the direction of travel on the loops. 
Each loop can be traversed in either a clockwise or counter-clockwise direction, resulting 
in four possible combinations of network deployment. In order to restrict the number of 
necessary analyses while simultaneously considering all of the combinations, two network 
deployments are analyzed: 

1. Clockwise travel on the north loop and counter-clockwise travel on the south 
loop 

2. Counter-clockwise travel on the north loop and clockwise travel on the south 
loop. 

These combinations allow both directions of travel to be analyzed and permit fairly 
accurate assumptions to be made about the two remaining combinations. 

As in the CBD circulation analysis, certain links were added to the network so 
that accurate assignment of trip time penalties to passenger travel times could be accom­
plished during the modeling of link loads. Figure 4-9 illustrates a schematic of the trans­
fer station and its four adjoining stations. The results of implementing the link load 
analysis ore shown in Tables 4-16 and 4-17for the north loop clockwise/south loop coun­
ter-clockwise alternative during the a.m. peak hour (7:00 - 8:00) and the p . m. peak hour 
(4:00 - 5:00), respectively. Tables 4-18 and 4-19 detai I the link loads for the north loop 
counter-clockwise/south loop clockwise alternative for the a.m. and p.m. peak hours, 
respectively. The station-to-station demands from which these link loads are derived ore 
detailed in Tables 3-44 through 3-47. 

Analyzing the data in Tables 4-16 and 4-17 first, it con be seen that the maximum 
link load occurs on Link (8,7) in the morning rush hour (3,932 passengers per hour) and on 
Link (9,8)(3,825 passengers per hour) during the evening rush hour. This is as expected 
since the station-to-station demand matrices, Tables 3-44 and 3-45, show that more passen­
gers access Station 8, one of the bus transfer stations, in the morning and egress it in the 
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TABLE 4-16. 7:00 A.M. TO 8:00 A.M. LINK LOADS FOR THE LOW DEMAND CBD 
LINE-HAUL MULTIPLE LOOP APPLICATION USING LGRT VEHICLES 
(SOUTH LOOP C-C/NORTH LOOP C) 

-- --- - - - ·- ---·-··- - ·-- · - - --·-- -
A G T ~ f T __ }!_ 0 p I( L I ~ I( J p I p L c A c I N G s 

- - -- ·-- ------- --- ···- ----- . -- ---

--------· l l _~ ~ ___f_. N_ Q . .s__ LINK LINK 
f f,0~ ----- hCCE Tt "Ctlf lVP~ LO~O 

1 IC .~ LI" zs3c; 
2 1 Lrn 2S~5 
3 2 LIN 3162 

- ·-3 LIN 390 
~ 20~ LIN 2475 
1 t LIN 3561 
8 1 LIN 1c;32 
-':i 8 LIN 721__ 

_JO q LIN 920 
101 1 ACC "1 
102 2 ACC 30 
103 3 ACC 28<1', 
10ft It ACC !(~ 

10~ 4 LI" 1180 -
lC 5 2(15 )CFR 888 
105 305 EGR 1017 
lOf 6 ACC ltO 
107 1 ACC 15<) 

---- ---·- l _QJJ - 8 ACC 3548 

- --- 110 Hl ACC 16 
-·--- -- --- --- _ 205 -- IQ - !..IN 1462 
- - ----- -- 2Q~ 1.0.~ E.R 56-; 
-· ... - . 

____________ 20 5 _____ _ _ ~ C 5 __ EGR 1372 
405 105 ACC :n 

··---· ~t5 205 ACC 40 

LIN - Line-Haul Link 
ACC - Access Link 
EGR Egress Link 
XFR - T ronsf er Link 
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TABLE 4-17. 4:00 P.M. TO 5:00 P.M. LINK LOADS FOR THE LOW DEMAND CBD 
LINE-HAUL MULTILOOP APPLICATION USING LGRT VEHICLES 
(NORTH LOOP C/SOUTH LOOP C-C) 

-·- - -----------
..1.. G I ~ E _l__..h_ __ 0 R t< _ .... L____.._l ---'t-'-'----'-'K,_______.________,__,_____.___,___ ..___."'------"L....W.______..___._.__,,,__..___ J B I p L 0 A 0 I N G s 
--- - -···· --·· - . --··--·· ---·--· -
_____ 1 L t- t< _ ___ .f LJJ S ____ _ INK LrnK 
_______ -1EJJ1LJ\JlQ_f_ ______ .1.c___,__,r,'--c ___ o ___ e __ _ JYPE LCAO 

LIN ------ ___ _l_ ___ ____ __ . __ --------10~5~- ----~ -~- 5e1 
------ __ 2. -- - - - -- --- l ------~ LI~ 398 ~---· ·--- -
-- -------- ------ --·--- -----~ lt-i l~O -• 
- ---·- ·- - ·- ·- " ---•·--·- -------· __ 3 ______ ___,. LIN 251!1_ _ 
__ _ ____ f __ _ _ __.2...__.CL-<15'----------'~1----LIN 2128 

6 LIN BO '1 
8 _______ 7_,___ _____ __,.____ LIN 5 7 _J__ __ . ____ 

llN ------- ------ - c;_ _ ___ __,,__e _____ _____,. 382_5 
_____ j__,._0 _____ ~9.__ _____ ....___.._,..,___ __ __J~ LIN 2]42 
_ ______ __ lCI ______ ~-----~c.c 208 
--- ·-____ ___ _ JO 2 __________ 2=---------'--"==----- ---""' ACC 28c 
____ lQ3 3 ACC 11 ~ 

ACC - ---- --- - - -lo"-------- -·-"------~~ ~4J 
•·- -------JO~ _ __ 4 ___ _ LlN 2,15 

---- ______ _ _lQ5 _____ ,2Q5 _____ ~--'-'----'--'-----------XFR 220 
____ lC~ 305 ~.GR 24 

. ·---- --- - -Hlc __ ---- ~ _CC 1353 
107 7 ACC 267 

__________ 1 o e__ ___ a ACC 327 
ACC 1C87 -------- 1 QCj . ~---------'--'-=-=----------

- ________ _ llC ________ 10 _ ____ __.:.. ACC ~?2 
__________ 20~ ______ Hl _____ __.._ I f\ 2019 

----~o~ _ __ JQ5_ . )(fR f I. 
_ __ __.205 305 E(;R 59 
_______ 'fO~-------- lC~ _ ____ __.:.. A..C.C 1025 

------- ··---- ---~Q.5_ _ _ _ _ _ _.2_0..5_ ___ __ ----.L:..v.v. ___ _ ACC 667 

LIN - Line-Haul Link 
ACC - Access Link 
EG R - Egress Link 
XFR - Transfer Link 

167 



TABLE 4-18. 7:00 A.M. TO 8:00 A.M. LINK LOADS FOR THE LOW DEMAND CBD 
LINE-HAUL MULTILOOP APPLICATION USING LGRT VEHICLES 
(NORTH LOOP C-C/ SOUTH LOOP C) 

·--- -- - . - -·· ···-----------------·-·--- --------
_ .A _G.. __ L ___ .h__f_ LJL..C.._.f! __ ~ _ _ _.L..___._I~ ~ _.K..______.___,_,____L__,__ _ _._ I R I p L C 

1 . L _~ . ~ __ _.E._ _tL_.t. S . - ---~ -~~- -INK 
--- --- E F CJ,. hl:.D..f ___ J~C~ ts __ c ___ c __ E - - -

______ __ ..l_ 

·--- 2 
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LI ts ---- - - - - - -----~4 _____ __,~--"'-'-''---

_____ _ ........ '.'\ _ ____ ___.l._.CLA5'---------'..........,_.____ LIN 
6 7 LIN 
7 a LIN 

LIN - -----"'-------·-"c; _ _ _ __ _.,"-%. 

9 lO~-------~ - -LIN 
--- lG 205 ll~ 

ACC ·-· ·- _ 101 -- ---~1-----~ 
. . ______ _ }OZ __ ___ ____ . __ l ___ _ ACC 

--· .. ___ ____ J03 __ __ ______ _.3~ -----==-,.__ __ ACC 
ACC .... ·---- _104 ________ -·· -· -· 4-- - -----~-=----

- ____ 105 __ . l.,_ _ _ ___ --=........,_,_ __ LIN 
. ··-·· __________ lC~ _ _ __ 20.~. Xf.~ 

__ ll ~ ~ c 5 ______ __.._~--EGR -- ________ , c~ . - ~ ACC 
101 J ACC 

A 0 I 
-· 

LINK 
LCAC 

t:28 
3t2 

3141 
2396 
l"llC 
593 

18<J8 
3JC9 
3153 

ZQ 
~o 

28<J7 
42 

1C39 
9Q1 

1057 
29 
37 

_______ _ _ __ 108 ~8-----~~ =---~ ACC 3t44 
-------- 109___ _ ~ - ACC ~ 

ACC . ____________ 11 C _ _ ________ 1c__ --- ----'-__,.___,._ ___ _ 9 
_. -·· ___ 295 _ _________ 6_ _ _ _ _ _ ___ lN 2215 

--- __________ 205_ --- ----- -- 105 -- ----~ ~F~ 551 
20: 3C5 EGR 1351 

ACC - -~'10.5.__ .. 1.0.c~., -------"-'~-- 56 
It C ~ _-2.C ..... 5 _____ --"o..M..M--ACC 61 

LIN - Line-Haul Link 
ACC - Access Link 
EG R - Egress Link 
XFR - Transfer Link 
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TABLE 4-19. 4:00 P.M. TO 5:00 P.M. LINK LOADS FOR THE LOW DEMAND CBD 
LI NE-HAUL MULTI LOOP APPLICATION USING LGRT VEHICLES 
(NORTH LOOP C-C/SOUTH LOOP C) 

·- -·----- ·----··- ·- ·- · - ·-- .. 

_!__ G T l fc I e L C ~ c I ~ t s 
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-- --- ·-·----- --·---- •------·. 2 _____ _ LIN 2387 

LIN ---- z.___ .,,._3 ____ _ ___,~ 2t~-- - -
LIN - ·-·- - ----- ----------~"------ --- 271_ 
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8 9 LI f\i t: ', <; 

LIN -- -~---- J =-0------=~ 1790 
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-- -·-- ______ 10't ____ ___ _ 4, ______ =~---~~ 
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ACC 3 6 4 - ·- ' 
lltii __ 1Q5 ~1------= 2249 

______ .1. Q 5 2 , _5 _ ____ _ _,_,_,_..:...:.__ ___ ____..!::.= __ _ )(FR 238 
1Q5 . 305 EGR 35 

~cc ____ __ _ l Q t _____ --=6--- --~ 1343 
101 7 ACC 243 

ACC _ ___ 108 8 _ _____ _ 321 
ACC _______ 1 OS q ____ _ _ 1091 
ACC . _______ 11 o - ---·--·- 1 o ______ ...c... 666 

---=205 6 L LN 2'i61 
-~~o~ __ io~------- )IF R 860 

205 305 EGR 35 
ACC ___ ---~- _________ 40 5 _ _______ 10 5- --- -----'---= 1044 
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LIN - Line-Haul Link 
ACC - Access Link 
EGR - Egress Link 
XFR - Transfer Link 
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evening than any other station. The link loads on the downstream link of Station 3, the 
north loop bus transfer station, are also quite significant at 3162 passengers per hour 
during the morning rush hour, and on upstream link load of 2519 passengers per hour 
during the evening peak. To accommodate these loadings, it is necessary to employ 
either several vehic les (or trains) with intermediate capacities or fewer large-capacity 
trains . The smaller vehicles operating at short headways ore preferable to large trains 
running at longer headways for the following reasons: 

• Smaller vehicles are more appropriate for the low, off-peak demands. 

• Shorter headways prevent large numbers of passengers from queuing in the 
stations, thereby reducing the station size requirements. 

Single 70-passenger vehicles operating at one- minute headways provide a link 
capacity of 4200 passengers per hour, which is greater than any of the expected link loads. 
However, to attain 60- second headways it is necessary to have six vehicles on the north 
loop and seven vehicles on the south loop since the round trip travel times for the loops 
are 6.4 minutes and 7.22 minutes, respectively. With six vehicles on the north loop, it 
is possible that a vehicle may be required to come to a halt on the guidewoy since there 
are only five stations and travel times between stations vary significantly, as shown in 
Table 3-29. To prevent this kind of stoppage, only five vehicles will be used on the 
north loop and six vehicles on the south loop, or one vehicle per link. With one vehicle 
per link the headway becomes 1.47 minutes on both the north and south loops, assuming 
that vehicles leave their stations simultaneously.(As shown in Table 3-40, the longest link 
travel times on both loops is approximately 88 seconds or 1.47 minutes; therefore, vehicles 
on the shorter links will have longer station dwell times.) With a headway of 1.47 
minutes,the 97-passenger vehicles provide a link capacity of 3959 passengers per hour. 
Clearly then, the SLT8 deployment is capable of servicing the peak demands but may be 
providing excess capacity during the off-peak periods. 

From Table 3-42 it can be seen that the off-peak station-to-station demands are 
very small in comparison to the peak period demands. The 97-passenger vehicle operating 
at a headway of 6.4 minutes and 7.22 minutes on the north loop and south loop, respec­
tively (these headways are obtained by employing one vehicle per loop), provides a link 
capacity of 909 passengers on the north loop and 806 passengers on the south loop. Since 
there are only 4193 passenger.; traveling during the entire off-peak interval of 12 hours 
(Table 3-42), the link capacity provided by a single 97-possenger vehicle operating on 
each loop is assumed to be quite adequate. However, two vehicles per loop might be 
required in order to comply with any specified passenger· trip time service goals. 

Analysis of the north loop counter-clockwise/south loop clockwise alternative is 
very similar to the analysis above in that the vehicle headway is 1.47 minutes and only 
five vehicles can be used on the north loop and six vehicles on the south loop. Using the 
link loads shown in Table 4-18 and 4-19, it can be seen that the loads on the south loop 
are higher than those on the north loop. The maximum load of 3953 passengers per hour 
occurs on link (7, 8) during the evening rush hour • . The 97-passenger vehicle, opera-:­
ting at a headway of 1.47 minutes, is capable of servicing this demand since it provides a 

I ink capacity of 3959 passengers per hour. 
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As discussed in Section 3.5.4, there is essentially no variation between the number 
of trips made on the north loop clockwise/south loop counter-clockwise alternative and the 
north loop counter-clockwise/south loop clockwise alternative. Therefore, the direction 
of travel which results in the lower peak link load on the individual loops is to be consi­
dered in future analyses of the SLTB deployment. During the a .m. peak hour, the maximum 

link loads for the north loop are almost identical at 3162 and 3142 passengers per hour for 
the clockwise and counter-clockwise alternatives, respectively (taken from Tables 4-16 
through 4-19). During the p.m. peak hour, the clockwise direction of travel results in the 

lower link load per hour (2519 versus 2646). Therefore, in future SLTB analyses the 
clockwise alternative is considered for the north loop. 

The peak link loads for the south loop are detailed below (taken from Tables 4-16 
through 4-19): 

a.m. 
p.m. 

Clockwise 

3898 
3953 

Counter-Clockwise 

3932 
3825 

The difference in the link loads is greater during the p.m. peak hour than during the a.m. 
peak hour. The counter-clockwise direction of travel results in a lower link load during the 
p.m. peak. Therefore, the counter-clockwise direction of travel for the south loop is used 
in future ana I yses of the SL TB deployment. 

In summary, the LGRT system operating on a multiple loop network does provide 
adequate service for the low demand CBD environment. The direction of trove I which 
best services demand is for travel to flow in the clockwise direction on the north loop and 
the counter-clockwise direction on the south loop. 

SLT 9 

The SLT9 deployment, as illustrated in Figure 4-8, consists of an open loop net­
work deployed in a low-demand level CBD environment with low-speed LGRT vehicles . 
The network and station locations are identical to those proposed by t he city of Houston 
for their DPM system. All stations are on-line with Stations 1 and 6 also serving as bus 
transfer stations where passengers can transfer from bus service to the AGT system. A por­
tion of the guideway closes on itself to form two-way line-haul links where center 
platform stations are employed. 

Using the same system characteristics as defined for SL TB, the station-to-station 
demands for this network (as shown in Tables 3-36 and 3-37 for the a.m. and p.m. peak · 
hours) were used to generate the link loads shown in Tables 4-20 and 4-21 for the a.m. and 
p .m. peak hours, respectively. 

There are several links which hove loadings in excess of 3000 passengers per hour; 
however, the maximum loading occurs on Link (6, 7), during the a.m. peak, which carries 
3793 passengers per hour. Therefo,e, as in the SLTB analysis, one vehicle per link is 

171 



TABLE 4-20. 7:00 A.M. TO 8:00 A.M. LINK LOADS FOR THE LOW DEMAND CBD 
LINE-HAUL OPEN LOOP APPLICATION USING LGRT VEHICLES 

A G T N E T W 0 R K L I N I( T R I P L 0 A O I N G S 

L I N K E N 0 S ll~K Ll~K 
FROM NOOE TO NOOE TYPE LOAD 

1 2 LIN 3C35 
2 3 LIN 2555 
2 8 LIN ~15 

- 3 2 LIN 1090 
3 4 LIN 1542 
4 3 LIN 21t 13 
~ 5 LIN 794 
5 6 LIN 590 
6 1 LIN 37c;3 
1 4 LIN 3324 
8 1 LIN 151 

101 1 ACC 3010 
102 2 ACC 58 
103 3 ACC 129 
10~ 4 ACC 51 
105 5 ACC 6 
106 6 ACC 351tl 
107 1 ACC 62 
1C8 8 ACC 33 

LIN - Line-Haul Link 
ACC - .Access Link 
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TABLE 4-21. 4:00 P .M. TO 5:00 P .M. LINK LOADS FOR THE LOW DEMAND CBD 
LINE-HAUL OPEN LOOP APPLICATION USING LGRT VEHICLES 

A G T ~ E T l- C p " L I ~ K T p I p L C A C I N r: s 

l t I\ K E N D C LTNI< Lf "K 
FF C fol "CCE TC "()CE 1YPE LCAO 

1 2 LI" 14 7 

2 3 LIN 17( 

2 a LT~ 2c;40 

3 2 LIN 2477 

3 4 LIN €C5 
4 3 LIN 14g7 
4 5 LIN 2050 
5 6 LIIIJ 3 12c; 
t 1 LYN 554 
1 4 LIN 784 
8 l LIN 3201 

lCl l ACC 123 
102 2 ~cc 544 
103 3 ~cc 1744 
104 4 ACC 2019 
105 C ACC l C <; 3 

106 6 ACC 328 

10 l 1 ACC 267 
l08 8 ACC 291 

LIN - Line-Haul Link 
ACC Access Link 
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employed in order to provide consistent service and reduce the probability of developing 
long passenger queues. It is assumed that these vehicles will be controlled so as to depart 
simultaneously from their stations. Since the longest link travel time is 88 seconds, as 
detailed in Table 3-29, the headway for this network is 88 seconds (i.e., 1.47 minutes). 
Using 93-passenger vehicles operating at this headway, a link capacity of 3795 passengers 
per hour is attained--sufficient capacity to service even the maximum link load. Since the 
off-peak demands are relatively low, it is assumed that the 95-passenger vehicle can pro­
vide adequate capacity to service these demands, and that the service goal requirements, 
rather than demand, determine the number of vehicles to be operated. 

SLT 10 

The SLTlO deployment employs the same . network as SLT9, as defined in Figure 4-8, 
in a low C BO demand environment. But, instead of employing LGRT vehicles, SGRT vehi­
cles are used. The SGRT veh.icles have a capacity range of 7 to 24 passengers, as opposed 
to the 70 to 109 passenger capacities of the LGRT vehicles, and can train up to three 
vehicles. As discussed in Section 3 .5.4, the station-to-station demand matrices for the 
SLT9 and SLTlO deployments are identical; therefore, the link loads for the two deploy­
ments are identical. Consequently, the maximum link capacity which must be serviced 
is 3793 passengers per hour (as determined from Tables 4-20 and 4-21). As in the analysis 
of SLT8 and SLT9, only one vehicle or train per link is employed, resulting in a headway 
of 1.47 minutes. Using 24-passenger vehicles in four-vehicle trains, an hourly link capa­
city of 3918 passengers is attained. This capacity is capable of servicing the peak hour 
demands and, based upon analysis of the previous CBD line-haul applications, it is assumed 
that the off-peak demands can also be serviced within the specified service goals. How­
ever, it is necessary to increase the number of SGRT vehicles allowed to operate in a 
train from three vehicles to four. Alternatively, the number of three-car trains can be 
increased to serve the demand. Reducing the headway to 1.14 minutes with three-car trains 
results in adequate capacity being provided. However, the operational implications of 
this headway with an on-I ine station configuration must be evaluated. These alternatives 
wil I be analyzed during the trade-off analysis of this deployment. 

SLT 11 

This deployment is identical to the SLTlO deployment except that a high demand 
level rather than a low demand level is employed. As discussed in Section 3.5.4, the peak 
period station-to-station demand matrices of the . SLT9 deployment (which are also the 
matrices for the SLTlO deployment) need only be multipled by a factor of two in order to 
obtain the SLT 11 station matrices. Consequently, the peak hour link loads are a factor 
of two greater for the SLT 11 deployment than the SLT9 deployment (i.e., doubling the 
link loads in Tables 4-20 and 4-21 results in the link loads for SLTl 1 during the a.m. and 
p • m. peak hours). 
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To service these doubled demands, the system capacity of SLT 10 must be doubled. 
This is accomplished by either doubling the vehicle capacity or doubling the number of 

vehicles per train. Vehicle capacity cannot be doubled without changing the system 
type. Increasing the train length to eight vehicles is not practical for this network. 
Consequently, the system type is changed from SGRT to LGRT so that the high CBD 
demands can be serviced by th is deployment. 

Note that the SLT 11 deployment is identical to the SLT 9 deployment except 
for the difference in demand levels. By doubling the capacity of the SLT 9 deployment, 
the demands of the SLT l l depfoyment can be serviced. By increasing the number of 
vehicles per train from one to two while maintaining the same headway, the desired increase 
in capacity is achieved. 

In conclusion, it appears that the SLT 11 deployment, if redefined to deploy 
LGRT rather than SGRT vehicJes, can service the applied demand. 

Summary 

The four SLT deployments identified to serve the CBD line-haul application were 
all found to warrant further analysis. The SLT8 multiple loop deployment will be analyzed 
further with a clockwise north loop and a counter-clockwise south loop. The three open 
loop deployments will be analyzed further with a counter-clockwise direction of travel. 
A II of the deployments were found to require one vehicle or train per link in order to 
service demands. 

Two deployments required possible modifications in their definitions or system 
characteristics. The maximum number of vehicles per train for the SLTlO deployment 
may be changed from three to four to increase its capacity sufficiently to service demands. 
The SLTl l deployment is redefined to employ LGRT rather than SGRT vehicles since the 
small vehicles are incapable of servicing the high-demand level. 

The value of the two additional stations· on the multiple loop network is to be 
considered. From Tables 3-41 through 3-43, it can be seen that the demands to and from 

Stations l and 10, the additions, are small (but within the same range as the other 
station demands, with the exception of the bus transfer stations). Since the main objec­
tive of analyzing different network configurations is to compare their service charac­
teristics, and since no data is available on how many bus transfer trips the additional 
stations would generate, the two extra stations will not be deleted at this time. 
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4.3.2 Representative ART Deployments 

Two ART deployments, as defined in Table 4-2, have been identified for analysis 
in the SOS project. The first deployment is analyzed in the High CBD Orientation, 
High Reverse Commutation Metropolitan demand erivironment while the second deployment 
is analyzed in the High CBD Orientation, Low Reverse Commutation Metropolitan 
demand environment. 

plication - The 
ART 1 representative system is dep oy in a Hig rientation, Hig Reverse 
Commutation metropolitan application represented by the demand environment of 
Cincinnati. This partially connected grid is intended to serve the station locations and 
travel corridors identified in the long-range transportation plan 16 for the Cincinnati 
metropolitan area. The network, as shown in Figure 4-10 has 28 on-line stations and 
three Y junctions which allow travel only in the direction pictorially implied. In this 
network each link represents dual-lane guideway. 

4 0 3.2 0 2 ART De lo ent in a High CBD, Low Reverse Metro 
ART 2 representative system epict in Figure , is ep oy in a Hig 
Orientation, Low Reverse Commutation metropolitan application which is represented 
by the demand environment of Washington, D .C. The partially connected grid for 
this deployment is identical to a portion of the networkof the planned Washington, D.C. 
Metro System. In this particular network there is no switching at + junctions, and 
switching capabilities at Y junctions are only in the directions pictorially implied . 

4.3.3 Representative GRT Deployments 

A total of four GRT deployments are defined for analysis in the SOS program. 
These deployments contain networks which are either fully or partially connected grids 
and employ GRT vehicles of either the small or intermediate size in metropolitan area 
environments. 

4.3.3.1 GRT Deployments in a High CBD, High Reverse Metropolitan Application - Two 
representative GRT systems are deployed in the High CBD Orientation, High Reverse Com­
mutation Metropolitan demand environment which is modeled ofter the Cincinnati demondso 
The first deployment, GRT 1, is a multiple loop network, Figure 4-12, deployed with o 
high-speed IGRT system o This network is based on the station locations and travel conditions 
identified in the long-range transportation pion for the Cincinnati metropolitan oreao 16 
The cluster of four dots represents one station where passenger transfers ore mode between 
the four separate loops. Transfers also occur between two loops at another location, as 
indicated in the figure. This arrangement of loops is proposed because each corridor is 
expected to hove distinctly different demand densities, and each one con be operated 
to obtain a unique link capacity. 

The second representative system, GRT 2, is deployed in a High CBD Orientation, High 
Reverse Commutation Metropolitan application on a fully connected grid network 
(Figure 4-13)using high-speed IGRT vehicleso Full switching capabilities are provided 
at al I three of the Y intersections. The station locations are identical to the station 
locations of the GRT 2 deployment described above o 
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FIGURE 4-10 ART 1: HIGH CBD ORIENTATION - HIGH REVERSE 
COMMUTATION METROPOLITAN AREA APPLICATION 
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FIGURE 4-11 . ART IN HIGH CBD ORIENTATION · LOW REVERSE COMMUTATION 
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FIGURE 4-12. GRT 1: HIGH CBD ORIENTATION - HIGH REVERSE 
COMMUTATION METROPOLITAN AREA APPLICATION USING A 

HIGH-SPEED IGRT ON A MULTIPLE-LOOP NETWORK 
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4o3o3.2 GRT Deployment in a Low CBD, High Reverse Metro olitan A lication - One 
representative system, GRT 3, is dep oyed in a Low BD Orientation, Hig Reverse 
Commutation Metropolitan application which is represented by the Detroit metropolitan 
demand environment. The network of Figure 4-14 is deployed with a high-speed IGRT 
system and is a coarse density, area-wide fully connected grid. All Y and+ junctions 
are fully connected. All guideway is dual-lane except the loop around the CBD (connecting 
stations 6, 7, 8, 9, 10, 11, 12, 13, and 14) which is single-lane guidewayo 

ents in a High CBD, Low Reverse Metro olitan Application - The 
GRT 4 dep oyment, as s own in Figure 15, is a fu y connected grid networ deployed 
with high-speed SGRT vehicleso The network is almost identical to the ART 2 network 
except for the downtown bypass line and the full switching capability. All Y and+ 
junctions in this network are fully connected. 

4 .3A Representative PRT Deployments 

Two PRT representative systems are defined for analysiso These systems are 
deployed in two very different demand environments: a High Demand CBD Circulation 
application and a Low CBD Orientation, High Reverse Commutation Metropolitan 
application. 

4 . 3A. 1 PRT Deployment in a CBD Circulation Application - The representative system 
PRT 1 is deployed in a High-Demand CBD Circulation application derived from the 
Detroit CBD demand environment. The deployment consists of a fully connected grid 
network (shown in Figure 4-16), with a low-speed PRT system. Stations 1 through 11 
are identica l to the Stations l through 11 in the SLT 3-7 networks (shown in Figure 4-3). 
The outside stations for the two networks are located in approximately the same locations, 

but the three additional stations of PRT l provide service to an intra-city bus terminal 
area and a park and office area which are not serviced by the SLT networks. 

4 . 3.4.2 PRT Deplo ent in a Low CBD, High Reverse Metro olitan A licat ion - The 
representative system PRT 2 is ep oy rientation, Hig Reverse 
Commutation Metropolitan appl ication as represented by the Detroit metropolitan demand 
environment, and it employs a high-speed PRT system. Figure 4-17 illustrates the 
medium density, area-wide, fully connected PRT 2 network. All Yand + junctions 
are fully connected. The network is a grid composed of single-lane guideway, and 
because of this, a preliminary analysis of link directionality was performed. 
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In a high level flow analysis of the original PRT 2 network shown in Figure 4-17, 
it was discovered that the orientation of the links in the network are such that all the 
flow-out of a large portion of the network is funnelled through a single link. The 
particular link is that which contains station 64, and the region it influences is shown 
as the shaded portion in Figure 4-17. This link experience:.. high flow rates and will 
limit the overall system capacity as well as provide a I ikely site for failures with serious 
consequences o The likelihood of failures follows from the high density of vehicles on 
the link and hence the increased opportunity for failure. The seriousness of the con­
sequences follows from the large fraction of the total stotion-to-:.totion paths which ore broken 
by the stoppage of flow on this link. 

Ideally, the links of a network should be oriented so that stoppage of flow on a 
single link will not disconnect the networko That is, there should be at least two distinct 
paths from each station to every other station o Unfortunately this is not possible since 
each station is located on a stretch of single guideway and not at a junction of the 
networko However, it is feasible to try to orient the links :;o each junction which 
connects four links has at least two paths to every other such junction. One way to 
ensure this connectivity is to orient the links in the network so that a subset of these 
I inks forms two sets of loops; one set oriented horizontally and the other vertically, as 
shown below in Figure 4-18, so that the network junctions I ie at the cross-over points 
of the loops. Using this schema, all the .junction points have the property that they 
pemain connected when any single link is removed. For a network with a radial shape 
such as the PRT 2 network the analogous arrangement is shown below in Figure 4-19. 

FIGURE 4-18. HORIZONTAL/ VERTICAL NETWORK ORIENTATION 
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FIGURE 4-19. RADIAL NETWORK ORIENTATION 

Unfortunately, for several reasons, it is not possible to strictly apply the above 
schema to the PRT 2 network. For example, one problem is that the network has an odd 
number of 'spokes'. Using the schema in Figure 4-19 as a guide the new network shown in 
Figure 4-20 was generated. The shaded links in Figure 4-20 are the links which were 
reoriented to form the new network • This network st i 11 has a few I inks whose remova I 
will disconnect the network but the consequences of such removals are much less than 
those for the original network. 

Indeed, the most critical link in the new network is the one near the top which serves 
station 4. Its failure will disconnect the upper lobe of the network. However, since 

· this upper lobe is connected to the main network with just three links, no reorientation 
of the link directions could prevent this section of the network from being vulnerable 
to a single link failure. 
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4.4 SUMMARY OF NElWORK CONFIGURATIONS 

Nineteen representative systems have been defined for analysis in the SOS program. 
These deployments ore categorized into four deployment types: 

1. Shuttle Loop Transit (SLT) - 11 deployments 
2. Automated Ra i I Transit (ART) - 2 deployments 
3. Group Rapid Transit (GRT) - 4 deployments 
4. Personal Rapid Transit (PRT) - 2 deployments. 

A network flow analysis of the SLT deployments is documented in Section 4.3.1, and two 
changes in the initial deployment definitions resulted from the analyses. The LGRT system 
of the SLT 2 deployment provides an excess capacity during all time periods; consequently, 
the representative system is redefined to employ an IGRT system. The S LT 11 deployment 
is incapable of servicing the high CBD line-haul demands with a SGRT system; therefore, 
the representative system is redefined to use a LGRT system . Table 4-22 contains the re ­
vised summary of the representative system deployments. As a result of the ne twork flow 
ano lysis for the SLT 10 deployment, it may be desirable to increase the maximum tra in con­
sist for SGRT systems from three to four vehicles. No further changes in definitions are indi­
cated for any of the other representative systems. 

The SLT network flow analyses have resulted in the selection of a single network 
flow alternative for each representative system. Tobie 4-23 summarizes the conclusions. 
No alternatives were considered for the SLT 1 and SLT 4 deployments since no other alter­
native is possible without altering the network type. 

The ART deployments and the GRT deployments are all area wide two-way 
branching or grid networks. The PRT 1 deployment is a cog arrangement of four small 
one-way loops. The PRT 2 deployment is an area-wide one-way grid where preliminary 
link directional analysis has revealed bottleneck situations and necessitated a link 
reorientation. 
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TABLE 4-22. REVISED SUMMARY OF REPRESENTATIVE SYSTEMS DEPLOYMENTS 

Deployment System Type Network Type Demand Type 
Descriptor Vehicle Speed 

SLT-1 LGRT Low Shuttle Activity Center Line-Haul 

SLT-2 IGRT Low Multiple loop Activity Center Ci rculation 

SLT-3 IGRT Low Open loop, one-way CBD circulation, m~1um demand 

SLT-4 IGRT Low Open loop, two-way CBD circulation, medium demand 

SLT-5 IGRT Low Open loop, one-way CBD circulation, high demand 

SLT-6 LGRT Low Open loop, one-V10y CBD circulation, high demand 

SLT-7 IGRT Low Shuttle CBD circulation , low demand 

8 
SLT-8 LGRT Low Multiple loop CBD line- haul, low demand 

SLT-9 LGRT Low Open loop, one-way CBD line-haul, low demand 

SLT-10 S~-RT Low Open loop, one-wa_v CBD line-haul, low demand 
SLT-11 LGRT Low Ooen looo. one-wav CBD line-haul, high demand 
ART-1 ART High Partially connected grid Metropolitan Area - high CBD, high reverse commutat ion 

ART-2 ART High Partially connected grid Metropolitan Area - high CBD, low re verse commuta tion 
ut<l-1 IGRT High Multiple loop Metropolitan Area - high CBD, high reverse commutation 
GRT-2 IGRT High Fully connected grid Metropolitan Area - high CBD, high reverse commutat ion 
GRT-3 SGRT High Fu 11 y connected grid Metropolitan Area - low CBD, high reverse commutation 
GRT-4 IGRT Hign Fully connected grid Metropolitan Area - high CBD, low reverse commutat ion 
PRT-1 PRT Low Fully connected grid C BD c,rculation, high demand 
PRT-2 PRT High Fu I ly connected grid Metropolitan Area - low CBD, high reverse commuta t ion 



TABLE 4-23. SLT FINAL NETWORK FLOW ALTERNATIVES 

Deployment Network 
Final Network Flow Alternative 

Description Type 

SLT 1 Shuttle No alternative 
SLT 2 Multiple loop Center loop is two-way 
SLT 3 Open loop, one-way Counter-clockwise travel 
SLT 4 Open loop, two-way No alternative 
SLT 5 Open loop, one-way Counter-clockwise travel 
SLT 6 Open loop, one-way Counter-clockwise travel 
SLT 7 Shuttle Unsynchronized 
SLT 8 Multiple loop North loop clockwise, south loop 

cou nte r-c loc kw i se 
SLT 9 Open loop, one-way Counter-clockwise travel 
SLT 10 Open loop, one-way Counter-clockwise travel 
SLT 11 Open loop, one-way Counter-clockwise travel 
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6.0 GLOSSARY 

Asynchronous 

Operation of vehicles under velocity control or in the vehicle-follower mode with 
speed changes allowed to prevent potential merge conflicts. 

Automated Guideway Transit (AG T) 

Computer-controlled troiisit system operating in demand or scheduled service on a 
fixed, exc I usi ve gui dewoy . 

Automated Rai I Transit (ART) 

A class of AGT systems which provides multiple-stop service, carries at least 100 
passengers in its minimum train consists, operates at speeds equal to or greater than 55 
km/l, , and generally runs at headways of more then 1 minute. 

Availab ility-factor Relationships 

The sensitivity of the vehicle ond passenger ovoilobility measures t o changes i n 
parameters which affect either system reliobi lity or failure management strategy . 

Average Queue Transit Time (TQ) 

Average time required to move through a platform boarding queue during a period 
of congestion such as the peak hour. For a particular station the value is calculated as 
the difference between the overage wait time and one-half the average route headwa y . 

Capitol Cost (base year) 

The initial cost of deploying o system expressed ·in base year (1977) dollars. Capi ­
tal cost is the sum of guideway construction cost, passenger station construction and 
equipment cost, AG T vehicle cost, central control construction ond equipment cost, 
maintenance facility col"lstruction and equipment cost, power distribution system instollo­
tion cost, and feeder system costs including vehicles, maintenance facilities, and con ­
trol facilities. 
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Cota logued Procedure 

A pre-coded set of Job Control Language (JC L) stateme'"'ts that is assigned a name, 
placed in a data set, and may be retrieved and executed by one JC L statement. 

Central 8U$iness District (CBD) 

The downtown retail trade area of a city. As defined by the Census Bureau, the 
CBD is an oreQ of very high land valuation characterized by a high concentration of re­
tai I business offices, theaters, hotels, and service businesses, and by a high traffic flc,y.,. 

Centro I City (CC) of on SMSA 

The largest city in an SMSA. One or two additionol cities may be secoridory 
Central Cities in the SMSA. 

Central City (CC) of an Urbanized Area (UA) 

A city of at least 50,000 persons within closely settled incorporated and unincorporated 
areas that meet the criteria for urbanized ring (fringe) areas. A few UAs contain twin cities 
with a combined popualtion of at least 50,000. 

Cer,trol City Ring (CCR) 

The portion of a Central City not included in the CBD. 

Checkpoint Fi le 

A file created at a user-specified time by the Model Processor and containing ell 
data necessary to restart the MP from that time. 

Closed-loop Control 

Advancement of vehicles under generated control based upon the estimated sy,tem 
state. 

Control Block 

A specific section of guideway corresponding to a single control segment of a fixed 
block vehicle regulation and/or headway protection system. 
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Cruise Speed 

The constant velocity at which a vehicle travels a~er acceleration and prior to 
braking. This velocity is usually less than the maximum design speed, but c~n be equal 

to it. 

Crvsh Load Capacity 

The maximum total capacity which a vehicle is designed to accommodate. This 
limitation is defined by either a vehicle weight limitation or a passenger comfort criterion. 

Demand Activated Service Policy 

A service policy in which routes, which may include intermediate station stops, are 
generated in real time on the basis of passenger demand, i.e., point-to-point routing 
with demand stop. 

Demand Responsive Service Policy 

A service policy in which non-stop routes ore generated in real t ime on the basis of 
passenger demand, i.e., point-to-point routing with no intermediate stops. 

Demond Stop Service Policy 

A service policy in which vehicles travel on predetermined routes but stop at sta­
tions along the route only in response to specific passenger demand. 

Demand Type 

A system deployment parameter which specifies the demand environment on which a 
detailed demand model will be specified. Three metropolitan area demands and four ac­
tivity center demand types are identified: 

1. Metropolitan area - high CBD, high reverse commutation 
2. Metropolitan area - high CBD, low reverse commutation 
3. Metropolitan area - low CBD, low reverse commutation. 

1. Activity Center Line-Haul 
2. Activity Center Circulation 
3. Activity Center in High Demand CBD 
4. Activity Center in low Demand CBD. 
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Design Lood per Vehicle 

The nominal passenger capacity of each vehicle . 

Deterministic 

A strategy by which oil merge conflicts ore resolved before launch, and barring 
foi lures, each vehicle is assured of traversing the network in o predetermined time. 

Dial-A-Ride Service 

Transit service operated by generating vehicle paths in continual response to demand. 

Downtown People Mover (DPM) 

An AGT system deployed in a CBD environment, or the UMTA demonstration program 
to implement such systems. 

Empty Vehicle Management (EV M) 

A set of strategies which govern the disposition of active, empty vehicles not as­
signed to a fixed route nor enroute to service a passenger demand. Alternative strategies 
include: 

Circulation 

Vehicles are circulated on the network until needed to satisfy a demand. 
The distribution of circulating vehicles may be based on historical demand 
or on current demand patterns. 

Station storage - historical 

Vehicles are routed to stations for storage based on historical demand data . 

Station storage - real time 

· Vehicles are either stored in the station when they become empty or are 
· routed to other stations and stored based on current demand patterns. 
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Event Model 

A representation of an entity (a subsystem or process) in terms of discrete states of 
the entity and the time required to change from one state to another for use in a discrete 
event simulation. 

Fixed Block 

A longirudinal control or headway protection mechanization wherein blocks are 
hardwired to the guideway and each block transmits velocity or braking commands to the 
vehicle based on the occupancy of preceding blocks. For longitudinal control, the com­
mands may be altered by central or local control. For headway protection the blocks 
transmit either braking or velocity limit commands to vehicles which establish upper 
bounds for any other commands. 

Fixed Route Service 

Transit service operated on predetermined paths. 

Flow Capacity <f'c) 

A measure of system capacity in terms of passenger spaces per second past a point; 
the ratio of traveling unit capacity to average route headway. 

Fully Connected Grid (FG) 

A grid network in which vehicles proceed directly from one statior, to any other 
station without retracing any one- or two-directional portion of the guideway. 

Global Variables 

Variables stored in a common area and known by one name to all segments in­
cluded in the program . 

Grid 

Any guideway on which vehicles are presented with a choice of paths during nor­
mal operation. 
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Grid Transit (GT) 

A transit system deployed in any demand environment which uses an FG or PG 
networi( and has more extensive operational switching capability thCl'l a, MSLT. Gen­
erQlly shorter headways result than in MSLT. This category includes PRT systems and 
many systems which are often referred to as Group Rapid Transit (GRT). 

Guidewoy Interface 

The vehicle components which contact the guideway for support. Usually the interface 
is wheels; but in some cases, it is an air or magnetic levitation force. 

Headway 

A frequency of service measure: the mean time between vehicles passing a point 
along a route of known configuration. 

Headway Equation 

An analytic function which expresses the relationsl,ip between minimum headway 
and system parameters such as traveling unit (vehicle or trcin) length, cruise speed, ac­
celeration, communication delay, and expected position error. 

Intermediate Vehicle Group Rapid Transit (I GRT) 

A class of AGT systems which provides multiple-stop service and carries from 25 
to 69 passengers in its minimum train consist. Low speed IGRT systems have a maximum 
operating speed of 13 to 54 km/1, and tend to run at 15 to 60 s heodwoys. High speed 
I GRT systems operate at speeds greater than 54 km;n and at headways wh i eh usually fall 
between 15 and 90 s. 

Intersection 

An X-type merge with 2 input links, 2 output links, 4 rCITlp links, 4 tnrough paths, 
and eitner 2 or 4 queuing areas. 

Large Vehicle Group Rapid Transit (LGRT) 

A class of AGT systems which provides multiple-stop service, hos a minimum trcin 
consist capacity of 70 to 109 passengers, operates at a maximum speed of 13 to 54 km;n, 
and usually runs at headways of 30 to 90 s. 
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Lateral Control Interface 

Vehicle and guideway components that interface to control the vehicle 's lotero I 
movement. 

A guideway on which motion is unidirectional during normal operation (except 
possibly at short station segments or at ends of runs) and which is defined by a closed 
path. 

Loop of Closed Geometry (S) 

A simple loop as defined above which encircles no area. 

Macro 

A standard ccx:ie segment that is generated in-line at compile time by specification 
of single statement. 

Maximum Operating Speed 

The maximum speed at which a vehicle con travel. Th is limit is imposed by vehi­
cle and propulsion system design constro i nts. 

Merge Strategy 

A strategy for resolving merge conflicts. Three strategies ore considered· 

1. FIFO (first-in, first-out) 
2. Prescheduled 
3. Priority 

Metro Shuttle Loop Transit (MSLT) 

A transit system deployed in a metropolitan environment and having high speed 
capability but no or limited operational switching capability. The network may be of 
any type. If it is a grid network, however, the switching is of limited capability. Th is 
category includes most guideway transit systems currently deployed in metropolitan areas. 
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Minimum Traveling Unit 

The minimum number of vehicles with which a train can operate. For some sys­
tems the minimum traveling unit is a single vehicle. 

Minimum Traveling Unit Capacity 

The nominal capacity (not crush capacity) of a single vehicle times the number of 
vehicles in a minimum train consist. 

Moving Block 

A headway protection mechanization wherein an emergency protection zone 
which moves along with the vehicle is established around eoch vehicle. Emergency brak­
ing commands are issued to the traveling vehicle whenever its emergency protection zone 
infringes upon that of a leading vehicle. 

Multiple Loop (ML) 

Any network · consisting of two or more loops requiring that passengers transfer from a 
vehicle constrained to one loop to a vehicle constrained to another loop, if they wish to travel 
between two points not served by a single loop. 

Network Element 

Either a link, merge, or an intersection modeled in the DOCM. 

Network Type 

A system deployment parameter which specifies network configuration. Seven net-
work types ore identified: 

1. Shuttles (S) 
2. loop of closed geometry (L) 
3. Open loop, one-way (Ll) 
4. Open loop, two-way (L2) 
5. Multiple loop (ML) 
6. Partially connected grid (PG) 
7. F_ully connected grid (FG). 
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Nominal Capacity 

Vehicle capacity including seated and standing passengers as specified by the 
manufacturer according to a passenger comfort criteriol" . The overage area allotted to 
each standee is generally at least 2 . 5 square feet . 

Non-deterministic 

A strategy by which potential conflicts at merges ore not considered before launch 
but ore resolved locally in the vicinity of each merge. 

Off-Vehicle Feeder Travel Time for Access 

The mean time per person enroute to a specific AGT station for delay or non­
vehicle travel (includi"'g any walking to feeder route or waiting for feede r bus, transfer­
ring between vehicles, parking o car, or walking all the way), while going from zo"'e 
centroids too specific station . 

Off-Vehicle Feeder Travel Time for Egress . 

The mean time per person enroute from o specific AGT stat io"' for dela y or "'o,-,­
vehicle travel (including waiting at stations for bus, walking from route to destil'\Oti o,-, , 
transferring between vehicles, or walking all the way), while going from a specific sta­
tion to zone centroids. 

On-Vehicle Feeder Time for Access 

The mecn time per person enroute to a specific AG T stoti on spent aboard a feeder 
vehicle (including feeder bus or private auto), while going from zone centroids to a spe­
c ific station. 

On-Vehicle Feeder Travel Time for Egress 

The mean time per person el"lroute from a specific .AGT station spent aboard a 
feeder vehicle (including the feeder bus or private auto), while going from a speci fic 
station to zone centroids. 

Open-loop Control 

Advancement of vehicles by user~pecified control independent of system state . 
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Open Loop, One-Way (Ll) 

A single loop encircling an area and providing one-way circulation. 

Open Loop, Two-Way (L2) 

Two loops deployed side-by-side encircling an area and providing two-way 
circulation. 

PARAFOR 

A superset of FORTRAN utilizing PVl macros to add structured programming fa­
cilities to standard FORTRAN. 

Partially Connected Grid (PG) 

A grid network which does not qualify as a Fully Connected Grid (FG). 

Partitioned Data Set 

A type of file organization in which independent groups of sequen ti all y organized 
records, called members, are on direct-access storage. 

Poth 

A sequence of guidewoy links used by o vehicle to travel between two points on 
o network. 

Personal Rapid Transit (PRT) 

A class of PRT systems which provides non-stop point-to-point service, hos o mini­
mum traveling unit capacity of 3 to 6 passengers, and runs at very short headways, usu­
ally 3 s or less. Low speed PRT has a maximum operating speed of 13 to 54 km/h, while 
high speed PRT hos a maximum operating speed exceeding 54 km/h. 

Platoon Movement 

Simultaneous advancement of a r<:NI of vehicles or trains. 
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Practical Minimum Headway 

The minimum headway at which vehicles con operate under normal conditions. 

Prescheduled Pothing 

A vehicle pathii,g strategy in which the primary path from origin to destination is 
predetermined and specified for all station pairs. 

Precision Stopping Tolerance 

The tolerance within which a vehicle can stop at a given point. 

Quasi ~etermi nistic 

A strategy by which merge conflicts ore not resolved prior to launch, but informa­
tion about the future state of the network is used to launch vehicles ct times that provide 
a high probcbi lity of efficient merging. 

Quasi ~ynchronous 

Operation of vehicles under point-follower control but with change of control 
points allowed to resolve potential merge conflicts by advancing or slipping one or more 
slots. 

Reliability Block Diagram 

A diagram that illustrates whot equipment or combinations of equipment ore re­
quired for successful system operation. 

Representative System 

A collection of values for the following system characteristics and strategies · 

1. Vehicle characteristics 
2. <;;uideway characteristics 
3. System management strategies 
'4. Reliability characteristics 
S. Cost characteristics. 
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The range of values are chosen to be interrelated in such o way as to represent o genera l 
class of state-of-the~rt systems for the purpose of conducting system analyses within the 
SOS program. 

Representative System Deployment 

A specific combination of o representative system, demand type, and network con­
figuration defined for the purpose of conducting system analyses within the SOS program. 

Response Ti me 

A frequency of service measure; the mean time between a request for and the arrival 
of a dial-a-ride service vehicle. 

Ripple Movement 

Advancement of vehicles end trains Ol"le at a time for a row of stationary vehicles/ 
trains. 

Route 

A designated set of destinotior,s, usually defined by stations, to whi ch a ve hic le 
must trove I . The poth, or lir,ks, to be traversed between any two desti notions is not 
specified. 

Routing Strategy 

A strategy which identifies routes for vehicles/ trains. Two alternatives ore fixed 
routing and real time select routing. Real time routing is used only with demand respon­
sive service and demand activated service, while fixed routing is employed for demand 
stop and fixed route service policies. 

Rural and Scattered Urban (R&SU) 

The remaining rural and urban portions of counties not included as part of the ur­
banized ring of the UA, but still within the boundaries of the SMSA. Thus, with the ex­
ception of the New York and Los Angeles SMSAs, the SMSA consists of two components -
the UA and the Rural and Scattered Urban. Both New York and Los Angeles Urbanized 
Areas (UA 's) extend into counties outside the boundaries of the SMSA. 
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Scheduled, Real Time Pathing 

A vehicle pathing strategy in which the primary pat¼, from origin to destination 
is selected from among specified alternatives just prior to departure from the origin sta­
tion on the basis of current traffic conditions on the network. 

Sector 

An area serviceable by one vehicle in subscription service during o prescribed 
time interval for a specific demand density. 

Service Type 

Either non-stop (personal transit) or multiple-stop (group transit) service. 

Shuttles (S) 

A guideway on which bi-directional motion occurs during normal operation and 
which is defined by a single curve connecting two distinct end points. Also, any net­
work consisting of two or more simple shuttles, either following the same path or dif­
ferent paths. 

Shuttle Loop Transit (SLT) 

A low speed AGT system deployment in an activity center demand environment 
having any non~rid type of network. Thus, SLT system deployments require no opera­
tional switching but may require passenger transfers. 

Small Vehicle Group Rapid Transit (SGRT) . 

A class of AGT systems which provides multiple-party service, has a capacity of 
7 to 24 passengers in its minimum train consist, and usually operates at headways be­
tween 3 and 15 s. Low 1peed SGRT has a maximum operating speed of 16 to 54 km/l,, 
ond high speed SGRT a maximum of over 54 km/h. 

Standard Metropclitan Statistical Area (SMSA) 

A county or group of counties containing at least one city {or twin cities) with o 
population of 50,000 or more, plus adjacent counties which are metropolitan in charac­
ter and integrated economically and socially within the central city. 
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Switching Mechanism 

The mechanism, located either on the vehicle or the guideway, by which vehicles/ 
trglns are switched. 

Synchronous 

Operation of vehicles under point-fol lower control with no changes allowed in 
control points during a given guideway trip. 

Theoretical Minimum Headway 

The minimum headway at which two vehicles can travel, assuming there are no 
merges or on-line stations. 

Total Value Capital Cost 

The sum of all capital costs except interest expense over the life cycle period 
expressed in base year dollars. 

Urbanized Area (UA) 

An area containing a central city (or twin cities) of 50,000 or more population, 
plus the surrounding closely settled incorporated and unincorporated areas which meet 
certain criteria of population size and density (urbanized ring). UAs differ from SMSAs 
in that UAs exclude the rural portions of counties composing the SMSAs, as well as 
places that were separated by rural territory from the densely populated fringe 
around the central city. The components of the UAs include the central city, as defined 
above, and the urbanized rings, as defined below. 

Urbanized Ring (UR) 

Various areas contiguous to a central city or cities, which together constitute its 
urbanized ring, or "urban fringe," as termed by the Census Bureau. 

Variable Cost (base year) 

The annual cost of operating and maintaining o system expressed in base yeor (1977) 
dollars. Variable costs include maintenance costs, energy costs, and administrative 
costs for both the AG T and feeder systems. 

Vehicle Capacity 

When used in correlations of vehicle dimensions and cost to capacity, nominal 
vehicle capacity is assumed. However, the system simulations interpret vehicle capacity 
as the maximum number of passengers which can occupy a vehicle at one time. 
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APPENDIX: REPORT OF NEW TECHNOLOGY 

~~ork performed by GM Transportation Systems Division under contract 
DOT-TSC-122O in the area covered by this report resulted in the definition of 

a new set of travel demands and guideway networks for a group of representative 
Automated Guideway Transit (AGT) system deployments. 

Seven demand types are defined for these new scenarios and a representative 
locale of each type is chosen. Line-haul and circulation demands are prepared 

for both activity center and Central Business District (CBD) applications. 
Metropolitan area demands are computed for the first time using an approach 
based upon the degree of commutation into the CBD (C~O orientation) and 

commutation away from the CBD (reverse commutation). The three combinations 
with high CBD orientation and/or high reverse commutation are used here. 
Station-to-station demands are generated from zone-to-zone demands for the 

metropolitan area applications based on processes presented in this report. 

Seven guideway network types are defined: shuttle, loop, one-way loop, 
two-way loop, multiple loop, partially connected grid, and fully connected grid . . 
Network representations for use in the computer studies using the newly created 

software are developed for the selected applications. The results of network 
flow analyses, in which the compatibility between the network and the station­
to-station demand is evaluated, are presented for the representative SLT 

deployments. 
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