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ABSTRACT

Evaluation and Modeling of the Effect of Midblock Pedestrian Crossings
on Arterial Traffic

by
Naveen Kumar Veeramisti
Dr. Mohamed S. Kaseko, Examination Committee Chair
Associate Professor, Civil and Environmental Engineering
University of Nevada, Las Vegas

Unsignalized midblock pedestrian crossings are one of the critical components of
arterial streets designed to provide for safer crossing locations for pedestrians. These
crossings are often placed between signalized intersections that are far apart. However
when arterial segments with such crossings are being analyzed or designed, the effect of
the crossings was not normally t;aken into consideration. This is primarily due to the
inability of current traffic software in modeling these locations.

The objective of this study was to evaluate the effect of midblock pedestrian
crossings on the measures of effectiveness of arterial traffic flow using a computer
simulation model. The research proposed modeling the midblock pedestrian crossing as
an actuated uncoordinated signalized intersection. The study also focused on developing
a methodology that can be used for designing optimal signal coordination on arterial

segments with unsignalized midblock pedestrian crossings.

1
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The case study location was a segment of Maryland Parkway corridor between
Flamingo Road and Tropicana Avenue, Las Vegas, near the UNLV Campus. This
segment has existing midblock crossings at Del Mar Avenue and East University
Avenue.

As expected, there was significant impact on arterial traffic travel times, delays,
queue length, number of stops due to midblock pedestrian crossings. In order to improve
the arterial performance optimization of offsets that included the midblock pedestrian
crossing was done. However, the resulting measures of effectiveness of arterial traffic

‘were not improved relative to the existing offsets.

v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

This thesis work would not have been possible without the continuous guidance and
support of my advisor Dr. Mohamed Kaseko. I would like to express my gratitude to him
for his help in the completion of my thesis and throughout my graduate program in
University of Nevada, Las Vegas. My Sincere thanks to Dr. Shashi Nambisan for his
assistance, effort in reviewing my thesis and timely guidance during my master’s
program. 1 would like to thank Dr. Ashok Singh for helping me with the Statistical
Analysis of my research and serving as the graduate college faculty representative for my
thesis committee. I would also like to thank my thesis committee member, Dr. Hualiang
Teng, for his effort in reviewing my thesis.

I would like to extend my thanks to Kimley-Horn and Associates, Inc for helping
in getting data and John Merrill for the speed distribution data. I thank the Transportation
Research Center (TRC) and the Department of Civil and Environmental Engineering,
UNLYV, for providing me financial support throughout my program. I would like to thank
the students and staff at UNLV TRC for all the help and support in completing this thesis.
Last but not the least, I would like to thank my family and friends, and all the other
people whom I have not mentioned above but who have helped me in some way through

the completion of my master’s degree.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

ABSTRACT ...ttt ettt st e et et e b st e s beenbesatenbeebeenbesenen il
ACKNOWLEDGEMENTS ...ttt ettt ettt et et ssee s v
TABLE OF CONTENTS ..ottt ettt sttt et et sbee s e nens vi
LIST OF FIGURES ..ottt ettt ettt et saa e Viii
LIST OF TABLES ..ottt ittt sttt ettt ettt ste s et sttt et ensesteaasbesseanesnea X
CHAPTER 1 INTRODUCTION .....cooiiiiiiiiierircieieteieieies st ese st sa s sesens 1
1.1 Study Background...........cooe i 1
1.2 Study ObBJECHIVE...ccuvieuiieiieieeiieeietieteeite ettt ettt seaessearaessesbessaesssesseessesseennas 2
1.3 Study EXPeCtation .......ccoiviiuiieiiiiiieiie ettt ete et s st e e e essaesaaesaseeesaeans 3
CHAPTER 2 LITERATURE REVIEW ....cccooiiiiiiiiciecetee e 5
2.1 Previous Mid-block Pedestrian Crossing Models..........cccoevveenvenciieecreeeieeeeene. 5
2.2 Level of Service of Pedestrians..........ccccvveuieeiiiiincienieiieeeeieieecee et eee e 9
2.3 Simulation Model Calibration Methodology .........cceevirierirrenceeniieieeieeeens 11
2.4  State of Nevada Motor Vehicle and Pedestrian Laws ...........cccoevveviveieneeennnnee. 16
2.5 Driver and Pedestrian Behavior.........cccoceviviviiiniiiniiinieenienieeesseesereeseieeensenns 18
2.6 Pedestrian Speeds and Start-up TIMeS.......cccevveeviieieeiiereecierreeeie e eeiee e 19
CHAPTER 3 METHODOLOGY ...cooiiriiriieiieiictieieetiesiee st esis et e v b sstesseeaessnessnessen 23
3.1 Methodology OVEIVIEW .......c.cccvieeieiiieeiiciecieceeeeectete et ettt eanas 23
3.2 Case Study LOCatION ..c..coeiviiieiiiiieriie ettt 27
33 Data COILECHION .....eiiieieeieeieeeee et e e e v a et e s e e seessaens 29
34 Model BUllding .....ocvieiiiiiiiiiieiieiececeeee ettt et ae e ens 35
3.4.1 Model in VISSIM VA.20 .....ociiiiiiiiiiieeieeeeeeeve e sve s enes 35

3.4.2 Pseudo Signal Design .......cccoceiiiiiiiiininiinieiee e 37

3.5 Model Calibration .......coceecieeiiiiieiecieie et sae e aeseaer et aeseaesreesans 43
3.5.1 Identification of calibration parameters..........c..coceeevueereeerieereeerieerireenuenns 43

3.6 SYNCHRO Optimization of Offsets and Splits.........cccceeviiiiiiiiiiiiniiiiieeee, 46
CHAPTER 4 CASE STUDY oottt ettt aa st as s e ssaesaeneas 48
4.1 Case 0 — Field Travel TImMeS ......ccovieiiirieniiieiieceeceecre et 50
4.2 Case 1 — Calibrated Model with Midblock Crossings as Pseudo Signal........... 52
4.2.1 Pseudo Signal DeSi@N ......ccoceeviieiiriiiiiiniiieeeeete et 54

4.2.2 Model CalibIation ..........cccceriirierieieeie ettt eaens 59

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4.2.3  Statistical ANAlYSIS.....ccvvviriiiiirieiecteintere e 67

4.3  Case 2 — Model without Midblock Pedestrian Crosswalks ..............cccocoevennnee. 69

44  Case 3 — Model with Crosswalks and Offsets Optimized only for Signalized
INEETSECHIONS «..vverveeeieieeiieieiereeererteeieete et eatestesbe st esteneeee s e besaesnesse et e s estessenee 70
4.5  Case 4 — Model without Crosswalks and Offsets Optimized for only Signalized
DEETSECTIONS .vvvvenienreererererieetinreereeeeteteteeetestessesaeseeaestessessesenenesanenneneensensenes 70

4.6  Case 5 — Model with Crosswalks and Offsets Optimized with Crosswalks as
Actuated Uncoordinated Sinals.........cccoeeieeeiiiniieniienieniieniieeeeneesireeeseeesiennns 71

4.7  Case 6 — Model with Crosswalks and Offsets Optimized with Crosswalks as
Actuated Coordinated Signal............cocceeeiiiiiiiiiiieiecieeeecie e 71
CHAPTER 5 ANALYSIS OF RESULTS AND DISCUSSION......cccccevieieiiienreieneenen 73
5.1  Effect of Midblock Pedestrian Crossing on Arterial Traffic ............ccccoeeneee. 73
5.1.1 Evaluation Based on Calibrated Model .........cccccooerviririninninnenenieicen. 73

5.1.2 Effect of Optimized Offsets for with and without Midblock Crossing
1\ (QT (<3 USROS 82
5.1.3  Statistical ANALYSIS.....cecciieiiiiiicieciieeie ettt e eeesrns 89
5.2 Evaluation of Arterial Traffic with Optimized Network ........c.ccovevvvveevieennnne. 92
5.3 Summary Of FINAINES......covvviriiiriiiiniiiiierceieenee e esneeseesaessenessnaenns 103
CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS .......ccoovtiieirreieieens 104
6.1 Effect of Midblock Pedestrian Crossing on Arterial Traffic ..........ccccceveenee. 104
6.2  Pseudo Signal Design and Network Calibration...........ccceeveeveviieeeneeriiennenne. 104
6.3 Optimized Offsets for Signal Coordination ...........cocoecvererienienenieeeeenene 105
6.4 Recommendations..........cc.uiiiiir ittt 106
REFERENCES ...ttt ettt et sttt e v st be s e st e e be s ansesesnessens 107
APPENDIX I DATA COLLECTION SHEETS.....co i 109
APPENDIX 11 SPEED DISTRIBUTION DATA......covvvmveeereeeeeeeeeeseeeeesseseseeeseessre 113
VITA ettt ettt stk sat et e e be s st e besaneseesbentensansensenbeaseas 116
vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5
Figure 4-1

Figure 4-3

Figure 4-4
Figure 4-5
Figure 5-1
Figure 5-2
Figure 5-3
Figure 5-4
Figure 5-5
Figure 5-6
Figure 5-7
Figure 5-8
Figure 5-9
Figure 5-10
Figure 5-11
Figure 5-12
Figure 5-13
Figure 5-14
Figure 5-15
Figure 5-16
Figure 5-17
Figure 5-18
Figure 5-19
Figure 5-20
Figure 5-21

Figure 5-22
Figure 5-23

Figure 5-24

LIST OF FIGURES

Flow Chart of Simulation Analysis Methodology .........c.cccevveevecieniienncns 26
Vicinity map of the project location on Maryland Parkway..................... 28
Hourly Volume Graph for Maryland Parkway from NDOT .................... 33
Modeled Pseudo Signal for Existing Midblock Pedestrian Crossing....... 37
Flowchart of Pseudo Signal Design..........cccovevieienienienenenineneccneeenns 40
Phase Diagrams and Signal Timings of Slgnahzed Intersections in Study
ATCA..iiiiiiieiiceet ettt st 54
Graph showing the Sum of Squares of Error in Green Time of Pseudo
SIZNAL ..ottt et et e ea e e aeesaeebaea 59

Travel Time on Maryland Parkway NB of Field and Calibrated Values . 66
Travel Time on Maryland Parkway SB of Field and Calibrated Values.. 66

Travel Time on Maryland Parkway NB for Case 1 and Case 2................ 74
Travel Time on Maryland Parkway SB for Case 1 and Case 2 ................ 75
Total Delay on Maryland Parkway SB for Case 1 and Case 2................. 76
Total Delay on Maryland Parkway SB for Case 1 and Case 2................. 76
Queue length on Maryland Parkway NB for Case 1 and Case 2.............. 78
Queue Length on Maryland Parkway SB for Case 1 and Case 2 ............. 79

Number of stops on Maryland Parkway NB for Case 1 and Case 2......... 80
Number of Stops on Maryland Parkway SB for Case 1 and Case 2......... 80

Travel Time on Maryland Parkway NB for Case 3 and Case 4................ 83
Travel Time on Maryland Parkway SB for Case 3 and Case 4 ................ 84
Total Delay on Maryland Parkway SB for Case 3 and Case 4................. 85
Total Delay on Maryland Parkway SB for Case 3 and Case 4................. 85
Queue length on Maryland Parkway NB for Case 3 and Case 4............... 86
Queue length on Maryland Parkway NB for Case 3 and Case 4.............. 86

Number of stops on Maryland Parkway NB for Case 3 and Case 4......... 87
Number of Stops on Maryland Parkway SB for Case 3 and Case 4......... 87
Travel Time on Northbound Direction for Case 3, Case 5 and Case 6. ... 96
Travel Time on Southbound Direction for Case 3, Case 5 and Case 6 .... 97
Total Delay on Northbound Direction for Case 3, Case 5 and Case 6 ..... 98
Total Delay on Southbound for Case 3, Case 5 and Case 6 ..................... 98
Maximum Queue Length on Northbound for Case 3, Case 5 and Case 6.....

Maximum Queue length on Southbound for Case 3, Case 5 and Case 6 . 99
Number of stops on Maryland Parkway NB for Case 3, Case 5 and Case 6
................................................................................................................. 100
Number of Stops on Maryland Parkway SB for Case 3, Case 5 and Case 6
................................................................................................................. 100

viii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 2-2

Table 2-3

Table 3-1
Table 3-2
Table 3-3
Table 4-1
Table 4-2
Table 4-3
Table 4-4
Table 4-5
Table 4-6
Table 4-7
Table 4-8
Table 4-9
Table 4-10
Table 4-11
Table 4-12

Table 4-13

Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 5-5
Table 5-6
Table 5-7
Table 5-8
Table 5-9
Table 5-10
Table 5-11
Table 5-12
Table 5-13
Table 5-14
Table 5-15

LIST OF TABLES

Speed Measurements at Pedestrian Crossings for Individual Pedestrians

Crossing Legally, from Knoblauch, Pietrucha, and Nitzburg (1996)........... 22
Start-up Time Measurements for Pedestrians at Crossings, as Compiled from
Knoblauch, Pietrucha, and Nitzburg (1996) ........cccccvviiiirnniineeeeieervennen, 22
Signal Phase Log Data Sample..........ccoooviiiiierenieeeeeeee e 31
Maryland Parkway Intersections VOIUME.........cccccceivviriinneiiineiiriieeeeineen. 34
Sample Output File for Signal Change ...........ccoceeceeeieiinieiiceeeeeeeee, 42
Maryland Parkway Intersections between Tropicana and Flamingo............ 51
Link travel time on Maryland Parkway NB from license plate study .......... 51
Link travel time on Maryland Parkway SB from license plate study........... 52
Total splits and offsets on Maryland Parkway along Study Network .......... 53
Pedestrian occurrences and crossing time at crosswalk locations................. 55
Signal Timings of Minor Street at Pseudo Signal...........ccoooeiniiniininnne. 56
Iteration 1 showing calculations of # of equivalent vehicles for pedestrians 58
Travel time of individual calibration parameters.........c.ccceevevveeceenennennne 62
Travel Time of Combinations of Calibration Parameters...........cccccccceeennene 63
Field Travel Times and Calibrated Travel Time of Maryland Parkway NB 64

Field Travel Times and Calibrated Travel Time of Maryland Parkway SB. 65
Statistical Results for the difference in Travel Time of Case 0 and Case 1 on

INOTERBDOUNA ...t eeees s eretee s e e er e eeeseeeenenansaaaeeeerenes 68
Statistical Results for the difference in Travel Time of Case 0 and Case 1 on
SOUTRBDOUNA ..ottt e e e e e e eeae e ereeeeerenanaeee 69

Travel Time, Delay and # of Stops on Maryland NB for Case 1 and Case 273
Travel Time, Delay and Number of Stops on SB for Case 1 and Case 2...... 74
MOEs of Entire Network for Case 1 and Case 2 on NB and SB.................
Travel Time, Delay and # of Stops on Maryland NB for Case 1 and Case 282
Travel Time, Delay and # of Stops on Maryland SB for Case 1 and Case 2 §3
MOE:s of Entire Network of Case 3 and Case 4 for NB and SB 88
Statistical Results for Effect of Midblock Pedestrian Crossings................... 91
Travel Time, Delay and # of Stops on Maryland NB for Case 3 and Case 593
Travel Time, Delay and # of Stops on Maryland SB for Case 3 and Case 5 93
Travel Time, Delay and # of Stops on Maryland NB for Case 3 and Case 694
Travel Time, Delay and # of Stops on Maryland SB for Case 3 and Case 6 95
Travel Time, Delay and # of Stops on Maryland NB for Case 5 and Case 695
Travel Time, Delay and # of Stops on Maryland SB for Case 5 and Case 6 96
MOE:s of Arterial Network for Case 3, Case 5 and Case 6on NB............. 101
MOE:s of Arterial Network for Case 3, Case 5 and Case 6 on SB.............

1X

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1

INTRODUCTION

Unsignalized pedestrian midblock crossings are one of the critical components of
arterial streets designed to provide for safer crossing locations for pedestrians. These
crossings are often placed between signalized intersections that are far apart. However
when arterial segments with such crossings are being analyzed or designed, the effect of
the crossing on arterial performance is not taken into consideration, due to the inability of
current traffic software to model these locations. A midblock pedestrian crossing is a
source of additional delay on a roadway segment. Therefore, there is need to model and

evaluate the impact of crossings on arterial measures of effectiveness.

1.1 Study Background
Midblock pedestrian crossings are common on arterials where pedestrians from one
side cross to other side for business activities, or to enter schools etc. When signalized
intersections are far apart, mid-block crossings allow pedestrians to cross arterials more
safely than by jaywalking. Also, mid-block crossings are common near bus stops and

areas with high density residential and commercial areas. At least 20 midblock
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pedestrian crossing facilities exist in the Las Vegas metropolitan area (Merrill 2005).
Mid-block pedestrian crossings with heavy pedestrian traffic can produce significant
control delays and thus increased travel time for vehicles.

Few research publications addressed processes for calibrating the traffic micro
simulation models. Published research regarding midblock pedestrian crossing operations
has also been limited. Research regarding pedestrian safety statistics at midblock
crossings had been addressed in detail, but studies pertaining to impact of midblock
crossing on vehicular elements are few.

Therefore, it was determined that there was a need to understand the impact of traffic
operations due to midblock pedestrian crossings. Specifically, this study was to construct
a procedure to model a pseudo signal at mid-block pedestrian crossing and optimizing the
network to get better signal coordination. Since midblock pedestrian crossings are almost
on arterials with nearby signalized intersections, a microsimulation model methodology

was considered to be particularly useful for planning and designing similar facilities.

1.2 Study Objective
The objective of this study was to evaluate the effect of pedestrian midblock
crossings on an Arterial street using a computer simulation model. The research proposes
modeling the midblock pedestrian crossing as an actuated uncoordinated signalized
intersection herein refers to as a “pseudo signal”. The parameters of the pseudo signal
will be set in order to reproduce the observed characteristics and inputs of the pedestrian
vehicle interactions at the crossing. Software used for modeling was VISSIM v4.2 for

micro simulations and SYNCHRO v5.0 was used to optimize the offsets of the model.
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This study developed a procedure to model a pseudo signal which reproduces the
pedestrian activities at midblock pedestrian crossing. The study also focused on
developing a methodology that can be used for designing optimal signal coordination on
arterial segments with unsignalized midblock pedestrian crossings. The methodology
derived can be taken as prototype design at any unsignalized midblock crossing on

arterial segment. Travel times were used to calibrate and validate the model.

1.3 Study Expectation

It was expected that this model would provide a practical, yet effective methodology
for developing, calibrating, and validating other microsimulation models involving mid-
block pedestrian crossings. Therefore, the methodology for designing a pseudo signal
became necessary. The methodology used was expected to be applicable to any
unsignalized mid-block pedestrian crossing on arterial segment. Furthermore, the final
optimized model with better signal coordination was expected to be capable of generating
usable outcomes for arterial traffic operational analyses, as well as planning purposes,
such as determining the effect of possible design alternatives which produces better
measures of effectiveness on arterial traffic.

This Thesis contains six chapters. The first chapter provides an introduction to the
subject to be addressed in this study and the objective of the study. The second chapter
summarizes a literature review that was conducted on previous studies about the
calibration, pedestrian interaction at midblock pedestrian crossing locations. Third
chapter provides the data collection, methodology that was developed to model a pseudo

signal, methodology for calibration and to develop the different simulation models for
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analysis. The fourth chapter presents the case study where in the model was developed,
calibrated, and converted into different simulation models for analyses. In the fifth
chapter, results were analyzed and discussed. The last chapter provides the conclusions

and recommendations from this study.
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CHAPTER 2

LITERATURE REVIEW

The relevant literature regarding impact of midblock pedestrian crossing on arterial
traffic was found to be less. Minimal research had been published regarding
microsimulation of pedestrian mid-block crossings. Most published research was related
to the design of Midblock pedestrian crossing, the pedestrian behavior on such crossings
or addressing the safety of pedestrians in crossing situations. Furthermore, some data
were more easily obtained through previous research than by conducting studies
specifically for this project (such as speed distributions for Maryland Parkway Arterial).
Finally, it was necessary to establish an experimental study to model a pseudo signal
which reproduces the Midblock pedestrian crossing and to study the impact of midblock

pedestrian on arterial traffic.

2.1 Previous Mid-block Pedestrian Crossing Models
A few models have been created and published regarding mid-block pedestrian
crossings. However, the work done by Kaseko and Karkee (2005) has been the only
presented research that uses VISSIM software to model these types of crossings. In their
simulation model, Kaseko and Karkee (2005) modeled an isolated mid-block pedestrian

crossing. The case study site was a six-lane arterial with raised median, with an AADT of
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approximately 35,200 vehicles, and a pedestrian mid-block crossing with approximately
100 pedestrians per hour in each direction, modeled as an isolated location.

The objective of this model was to demonstrate the feasibility and concept of
simulating and analyzing a microsimulation model with a mid-block pedestrian crossing.
The model defined specific behavioral rules for both pedestrians and drivers, and
attempted to show how certain input variables (such as the proportion of drivers yielding
to pedestrians) affected an outcome (such as vehicular delays at the crosswalk). This
research paved the way to develop a model in greater detail and scope by John Merrill as
his thesis study (2005).

Kaseko and Karkee (2005) started by identifying certain behavioral characteristics at
the case study location. Two types of drivers were defined: drivers who would stop for a
pedestrian queued at the crosswalk (non-aggressive), and drivers who would not
(aggressive). They furthermore defined crosswalk user behavior as:

e Every vehicle approaching the crosswalk yields to pedestrians already
crossing

* Non-aggressive drivers always yield to pedestrians waiting to cross

o Aggressive drivérs only yiéld to pedestrians already crossing

e The proportion of these two types of drivers depends on factors such as the
visibility of the crosswalk, knowledge of pedestrian laws, and willful non-
compliance

e All pedestrians yield to vehicles that cannot stop safely

e Pedestrians are able to tell if a vehicle plans on yielding
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The authors outlined several key variables which were necessary to set in the model.
Among these were minimum gap times and headways at the crosswalk. Most of these
were defined using the respective conventional theories and dimensions applicable to the
case study site.

One major finding in Kaseko and Karkee (2005) was how the proportion of yielding
drivers affected various delay measurements. The proportion had a more significant
impact on pedestrian and vehicular delays when‘ approximately 25% yielding or below.
Above 25%, the relationship was not as pronounced, and was approximately linear. The
proportions also affected vehicular queue lengths similarly. Below 25% yielding, average
vehicular queue lengths varied greatly. Average queue lengths at 1,350 vehicles per hour
increased steadily from 0 to 25% yielding, reaching a maximum average queue length of
24 feet at or above 25% yielding.

Merrill’s thesis (2005) determined the proportion of yielding drivers which could
provide transportation and law enforcement officials with information necessary to
analyze sections of roadway, especially since it is required by law in the State of Nevada
to yield to pedestrians in a designated crosswalk. Law enforcement officials could use
this information to justify enforcement programs. The proportion of yielding drivers
could even be important in public policy decisions, by studying the effect on compliance
with overall delays per person in an urban transportation network.

Merrill (2005) proposed a viable policy for the collection and use of this information
is critical. However, this proportion can give a reasonable estimate of the willful non-
compliance of drivers. The level of accuracy of the procedure provided by Merrill will

vary based on each practical application. For example, the proportion of unlawful drivers
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can be estimated from the pfoportion of drivers not yielding when the condition to yield
is present. This proportion can also be used to justify targeting law enforcement
operations at particular pedestrian crossings. For this situation, a small sample size may
be sufficient to determine whether targeted enforcement would be justified at the subject
mid-block crossing. To determine the amount of delay, a much higher level of accuracy
(and number of readings) would be needed. For the study discussed in this thesis, a
sample size of 124 observations wés chosen, which yielded an error in sample proportion
of £0.087. Assessing safety concerns or evaluating the performance of traffic control
devices may require fewer or more observations than for determining the amount of delay
incurred. These considerations are beyond the scope of this thesis, but it would be
essential to deﬁne policies for use of the proportion of yielding driver data collection
procedure for other applications beyond operational analyses.

The research conducted by Merrill (2005) proposed numerous additional research
topics. The methodology can be developed for constructing, calibrating, validating, and
evaluating the other mid-block pedestrian crossing locations. The effect of pedestrian
groups crossing a mid-block crosswalk on yielding blehaviors may also be important for
further evaluation. A helpful parameter to investigate further would be to measure the
average distance between the crosswalk and where vehicles yield; in other words, the
difference between the yield bar and actual yield locations. Regarding the proportion of
yielding drivers methodology, this procedure of sampling and estimating yielding
proportion could be evaluated at several pedestrian mid-block crossings. Another subject
for exploration would be how signal offset and green splits affect the delays incurred by

vehicles and pedestrians through the corridor.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



2.2 Level of Service of Pedestrians

Baltes and Chu (2002) developed a methodology for computing level of service
methodology for pedestrians. The objective of the paper was to develop a methodology to
determine level of service (LOS) for a mid-block pedestrian crossing. The methodology
used was that of participant survey. The crossing conditions were observed at a site for 3
minutes and the site was ranked on a scale of A to F with respect to the amount of
difficulty observed. The authors developed two types of level of service predicting
models — directional and combined. The directional model made use of the variables for a
single side of the mid-block crossing when the variables for each direction of travel were
significantly different. The combined model was for those crossings that had relatively
uniform values for the variables. The authors found that the errors observed during the
computation of levels of service from field measurements were acceptable.

Milazzo, et al. (1999) conducted a research to develop the basis for revised
operational analysis procedures for transportation facilities with pedestrian users where
flow is interrupted by traffic control devices. This study has the background information
on pedestrian walking speeds at signalized crossings and on pedestrian non-compliance at
these locations. Then authors provided the new and revised level of service tables for
analyzing various types of interrupted-flow pedestrian facilities. The authors believed
that pedestrian delay should be the main measure of effectiveness at signalized
intersections rather than the space. The research team recommended that the HCM should
include some background information that will be helpful for analysts timing signals and

performing other operations. The authors of this paper recommended assumed crosswalk
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walking speeds of 1.2 m/s for most areas and 1.0 m/s for crosswalks serving large
numbers of older pedestrians. The authors recommended the use of pedestrian delay as
the main measure of effectiveness for unsigﬁalized pedestrian crossing. The
recommended threshold for LOS F at signalized crossings is 60 s or more of delay per
pedestrian, whereas at unsignalized crossings it is 45 s or more of delay per pedestrian.
Delay is defined as time waiting on one side of intersection plus time waiting in median.
Romer and Sathisan (1997) conducted a research focusing on the interrelationships of
the three elements of the pedestrian traffic system at a signalized intersection-the
walkway, the street corner, and the crosswalk. Key factors that affect each element were
identified. The level of service and capacity analyses were performed for the street corner
area and the crosswalk. A planning methodology called integrated systems methodology
was developed to link the sidewalk, corner area, and crosswalk elements by level of
service. This systems methodology could be used to develop a balanced LOS system
based on a desired LOS, corresponding pedestrian flow rate, and effective walkway
width. The developed integrated systems method provided a tool from which various
tables or charts can be generated. Then the methodology was applied to analyze existing
pedestrian elements at a signalized intersection, that is, the sidewalk, intersection corner
and the crosswalk, with a systems approach that identifies key interrelationships of the
individual elements. The practice for sizing crosswalks by Manual on Uniform Traffic

Control Devices and sidewalk widths by. AASHTO can be replaced by this support tool.
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2.3 Simulation Model Calibration Methodology

Chu, et al. (2004) published a paper on a Calibration Procedure for Microscopic
Traffic Simulation. The objective of the paper was to present a systematic, multi-stage
procedure for calibration and validation of the PARAMICS simulation models. In the
procedure, traditionally, model parameters are adjusted until reasonable correspondence
between the model and field data is obtained. The study network is a congested corridor
consisting of I-15, I-405 and SR-133 in the city of Irvine, California. Basic input data
included network geometry, driver behavior, vehicle characteristics, traffic analysis
zones, and traffic control and traffic detection systems. The data collected for model
calibration included freeway traffic volume and travel time data, and arterial traffic
volume data. The travel-time data probe-vehicle based travel time data for Northbound
(NB) and Southbound (SB) freeway I-405 collected on October 17 and 18, 2001 by
Caltrans was used. The availability of travel time data was another restricting factor for
selecting a typical dataset for calibration process. The data of October 17 was chosen
because it matched with weekday data closely. The calibration procedure involved
calibrating the driver behavior models and route choice model. The number of simulation
runs is obtained by running some runs first and determining thereby from the mean and
variance of the results obtained. The two parameters used for calibrating driver behavior
models are mean target headway and driver reaction time. The two parameters used in the
route choice model are perturbation and familiarity. Fine-tuning was done using the trial
and error method to reconstruct traffic variations and match congesting pattern of the

study network. It was found that 31 runs could achieve meaningful performance
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measures. The simulated traffic counts and point-to-point travel time data were found to
correspond well with the observed measurements.

Hourdakis, Michlopoulos and Kottommannil (2003) published a paper titled, a
Practical Procedure for Calibrating Microscopic Traffic Simulation Models using the
AIMSUN software developed by Transport Simulation Systems as a case study. The
objective of this paper is to present a complete, systematic and general calibration
methodology for obtaining accuracy needed in high performance situations. An issue to
be addressed is to asses the effectiveness of calibration by means of goodness-of-fit tests.
The paper presents such a procedure and was implemented and tested at several tests for
assessing freeway ramp metering performance. A Case study was done on Traffic
operation of Southern California freeways. The main categories of simulation parameters
for this study fall under: global and local. Examples of global parameters are vehicle
characteristics like length, width, speed, headway etc. and local parameters such as speed
limits. The global parameters were calibrated first followed by local parameters. While
calibrating global parameters, the focus should be to attain satisfactory values for three

statistics namely RMSP, r and U.

2
RMSP = lz[uj
Vi

where :

number of observations

=
fl

simulated measurement at time i

=
i

¥, = actual measurement at time
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r = correlation coefficient

For calibration, the objective was to increase the slope and r* of the simulated and the
actual station volume. After finding a combination of non-incident parameters for
calibration, they were calibrated against incident datasets. The effectiveness of calibration

was evaluated by comparing the traffic flow, travel time and queue length measurements.
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As a meaéure of effectiveness a chi-square test was performed to compare simulated and
actual speed graphs. The paper deals with primarily freeway sections where volume and
speed are the primary validation parameters. A t-test was used to compare the two sets of
data for a close match. The null hypothesis could be that the mean is equal to that of
actual measurements. The Root Mean Square Percent Error (RMSP) was calculated to
measure error. The correlation factor (r) was used for goodness-of-fit measure. An
estimated number of 300 iterations were performed. The automated calibration procedure
required about 9 iterations resulting in reduction of calibration time.

Park and Schneeberger (2003) developed a similar methodology for calibrating and
validating traffic microsimulation models. The case study for this methodology was an
urban arterial with coordinated actuated signals using VISSIM software. The microscopic
simulation models use independent parameters to describe operations and characteristics.
These models have default values but some of them also allow the user to input a certain
range of values. Some of these parameters, in spite of being difficult to measure on field,
also prove to have a substantial impact on the model’s performance. To enable
performance of the model, the parameters have to be calibrated i.e. tuned to represent
field measurements. This paper proposes a multi-step procedure for calibration and
validation of a model using a case study. The procedure involved identification of
calibration parameters for measure(s) of effectiveness (MOEs) like travel time, delay and
speed. The calibration parameters used for calibration in VISSIM were emergency
stopping distance, lane-change distance, desired speed, number of observed preceding

vehicles, average standstill distance, additive part of desired safety distance, waiting time
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before diffusion, and minimum headway. The procedure followed in Park and
Schneeberger (2003) was presented in nine distinct steps:

1) Determine of measures of effectiveness:
Identify performance measure(s) like average travel times between two data
collection points in the network, uncontrollable input parameters like corridor
geometry, traffic counts and signal timings, and controllable parameters like
minimum headway, minimum lane change distance and so forth.

2) data collection:
Gather all uncontrollable parameters and measures of effectiveness data from
previously collected data, direct observation, videotape, or other reliable sources

3) Identify calibration parameters:
Select parameters to adjust that will have the greatest impact on the selected
measure(s) of effectiveness, and determine an appropriate range of values for
these parameters

4) Design experiment:
Create table of simulation parameter sets as to minimize correlation between
individual parameter values and maximize the coverage of all parameters

5) Run iterative simulations:
Run several simulations for each parameter set using different random seeds to
produce average and standard deviation values for the measure(s) of effectiveness

of every set
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6) Develop surface function:
Determine an equation for the measure(s) of effectiveness using regression
analysis of the iterative simulation parameter values
7) Determine desirable parameter sets from surface function:
Use surface function to calculate parameter sets which best approximate the
measure(s) of effectiveness collected in the field
8) Evaluate parameter sets:
Run several iterations of each candidate parameter set to determine if model
measure(s) of effectiveness are statistically significant to field measurement
distributions, and evaluate the visualization to select the best candidate
9) Collect and validate model with new data set:
Validate candidate parameter set by comparing outcomes to an untried measure of
effectiveness
Park and Schneeberger (2003) noted several times that visualization is extremely
important in the selection of candidate parameter sets. The authors reported that in the
validation of their case study model, the field measure of effectiveness (maximum queue
length on the eastbound segment) ranked around 90% of the simulated values. Although
limited statistical analysis was conducted on the validation step, the field values were

compared to the simulated values graphically.

2.4 State of Nevada Motor Vehicle and Pedestrian Laws
The State of Nevada requires by law that a vehicle yield to a pedestrian in a

crosswalk, or to yield when another vehicle has already stopped at a crosswalk and verify
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that a pedestrian is not present on the pedestrian crossing before continuing to drive.
According to the Nevada Revised Statutes (2004), Chapter 484, Section 325, Articles 1

and 3 pertain to marked mid-block pedestrian crossings:

1. When official traffic-control devices are not in place or not in operation the driver
of a vehicle shall yield the right-of-way, slowing down or stopping if need be so
to yield, to a pedestrian crossing the highway within a crosswalk when the
pedestrian is upon the half of the highway upon which the vehicle is traveling, or
when the pedestrian is approaching so closely from the opposite half of the
highway as to be in danger.

2. Whenever a vehicle is stopped at a marked crosswalk or at an unmarked
crosswalk at an intersection, the driver of any other vehicle approaching from the
rear shall not overtake and pass the stopped vehicle until the driver has
determined that the vehicle being overtaken was not stopped for the purpose of

permitting a pedestrian to cross the highway.

Both of these laws are enforced on a regular basis. Neither law makes an exception for a
driver not perceiving the presence of a crosswalk or pedestrian. Having an understanding
of these laws and how they are enforced is crucial to understanding and modeling
vehicular/pedestrian yielding behavior. As there are likely several other reasons why a
driver may fail to yield to a pedestrian, one reason could be that the driver was unaware

of the respective laws or driver can be in a hurry and not ready to yield to a pedestrian. It
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1s vital to understand that the drivers do not yield to a pedestrian may not necessarily be

the same drivers that are disobeying these two laws.

2.5  Driver and Pedestrian Behavior

While many publications exist that address pedestrian safety (Cui and Nambisan,
2003; Pulugurtha and Nambisan, 2003), few studies have been conducted to address
drivers’ opinions toward pedestrians. Redmon (2003) discussed a series of four focus
groups held by the Federal Highway Administration (FHWA); two were held in Los
Angeles and two in Washington, DC. Each focus group consisted of either ten drivers or
ten pedestrians, with each group having at least four females and four males. The goal of
these group sessions was to assess general attitudes and behaviors of pedestrians and
drivers interacting on roadways, and to develop guidelines for improving these
relationships.

The pedestrian focus group participants were asked if they knew whether the
pedestrian has the right-of-way in their respective locations. Participants from Los
Angeles stated that they knew they had the right-of-way, but many participants from
other locations were not aware of the respective laws.

The driver focus group participants were asked a similar question as described above,
and like the pedestrians, the Los Angeles drivers were aware of the law and other drivers
were not. Drivers were also asked about how much the presence of law enforcement
influences their behavior at pedestrian crossings. Many drivers indicated that the presence

of law enforcement was a major factor in compliance.
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One major discovery by the research team was that certain drivers felt respectful to
pedestrians, while other drivers felt inconvenienced by the presence of pedestrians. In
fact, one participant believed that “most [drivers] would rather drive over [pedestrians] to
get them out of the way” (Redmon, 2003). This statement implied that a significant
number of drivers felt aggressive toward lawful and unlawful pedestrian use of the
roadway.

The distinction between these types of drivers and those who are more accepting of
pedestrian use of the roadway should be considered when developing any operational
model. The proportion of aggressive drivers is expected to influence much of the delay to

users of the corridor.

2.6 Pedestrian Speeds and Start-up Times

Knoblauch, Pietrucha, and Nitzburg (1996) conducted a study to determine the effects
of pedestrian ages on walking speeds. It was found that the age of the pedestrian was a
significant factor in the walking speeds at crosswalks. The study area included a total of
16 crosswalks located in Richmond, Washington D.C., Baltimore and Buffalo.

Sixteen different crosswalks were selected for this study, which were located in
Richmond, Virginia; Washington, D.C.; Baltimore, Maryland; and Buffalo, New York.
Each intersection was controlled by a traffic signal, although some of the intersections
did not have pedestrian crosswalk signals. Geometric conditions such as medians,
number of lanes, street-widths etc. and environmental conditions like wind speed were
noted for each locality. The pedestrian age was estimated by the observers, whose

information previously was verified with actual ages. The study did not include children
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under 13, pedestrians with heavy objects and those that entered the crosswalk diagonally
or ran while entering the crosswalk. The observers were also careful to exclude
pedestrians crossing diagonally through intersections and pedestrians running while
entering the crosswalk.

Knoblauch, Pietrucha, and Nitzburg (1996) concluded that the difference between the
mean and 15" percentile values for crossing speeds of younger and older pedestrians was
statistically significant. They furthermore stated that the impacts of many environmental
and geometric conditions were also statistically significant.

The authors determined the data suggested that pedestrians who cross illegally tend to
walk faster than those who cross legally. Data on mean and 15" percentile crossing
speeds were analyzed for both legal and illegal crossing. Although the authors compiled
information on these values for the entire set of pedestrians (7,123), the results from the
law-abiding pedestrians (4,460) is of much greéter interest.

Certain environmental and geometric conditions also affected the crossing speeds.
Some of these conditions were only significant when combiﬁed with age. The results
showed that the pedestrians who crossed illegally had higher crossing speeds than those
who walked legally. Certain geometric and environmental conditions were also found to
affect crossing speed but not crossing start-up times. The factors like wind, temperature,
number of lanes, lane width gender were found have significant impact on crossing
speeds

The authors noted that of the pedestrians who crossed legally, those crossing alone

walked faster than pedestrians walking in a group. In addition, the authors stated that
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there was no difference in crossing speeds regardless of the presence of a pedestrian
crossing signal.

Pedestrian start-up times were only addressed at intersections where a pedestrian
signal was located. It was defined as the time it takes between the signal changing to
“Walk” and the pedestrian completing a step off of the curb. Knoblauch, Pietrucha, and
Nitzburg (1996) noted that environmental and geometric considerations were not
statistically significant to the start-up speeds for either age group. However, the day of
the week was not a significant factor between the different age groups. Furthermore, the
authors concluded that single pedestrians and the group of pedestrians had identical
average start-up times, and that this was not a significant factor in differentiating start-up
times.

It should be noted that for an operational analysis, the mean values and ranges would
be of most use. The information provided in Knoblauch, Pietrucha, and Nitzburg (1996)
could be used to reproduce a distribution of pedestrian speeds and start-up times that
reasonably approximate a normal distribution. Table 2-2 is a compilation of individual
and group pedestrian speeds by Knoblauch, Pietrucha, and Nitzburg (1996) at pedestrian
crossings. Table 2-3 shows start-up times recommended by Knoblauch, Pietrucha, and

Nitzburg (1996).
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Table 2-2 Speed Measurements at Pedestrian Crossings for Individual Pedestrians
Crossing Legally, from Knoblauch, Pietrucha, and Nitzburg (1996)

Measurement Individual pedestrians Pedestrian groups
(feet per second) Mean 15" percentile Mean 15" percentile
Younger pedestrians 5.04 4.19 4.66 3.86
Older pedestrians 4.15 3.23 4.00 3.12
Table 2-3 Start-up Time Measurements for Pedestrians at Crossings, as Compiled

from Knoblauch, Pietrucha, and Nitzburg (1996)

Measurement (seconds) Mean 85" percentile
Younger pedestrians 1.93 3.06
Older pedestrians 2.48 3.76

The model by Kaseko and Karkee (2005) presented useful concepts toward modeling

vehicle and pedestrian interactions. Merrill’s thesis (2005) based on Kaseko and Karkee

(2005) presented the calibrating and validating methodologies for practical model

between two intersections and also level of service analyses for pedestrians at midblock

pedestrian crossing was performed. Both Hourdakis, Michlopoulos and Kottommannil

(2003) and Park and Schneeberger (2003) discussed the steps to calibrate and validate the

simulation models. This research model was calibrated based on the methodology

discussed by Park and Schneeberger (2003). Since this network has nine intersections and

two directions, generating candidate parameter sets would take more time. So,

combinations of calibration parameters were done and error was minimized when field

travel times compared with calibrated travel time.
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CHAPTER 3

METHODOLOGY
3.1 Methodology Overview
The methodology that has been developed for this study is a synthesis of techniques.
The Following are the steps involved in Methodology:
o Location Identification
o Data Collection
o Model Building
o Model Calibration
o Simulation Analysis of different cases
Travel time data collection methodology was similar to the methodology
recommended by the Manual of Traffic Engineering Studies (Institute of Transportation
Engineers [ITE] 1994). Other data collection techniques, such as signal data, transit data,
speed distribution, traffic volumes utilized the accepted practice methods from
professional experience and knowledge of the levels of accuracy necessary. The
calibration methodology developed was similar to those outlined in Park and
Schneeberger (2003). Analyses and discussions of different simulation cases considered
are shown in Figure 3-1, and potential implications will be addressed in the Case Study
Results (Chapter 4), and Analysis and Discussion (Chapter 5) and Conclusions (Chapter

6).
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The different cases considered for simulation runs are as follows:

e Case 1 - Model with midblock pedestrian crossings and using existing offsets
and splits.

e C(Case 2 - Model without midblock pedestrian crossings and using existing
offsets and splits.

e (ase 3 — Model with midblock pedestrian Crossings, but with offsets and
splits were optimized only for signalized intersections, ignoring pedestrian
crossings.

e Case 4 - Model without midblock pedestrian crossings and offsets and splits
were in Case 3.

e C(Case 5 - Model with midblock pedestrian crossings. Offsets and splits were
optimized were optimized for the signalized intersections as well as the
midblock pedestrian crossings. The midblock crossings were modeled as
pseudo actuated uncoordinated signals.

e (ase 6 — Model with midblock pedestrian Crossings. Offsets and splits with
considering pedestrians and modeling midblock pedestrian crossings as actual

actuated coordinated signals.

The results obtained with these cases were then compared and discussed as follows:

e C(Case 1 was compared with Case 2 to evaluate the effect of midblock

pedestrian crossings on arterial traffic with existing offsets.
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e (Case 3 was compared with Case 4 to evaluate the effect of midblock
pedestrian crossings on arterial traffic with optimized offsets based only on
the signalized intersections.

e Case 3 was compared with Case 5 and Case 6 to see whether the optimal

design of offsets has improved or not.
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Figure 3-1  Flow Chart of Simulation Analysis Methodology
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3.2  Case Study Location

A segment of Maryland Parkway corridor between Flamingo Road and Tropicana
Avenue, Las Vegas, (near the UNLV Campus) was used as the study area. This segment
has existing midblock crossings at East Del Mar St. and East University Avenue as
shown in Figure 3-2. The existing midblock pedestrian crossings are “Danish offset” type
crossings. The roadway segment has a posted speed limit of 30 miles per hour. According
to the Nevada Department of Transportation (2006), the average annual daily traffic
count on Maryland Parkway near the study location was 40,343 vehicles. This portion of
Maryland Parkway is also currently being considered for major redevelopment as a part
of UNLV Mid Town Project. Figure 3-2 shows a map of the area for orientation
purposes, with the project location specified.
| All observations for this study were conducted during the midday period, 11:00 AM
to 1:00 PM. This was because significant pedestrian activity happens around this time
due to staff and students. This period reflects the daily peak for pedestrian traffic at these
crosswalks. The midday period typically extends from 11:00 AM through 2:00 PM, and
so it was determined that observations during this time should adequately represent

midday traffic behaviors.
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3.3  Data Collection

Data collection was necessary along the Maryland Parkway study corridor. Standard
License Plate study was performed as published in the Manual of Traffic Engineering
Studies (ITE 1994). Information pertaining to the general geometry of the corridor was
needed to develop a representative model. Studies such as pedestrian crossing time,
pedestrian volume, number of pedestrian occurrences studies provided required
pedestrian information within the study area. The pedestrian count, pedestrian crossing
occurrences and the pedestrian crossing time were studied as one such field study.
Sample data collection sheets are included in Appendix I for reference. Detailed results of
these studies can be found in the Case Study Results (Chapter 4).

Measures of effectiveness selection

The calibration measures of effectiveness used were the northbound and southbound
travel times from downstream to downstream of intersections. Travel times for each
segment in the corridor were used as the calibration measures of effectiveness. Park and
Schneeberger (2003) used the travel time over the entire network for one direction of
traffic for calibration of the case study model. Travel times for calibrating the model were
determined through a standard license plate survey, as published in the Manual of
Transportation Engineering Studies (ITE 1994) which was discussed in Chapter 4.

Pedestrian Data

Pedestrian counts and the crossing time of pedestrians, and number of pedestrian
occurrences were surveyed at two mid-block pedestrian crosswalks. Pedestrian counts,

the crossing time of pedestrians, and number of pedestrian occurrences were surveyed at
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two mid-block pedestrian crosswalks at midday between 11:00 AM to 11:45 AM for
eastbound pedestrians and 12:00 PM to 12:45 PM for westbound pedestrians

Geometry of Study Corridor

Information on the geometry of the study corridor was necessary for an accurate
model. General information regarding the geometry of the corridor obtainable through
aerial photography was sufficient. Determining the vertical grade was also important,
since acceleration and deceleration of heavier vehicles can be affected by changes in
elevation. Grades of less than 1% would likely not affect heavy vehicles over short
distances. Since the study corridor is of shorter length, it was considered that the grades
are less than 1% and it would not affect the heavy vehicles acceleration and deceleration
factors.

Transit Data

The routes and timetables of public transit vehicles were collected from website of
‘Regional Transportation Commission of Southern Nevada. Buses, especially those which
board/alight in the rightmost lane might cause significant travel time delays to the
corridor.

Signal Data

It was also necessary to determine signal timings for the four signalized intersections
in the study corridor. Signal Log for the intersections were obtained from the Freeway
and Arterial System of Transportation (FAST) traffic management center, which is
operated by the Regional Transportation Commission (RTC) of Southern Nevada. It
includes signal id, timestamp of events, and the description of the events. The site

investigation was performed on Flamingo-Maryland signalized intersection to validate
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the collected data. The average nominal green split times was derived for the midday

time period.

Table 3-1 Signal Phase Log Data Sample

SignallD| EventDate | EventTime Event Type
2133| 18-Apr-06[ 11:00:21 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133] 18-Apr-06| 11:00:21 AMPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:00:45 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:00:58 AM[PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:01:21 AM[PHASE VEHICLE DISPIAY CHANGED TO GREEN
2133| 18-Apr-06| 11:01:21 AM[PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:01:40 AMIPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133 18-Apr-06| 11:01:42 AM{PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06] 11:02:41 AMPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:02:41 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:03:05 AM[PHASE VEHICLE DISPI.AY CHANGED TO GREEN
2133| 18-Apr-06| 11:03:42 AMIPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:03:42 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06] 11:04:00 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:04:02 AMIPHASE VEHICLE DISPLLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:05:01 AMPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06] 11:05:01 AM{PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133] 18-Apr-06| 11:05:25 AMIPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133} 18-Apr-06| 11:05:38 AM[PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:06:02 AM[PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:06:02 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:06:20 AM|IPHASE VEHICLE DISPLAY CHANGED TO GREEN
2133| 18-Apr-06| 11:06:23 AM|PHASE VEHICLE DISPLAY CHANGED TO GREEN

AN = J|DJjoo|WININ | |—|D oo W | |1, |00 (W

From Table 3-1, it can be found that the signal phase log only records the time of events
that phases change to green, not the events that change to yellow or red. Therefore, the
duration of green phase cannot be derived directly from the data. It can be derived only
by looking at the time that conflicting phases change to green. Since all our intersections
are four legged and three legged, it is easy to determine the conflicting phases. Excel was

used to automate the calculations and find the green splits. Specifically, the signal phase
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duration is derived by first searching for the event
“Phase Vehicle Display Changed To_Green” for each signal/intersection and ordering
them by the time they occurred. For each signal phase changed to green, the next
conflicting phase is looked for in the event list. The time elapse between these two events
is the phase duration. It is noted that the phase duration derived in this way also includes
the time for yellow and all-red because the signal phase log data don’t contain any yellow
phase information. However, this problem wouldn’t affect the derivation of signal cycle
length and offset which are the required data for this study. In this study, signal cycle
length is the time that elapses between two successive coordinated phases. In theory, any
phase can be used to derive the cycle length. Since the coordinated phase is cycling and
its ending time is fixed, it is chosen to calculate the offset in this study.

Desired Speed Distribution

Desired speeds, or free flow speed distribution was collected from Merrill (2005). A
standard law-enforcement radar gun was used in his sample speeds collection. Speed
distribution chart (shown in Appendix II) is from University road to Harmon segment in
Maryland Parkway. However, the study area along Maryland Parkway also has the same
posting speed limit and other surrounding factors. Hence, the same speed distribution is
accounted for this study. Since the desired speed was necessary to input into VISSIM as a
speed distribution, uninhibited vehicle speeds (as opposed to actual speed of vehicles
during the study period) were necessary.

Traffic Volume and Turning Movements

Intersection volumes, Lane geometry were collected from Kimley-Horn Associates

for the AM and PM peak hours. Since this study is on midday period, with the help of
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traffic counts from Nevada Department of Transportation the intersection turning
movements were adjusted with the factors. The factors were derived from the Figure 3-3
showing the hourly volume from the Nevada Department of Transportation website. The
hourly volume curve has peaks at Mid Day and PM rather than AM. The proportion
difference between PM Peak and Mid Day time were derived as a factor and Mid Day
Volumes were derived. Table 3-2 is the intersection volumes and lane geometry of the
study area. The number of turning movements along the study corridor was an important
factor to collect because it would affect the integrity of the volume counts throughout the

model, as well as being important in calculating the Baltes and Chu (2003) “quality of

service”.
Maryland Parkway Hourly Volume
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Figure 3-3 Hourly Volume Graph for Maryland Parkway from NDOT
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Table 3-2 Maryland Parkway Intersections Volume
Intersection [Time | EBL EBT EBR| WBL WBT WBR| NBL NBT NBR| SBL SBT SBR
Flamingo |AM 168 1156 303] 197 1685 299 270 564 222| 290 712 234
Road MD 271 1471 291 1199|1493  384| 422 1066 170, 333 760 168
PM 337 1923 403 224{1597 391 338 971 103] 4081030 206
Lanes 2 3 1 2 3 1 2 3 "s" 2 3 "
Cottage AM 143 1056 951 261
Grove MD 188 1658 1240 10
PM 229 1412 1626 31
Lanes 1 1 3 3 "
Rochelle AM 15| 302 1041 20 1094
Avenue MD 167| 126 1491 38 1428
PM 154/ 111 1258 20 1855
Lanes 1 3 "s" 3
University |AM 9 68 1295 55| 941000
East MD 159 272 1383 32| 531375
PM 63 64 1325 51 401815
Lanes 1 1 3 " 1 3
Harmon AM 54 23 56] 204 66 223 117 1073 95| 67 830 112
Avenue MD 58 32 450 226 25 168 97 1189 138 1791268 87
PM 66 41 62 254 27 171 93 1139 132 2191552 107
Lanes 1 1 1 1 1 1 1 3 " 1 3 "
Delmar AM 39 38 1247 146] 501040
Street MD 29 69 1355 12| 641475
PM 36 66 1298 27 63 1805
Lanes 1 1 3 "s" 1 3
University |{AM 41 25 203 1352 898 181
Road MD 92 91 166 1275 1349 155
PM 104 103 159 1221 1651 190
Lanes 1 1 1 3 3 "s"
Elizabeth |AM 21 18 11 42| 16 1492 14 15 881 27
MD 2 87 48 120 28 1319 11 91364 67
PM 12 60 39 24 27 1344 80| 111736 7
Lancs 1 1 1 1 1 3 "g" 1 3 "
Tropicana |[AM 455 1105 72 94 1446 238 304 829 56| 201 363 346
Avenue MD 438 1440 156 180 1131 218| 253 702 138 422 810 267
PM 544 1823 197 194 1219 235 242 672 132 517 991 327
Lanes 2 3 g 2 3 "s" 2 3 "g" 2 3 "g"
Key: AM — AM Peak 7:30 to 8:30 AM Traffic Volume

PM — PM Peak 4:30 to 5:30 PM Traftic Volume
MD - Mid Day 12:00 to 1:00 PM Traffic Volume
s — Shared lane
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3.4  Model Building

The methodology developed for this project was divided into three stages: model
development with and without pseudo signals at crosswalk locations using VISSIM,
calibration, and optimization of offsets using SYNCHRO. Model development was
perhaps the most crucial stage, since any omissions in the model design could severely
impact the calibration and later stages. Care was taken to ensure that the level of accuracy
required for each data collection effort would be large enough to allow for proper model
function, but that the data collection process was resourceful and not overly cumbersome.
Model calibration was done before modeling pseudo signals and the calibrated model
(with pseudo signal) offsets were optimized and analyses was performed. The following
subsections demonstrate the previously explained process by utilizing the case study. The
process explained in the case study is much more in-depth than the brief description in

. the methodology.

3.4.1 Model in VISSIM v4.20

VISSIM v4.20, developed by Planung Transport Verkehr AG in Karlsruhe, Germany,
had the necessary features to model intricate traffic operations on a microscopic level.
Other micro simulation models such as CORSIM and SIMTRAFFIC do not have the
option of signal changing parameters at an intersection by which pseudo signal was
modeled.

The aerial photography obtained from Clark Country Department of Public Works
was loaded and scaled as a background in the VISSIM model. All general roadway
geometries (links), as well as turning movements (connectors), were then defined from

the aerial photography. Though it is not 100% accurate, the aerial photographs were best
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suited to draft the connectors and links for most of the corridor. The bus transit routes, via
South Maryland Parkway was input into VISSIM by defining two bus transit routes with
average headways of 12 minutes. Stations were then input using approximate locations
from the Clark County Ariel Map. The results were one transit line each direction with
buses operating at headway published on the respective CAT route timetables (RTC
2004). Dwell time was entered as an approximate distribution required by VISSIM.

Signals were input into the VISSIM model by processed signal log data provided by
FAST. NEMA Controller was used to give signal details in VISSIM. The average travel
times through the corridor are the measurable outcomes for calibration. Turning
movements at all the intersections were then input into the model as static route choices.
Route guidance was specified for vehicles to follow the route to account for given turning
movements.

VISSIM is capable of generating vehicles on any link. However, vehicles must be
“generated at the entry point into the model. To ensure that the correct number of vehicles
pass through the intersection, the vehicles generated per hour would need adjustment at
each source in order to balance the network. The network was balanced so that the
entering vehicles in the link were equal to the exiting vehicles from the link. Exiting and
entering driveways was ignored. It would be impractical and too time-consuming to input
every driveway for each segment. The midblock pedestrian crossing was modeled as
pseudo signal in this case study. The calibration process was done and validated with the
field travel times on all segments other than two crosswalk locations. Then the crosswalk

locations were modeled as pseudo signals in calibrated model.
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3.4.2 Pseudo Signal Design

Pseudo signal is a modeled signal at midblock pedestrian crossing location which
reproduces the activities happen at midblock pedestrian crossing. The study area consist
two midblock pedestrian crossings at Maryland Parkway-Delmar street intersection and
at Maryland Parkway-East University Avenue intersection. Instead of midblock

pedestrian crossing, four legged intersection was created with an actuated signal

controller.

Arterial Arterial
sueujsepad o l l l f U l H
, Minor Street Minor Street
PMiddbl?Fk /"H“l “”]
edestrian
Crosswalk II I To Pedestrians

Existing Midblock Modeled Pseudo Signal
Pedestrian Crossing for Midblock pedestrian

Crossing
Figure 3-4  Modeled Pseudo Signal for Existing Midblock Pedestrian Crossing
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The number of pedestrians crossing the road at the crosswalk location was converted
into equivalent number of vehicles in respective direction. Eastbound pedestrians
crossing the road at the crosswalk location were converted into equivalent eastbound
vehicles and westbound pedestrians were converted into equivalent westbound vehicles.
Pedestrian counts, the crossing time of pedestrians, and number of pedestrian occurrences
were surveyed at two mid-block pedestrian crosswalks at midday between 11:00 AM to
11:45 AM for eastbound pedestrians and 12:00 PM to 12:45 PM for westbound
pedestrians. One pedestrian occurrence was counted as when the vehicle stops for the
pedestrian(s) to cross the road at midblock pedestrian crossing location. A pedestrian
count obtained for 45 minutes was converted into pedestrians per hour. Number of
pedestrian occurrences also converted into pedestrian occurrences per hour. Minimum,
maximum and average pedestrian crossing times were computed from the surveyed data.
To design a crosswalk as an actuated signal controller, maximum and minimum green
splits, cycle length was required.

The number of occurrences of pedestrians is converted into number of equivalent
actuations by vehicles, i.e. the pedestrian occurrence at the beginning of crosswalk was
considered as the approaching vehicles on the detectors in respective direction. The cross
direction vehicles (NB and SB) yielding to pedestrians on field were considered as
conflicting direction vehicles (NB and SB) stopping for Eastbound Right (WBR) and
Westbound Right (WBR) vehicles. Actuated signal was designed as two phase signal.
First phase NB and SB direction and second phase as WBR and EBR direction. Total
number of occurrences of pedestrians per hour is equal to the total number of actuations

by vehicles per hour. The cycle length of a pseudo signal is equal to seconds per hour
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divided by number of occurrences in the field per hour. The signal timings were
calculated as follows:
e The maximum green split on Minor Street is equal to the maximum crossing
time of pedestrian.
e The minimum green split on Minor Street is equal to the average crossing
time of pedestrian.
e Major Street (Arterial) green split is calculated as difference of cycle length

and green split of Minor Street.

These values are entered into NEMA Controller in VISSIM software. However the
number of pedestrians on the field was not équal to the number of vehicles in simulation.
So, the equivalent number of vehicles in simulation was found by trial and error
procedure. To start with, the number of pedestrians surveyed on the field was entered into
the network and ran simulation. The above design procedure was shown as Flowchart in

Figure 3-5.
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Collect # of Pedestrians, Crossing
Time, # of occurrences of Pedestrians

from the Field
A 4 v A 4
Calculate Maximum Crossing
Time as Maximum Green, Calculate Cycle Length = Input # of Pedestrians as
Average Crossing Time as Total Time taken per # of Vehicles in Vissim
Minimum Green for Minor actuation (occurrence) (Base Trial or Trial 1)
Street
Y.
Calculate Maximum Run a Vissim Model
Green for Arterial = and Collect Signal
Cycle Length — P Change Details From |«
Maximum Green for output file for pseudo
Minor Street signal Controller

Yes Is the Total Green time from Derive the Total
simulation = Total Crossing time Simulation Green time
of Pedestrians from Field. for Minor Streets

Calculate Green time
per vehicle (Green time
in simulation/number of

vehicles in network)

Calculate Number of Calculate Number of
% of Equivalent Vehicles for # additional vehicles vehicles to be input in
of Pedestrians in the field required = Difference > next trial = # of
in Green time/ Green vehicles + # of
time per vehicle additional vehicles

Figure 3-5 Flowchart of Pseudo Signal Design
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VISSIM is flexible simulation software and have more options for evaluation of
results. The simulation was performed and the Signal change output file was generated
using the option in evaluation type of VISSIM output file. The typical output file was
shown in the Table 3-3. The signal change output file provided a chronological list of all
signal group (phase) changes of all selected signal controllers. A signal controller was
given in each signal and phase numbers were given for all phases in that particular signal

controller.

The output file (*.LSA) contains:
> File title
* Path and name of the input file (File)
> Simulation comment (Comment)
> Date and time of the evaluation (Date)
> List of all signal groups

> Data section containing one line for each signal change event of each signal group.
The columns contain the following data (from left to right):

- Simulation time [s]

- Cycle time [s]

- SCJ (Signal Controller) no.

- Signal group no.

- New signal state

- Time since last signal change (= length of previous signal display)

- SCJ type
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Table 3-3 Sample Output File for Signal Change

Time
Simulation New since
Cycle SCJ Signal | Signal last | Controller | Signal
Time Time | Group | State State Type Change
13 71 1 2 green 13 NEMA
13 138 3 6 green 13 NEMA
13 138 3 2 green 13 NEMA
13 118 4 6 green 13 NEMA
13 13 2 2 green 13 NEMA
19 19 5 5 amber 18 NEMA
19 19 5 1 amber 18 NEMA
21 21 2 6 amber 20 NEMA
22 22 5 5 red 3 NEMA
22 22 5 1 red 3 NEMA
23 23 6 5 amber 22 NEMA
23 23 6 1 amber 22 NEMA
23 23 S 6 green 23 NEMA
24 24 2 6 red 3 NEMA
25 25 2 S green 25 NEMA
26 26 6 5 red 3 NEMA
26 26 6 1 red 3 NEMA
27 27 6 6 green 27 NEMA
30 88 1 6 amber 29 NEMA
33 91 1 6 red 3 NEMA

From the signal change output file, the total green time in simulation of the required
signal group was derived. Then, this total green time was compared with the average total
pedestrians crossing time in the field of that direction (i.¢) the eastbound vehicles total
green time was compared with average total Eastbound pedestrians crossing time. The
average total eastbound pedestrians crossing time can be calculated as product of average

crossing time of all pedestrians and the number of occurrences of pedestrians per hour.
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After a few trials, both were nearly equal and the numbers of equivalent vehicles were
found. Both the pedestrian crosswalks were designed as actuated signal controller and the

travel time was recorded for evaluating purposes.

3.5  Model Calibration
3.5.1 Identification of calibration parameters

Once the model design was completed, variables within VISSIM had to be selected
for calibration. The proposed calibration procedure was similar to part of the procedure
used by Park and Schneeberger (2003) in their research. Since VISSIM has many global
variables which can be changed from the default values, it was necessary to determine
which variables had the greatest impact on the travel times being used for calibration.

To determine which of these variables had the greatest impact on travel times, all
reasonably possible variables were identified and the default values recorded. Each
parameter has its own acceptable range which was used for calibration process. Next,
each parameter was assigned a feasible minimum and maximum value. Theses
parameters include the desired speed distribution, lane-change distance, number of
observed preceding vehicles, average standstill distance, additive part of desired safety
distance, waiting time before diffusion, and minimum headway.

Desired Speed Distribution

The desired speed distribution is an important parameter with a significant influence
on roadway capacity and achievable travel speeds. The desired speed is the speed a
vehicle “desires” to travel at if it is not hindered by other vehicles. This is not necessarily

the speed at which the vehicle travels in the simulation. If not hindered by another
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vehicle, a driver will travel at his or her desired speed (with a small stochastic variation
called oscillation). The more vehicles differ in their desired speed, the more platoons are
created. If overtaking is possible, any vehicle with a higher desired speed than its current
travel speed is checking for the opportunity to pass - without endangering other vehicles.
The default speed distribution is (20, 30) mph. The speed distribution used is (24.5, 47.9)
mph. The desired speed distribution was the s-curve with minimum 24.5 mph, 15"
percentile 27.9 mph, 85" percentile 37.8 mph and maximum 47.9 mph.
~ Lane Change Distance

The lane-change distance parameter is used along with the emergency stopping
distance parameter to model drivers’ behavior to stay on their routes. The lane-change
distance defines the distance at which vehicles will begin to attempt to change lanes. The
default value for lane-change distance is 656 feet. Acceptable values for lane-change
distance were 492 ft to 984 ft. These values were selected to ensure a vehicle had a
reasonable distance to make a lane change before it reached the intersection. Too small
values would force vehicles into the emergency stopped condition.
Number of Observed Preceding Vehicles

The number of observed preceding vehicles affects how well vehicles in the
network can predict other vehicles’ movements and reacts accordingly. The VISSIM
default value for this parameter is two vehicles. One to three vehicles were used in this
study.
Average Standstill Distance

Average standstill distance defines the average desired distance between stopped

cars and also between cars and stop lines, signal heads and so forth. The default value for
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average standstill distance is 6.56 ft. Acceptable ranges of values used for this parameter
were 3.28 ft to 9.84 ft. Larger or smaller values appeared to be unreasonable.
Waiting Time before Diffusion

Waiting time before diffusion defines the maximum amount of time a vehicle can
wait at the emergency stop position waiting for a gap to change lanes to stay on its route.
When this time is reached, the vehicle is taken out of the network (diffusion). Sixty
seconds is the default value. Other values used in the study were 20 and 40 seconds.
Minimum Headway

The minimum headway distance defines the minimum distance to the vehicle in front
that must be available for a lane change in standstill condition. The default value is 1.64
ft. the acceptable range used in the case study was between 1.64 ft and 13.12 ft. The
default value appeared to too small of a distance for vehicles to attempt a lane change. It
did not appear realistic that a vehicle would attempt a lane change given headway of 1.64
ft. As a result, larger values were assumed to be more reasonable.

The simulation was run twenty times with all default variables entered into the model.
Simulated travel times were recorded for all travel time section along the northbound and
southbound of the Maryland Parkway arterial. Next, each parameter was individually
assigned the feasible minimum and maximum values, while maintaining the default
values for every other variable. The simulation was run, and respective travel times were
recorded for each scenario. The same random seed number was used in the default and
trial simulations. The travel times generated by the minimum and maximum values were
then compared to the travel times generated by using all default values. Then the

combinations of values of different calibration parameters were used to match the
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simulated travel time with the obtained field travel time. The closest simulated travel time
and the actual travel time from the field were chosen for each segment. Methods for
comparing the two distributions included calculating the test statistics mentioned in
Hourdakis (2003), comparing the sample means and standard deviations, and comparing
the two proportion histograms. But due to eight travel time segments in each direction,
only error difference was calculated and restricted to 30% difference between field travel
time and simulated travel time. From the standard deviation of twenty runs with 5% error,

the number of runs was calculated.
VA
Number of Runs >
€2
Where Z = Z value of 95% confidence interval
S = Travel time standard deviation of sample runs
€ = acceptable error of travel time in sec
With above equation, each segment gives different number of runs and the maximum
was 353 runs and the second maximum was 44 runs. Because of time limitations, the

second maximum was considered. Each simulation run was executed 50 times, with each

run using a different random seed value.

3.6 SYNCHRO Optimization of Offsets and Splits
The validated model was built in SYNCHRO with same intersection turning volumes,
lane geometry and green splits. SYNCHRO v5.0 is macroscopic simulation software was
used only for optimization of offsets and splits of the arterial corridor. All other model

parameters were transferred to SYNCHRO including the actuated signal controls (pseudo
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signal) which was designed at cross walk locations. Different cases were performed using
optimization of offsets of the network.

First, the offsets of the network were optimized without crosswalk. The obtained
offsets were transferred to VISSIM no crosswalk model and VISSIM with crosswalk
model. The MOEs like travel time, delay, queue length and number of stops were
obtained through simulations.

Second, two crosswalk locations (pseudo signal) were selected as actuated
uncoordinated in signal window of SYNCHRO and other four intersections were selected
as pre-timed control, then the model was optimized for offsets and splits. The splits at
actuated uncoordinated signals were locked in order to use the field splits which were
obtained from pedestrian walking time. The optimized offsets were transferred to
VISSIM model and the measures of effectiveness were generated with the simulation
runs.

Third, the two crosswalk locations (pseudo signals) were changed to actuated-
coordinated in SYNCHRO 1i.e. the actual signals were used at two crosswalk locations.
The splits at actuated coordinated signals were locked in order to use the field splits
which were obtained from pedestrian walking time. Then the model was optimized for
offsets. The optimized offsets were transferred to VISSIM model and the measures of

effectiveness were generated with the simulation runs.
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CHAPTER 4

CASE STUDY

The objective of this research is to evaluate the impact of midblock pedestrian
crossing on arterial level of service and to develop the methodology to model the
midblock pedestrian crossing as pseudo signal. The following steps were considered in
this case study.

Using the methodology as explained in previous chapter, data was collected from the
field and the model was developed in VISSIM 4.20, calibrated to reproduce the actual
operations at the study location during the midday period. The pseudo signal was
modeled at the two crosswalk locations in the study area. Since the network has 9
intersections, the calibration to the exact match with the field travel times was more
difficult. This Calibrated model with midblock pedestrian Crosswalk called as Case 1.
Also, total delays, queue length and number of stops were obtained through simulations
in VISSIM for entire network to see the effect of midblock pedestrian crossing on arterial
traffic.

Based on Calibrated model, evaluate the MOEs without pedestrian crossing hereafter
called as “Case 2”. Case 2 represents the typical practice in the field that underestimates
the delays at midblock pedestrian crossing locations. To evaluate the effect of midblock

pedestrian crossing on arterial traffic, Case 1 and Case 2 was compared.
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Case 3 is evaluating the MOEs of the arterial using the model without midblock
pedestrian crossing using the optimized offsets and splits from SYNCHRO without
midblock pedestrian crossing. This is just repeating the Case 1 condition but with
optimized offsets. With the same offsets and splits from SYNCHRO, evaluate the MOEs
of the arterial using the model with midblock pedestrian crossing. This scenario 1s called
as Case 4. Case 3 and Case 4 was compared to see the effect of midblock pedestrian
crossing on arterial traffic after optimization of offsets.

In Case 3, the pedestrians were not accounted at midblock pedestrian crossing and
only the intersections were considered while optimizing the offsets and splits in
SYNCHRO. In order to account for pedestrian traffic at midblock pedestrian crossing,
pseudo signal at midblock pedestrian crossing was considered as actuated-uncoordinated
signal and the offsets and splits were optimized. With this optimized offsets and splits,
VISSIM model with midblock pedestrian crossing was run to obtain the MOEs of
arterial. This was called as Case 5. Case 4 and Case 5 was compared to see the impact of
incorporation of pedestrians while optimizing the offsets and splits on arterial traffic.

In order to test the impact of actual signals at midblock pedestrian crossing, the
pseudo signals at midblock pedestrian crossing was optimized for offsets and splits as
actuated-coordinated signal. With this optimized offsets and splits, the VISSIM model
with midblock pedestrian crossing as pseudo signal was run to obtain the LOS of arterial.
This situation was called as Case 6. Case 6 was compared with Case 4 and Case 5 to see
the effectiveness of actual signals in place of midblock pedestrian crossing.

To evaluate the impact at different traffic conditions, the same procedure was

followed for AM and PM peak traffic and the results for entire network was generated for
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cases 3, 4, 5 and 6. Since, the pedestrian flow data was not available for AM and PM
peak traffic, the same pedestrian data and same midday pedestrian flow was used for AM
and PM traffic. Green splits, cycle length and offsets for Maryland Parkway corridor
along study area was derived from Signal Event Log for AM traffic and for PM traffic,

the same midday signal data was used.

4.1 Case 0 — Field Travel Times

To determine actual travel times for calibrating the simulation model, a standard
license plate survey was conducted on November 7, 2006 (Tuesday) on northbound and
southbound Maryland Parkway between the hours of 11:00 AM and 1:00 PM. Observers
were stationed at downstream of nine intersections including mid-block crossing
locations as shown in Table 4-1.

The observers recorded the first three characters on each license plate as well as the
time at which the vehicle crossing the downstream location. The recorded times between
matching license plates produced average link travel time at each of the eighteen
segments. The North bound segments are Tropicana to Elizabeth, Elizabeth to University
Road, Univérsity Road to Del Mar, Del Mar to Harmon, Harmon to University East,

University East to Rochelle, Rochelle to Cottage Grove and Cottage Grove to Flamingo.
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Table 4-1

Maryland Parkway Intersections between Tropicana and Flamingo

No. Cross streets on Maryland Parkway Type of Intersection

1 Tropicana Avenue Signalized Intersection

2 Elizabeth Unsignalized Intersection

3 University Road Signalized Intersection

4 Del Mar Street Midblock Crosswalk Location /
Unsignalized Intersection

5 Harmon Avenue Signalized Intersection

6 University East Midblock Crosswalk Location /
Unsignalized Intersection

7 Rochelle Avenue Unsignalized Intersection

8 Cottage Grove Unsignalized Intersection

9 Flamingo Road - Signalized Intersection

The Southbound segments are Flamingo to Cottage Grove, Cottage Grove to
Rochelle, Rochelle to University East, University East to Harmon, Harmon to Del Mar,
Del Mar to University Road, University Road to Elizabeth and Elizabeth to Tropicana.

Table 4-2 and Table 4-3 shows the calculated travel times on each segment.

Table 4-2 Link travel time on Maryland Parkway NB from license plate study

Segment Travel Time Standard Sample size
(sec) Deviation
Tropicana - Elizabeth 13.6 2.20 88
Elizabeth — University Road 21.1 6.97 58
University Road — Del Mar 22.1 11.90 82
Del Mar - Harmon 27.0 12.78 36
Harmon — University East 18.9 5.09 36
University East - Rochelle 15.3 2.84 173
Rochelle — Cottage Grove 4.8 2.13 115
Cottage Grove — Flamingo 52.8 19.24 65
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Table 4-3 Link travel time on Maryland Parkway SB from license plate study

Segment Travel Time Standard Sample size
(sec) Deviation

Flamingo — Cottage Grove 22.9 1.81 31
Cottage Grove - Rochelle 6.0 1.43 19
Rochelle — University East 17.5 5.15 20
University East - Harmon 19.9 10.22 53
Harmon — Del Mar 24.4 7.89 78
Del Mar — University Road 19.6 15.42 51
University Road - Elizabeth 27.2 7.07 61
Elizabeth - Tropicana 79.2 23.02 55

42  Case 1 - Calibrated Model with Midblock Crossings as Pseudo Signal

The geometry of Maryland Parkway was necessary to obtain for an accurate model.
The digital aerial photography was obtained from the Clark County Department of Public
Works website which was used for exact dimensions of the study nctwork. Bus
timetables along Maryland Parkway, Flamingo and Tropicana were accessed on the
website for Citizen’s Arca Transit (CAT) on November 29, 2004. Bus stop locations
were determined through the aerial photography published by Clark County Department
of Public Works website.

The green times, cycle lengths, offsets, cycle phasing, and signal actuation design can
be derived from signal log as discussed in methodology (Chapter 3). Tropicana was taken
as master intersection and nort'hbound start of red was taken as reference phase. Total
splits and offsets along study network were shown in Table 4-4 and phase diagrams with
phase durations were shown in Figure 4-1. The Shaded phase of the intersections shown

in Figure 4-1 represents the reference phase.
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Table 4-4 Total splits and offsets on Maryland Parkway along Study Network

offset | SBT | SBL | NBT | NBL | EBT | EBL | WBT | WBL
Tropicana/ 0 | 37| 22 | 34| 18|60 | 29| 56 | 16
Maryland
University
Road/Maryland 34 93 106 13 34
Harmon/
Maryland 14 71 16 | 68 13 37 9 47 19
Flamingo/ 81 | 47 | 23 | 44 | 20 | 55 | 18 | 55 | 18
Maryland

Intersection volumes, Lane geometry were collected from Kimley-Horn Associates
for the AM and PM peak hours. Since this study is on midday period, with the help of
traffic counts from Nevada Department of Transportation the intersection turning
movements were adjusted with the factors as described in the Methodology '(Chapter 3).

The modcl was built in VISSIM 4.20 with all adequate geometry conditions. Each

" segment was built as links and connectors were given to connect the lanes. The green
splits, conflicting phases and offsets were entered into NEMA Controlier of VISSIM
4.20. Travel time sections were given from downstream to downstream intersection as
surveyed in the field. As discussed in methodology (Chapter 3), the speed distribution
was obtained from Merrill (2005). As a global calibration parameter speed distribution

existing at the field was input to thc model.
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Maryland-Tropicana, Offset =0 Maryland-University Road, Offset = 34
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Key: Shaded phase represents the reference phase of the intersection

Figure 4-1 Phase Diagrams and Signal Timings of Signalized Intersections in Study
Area

4.2.1 Pseudo Signal Design

The midblock pedestrian crossing was modeled as a four legged signalized herein
referred to as a “pseudo signal”. Timing parameters of this pseudo signal were designed
so as to reproduce the observed effect of the crossing on vehicular traffic. Operational
parameters to be determined are number of pedestrians crossing the road at crosswalk
location which was converted into equivalent number of vehicles in respective direction.

Actuated signal was designed as two phase signal. First phase NB and SB direction and
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second phase as WBR and EBR direction. Green splits and cycle length were calculated
as discussed in the methodology (Chapter 3).

Pedestrian counts were taken at the mid-block crosswalks on November 9, 2006
(Thursday) between 11:00 AM to 11:45 AM in Eastbound direction and 12:00 PM to
12:45 PM in westbound direction and then projected from 45 minutes count to hourly
counts. Pedestrian crossing times and the number of pedestrian occurrences were
surveyed on November 9, 2006 along eastbound direction of crosswalks from 11:00 AM
to 11:45 AM and along westbound direction of crosswalks from 12:00 PM to 12:45 PM.
The observed pedestrian flow and crossing times were tabulated in Table 4-5. One
occurrence was counted as when the vehicles stop for pedestrian(s) to cross the road at

the midblock crossing from one end to other end.

Table 4-5 ~Pedestrian occurrences and crossing time at crosswalk locations
Del Mar Crosswalk University East Crosswalk
Westbound | Eastbound Westbound Eastbound
Number of Pedestrians Per 116 121 28 77
Hour
Maximum Cr_ossmg time of 7 7 7 . 29
Pedestrian (sec)
Minimum Crossing time of
Pedestrian (sec) 16 13 13 14
Average crossing time of
Pedestrian (sec) 20 20 20 19
Number qf occurrences/Hr. 60 69 40 55
(average of 2 days of surveys)
55
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Calculation of Signal Timines of Pseudo Signal:

Maximum total split of Minor Street was considered as Maximum of Eastbound and
Westbound Crossing time. Minimum total split of Minor Street was taken as average
crossing time of pedestrian. Yellow time was assumed as 3 sec and all-red time Was
assumed as 1 sec. Green time was calculated as difference of total split and yellow and

all-red time. The Signal timings was shown in Table 4-6

Table 4-6 Signal Timings of Minor Street at Pseudo Signal

Del Mar University East
Westbound | Eastbound Westbound Eastbound
Right (sec) | Right (sec) Right (sec) Right (sec)
Maximum Total Split
(Maximum of EB and WB) - 27 27 29 29
Minimum Total Split (Average
Crossing Time of Pedestrian) 20 20 20 20
Yellow Time 3 3
All Red Time 1 1 1 1
Maximum Green Time 23 23 25 25
Minimum Green Time 17 17 17 17

Calculation of Cycle Length:

Total number of occurrences of pedestrians per hour is equal to the total number of
actuations by vehicles per hour.
Total number of actuations per hour (consider maximum) on Del Mar = 69
Total number of actuations per hour (consider maximum) on University East = 55
Cycle length = Seconds in an hour/Number of occurrences in an hour
Cycle length = 3600/ Number of actuations per hour = 3600/69 = 52 sec

Cycle length = 3600/55 = 66 sec
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Calculation of Total Splits on Major Street:

Major Street (Arterial) Total split = cycle length — Maximum total split of Minor Street.
Maryland Parkway NB total split at Del Mar = 52 — 27 = 25 sec
Maryland Parkway SB total split at University East = 66 — 29 =37 sec

To convert the eastbound pedestrians and westbound pedestrians into equivalent
eastbound vehicles and equivalent westbound vehicles, the actual numbers of pedestrians
were entered into network as an input for iteration 1. The derived green splits and cycle
length values were entered into NEMA Controller of pseudo signals in VISSIM software
and the simulation was ran for 10 runs. From the signal change output file, the average
total green time in simulation for 10 runs) of the required signal group was derived. Then,
this total green time was compared with the average total pedestrians crossing time in the
field of that direction (i.e) the eastbound vehicles total green time was compared with
average total Eastbound pedestrians crossing time. The average total eastbound
pedestrians crossing time can be calculated as product of average crossing time of all
pedestrians and the number of occurrences of pedestrians per hour. The Typical

calculations of iteration 1 was shown in Table 4-7
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Table 4-7 Iteration 1 showing calculations of # of equivalent vehicles for pedestrians

Del Del University | University
Mar EB | Mar WB | East EB East WB

Average crossing time of pedestrian 20 20 20 20
Number of occurrences of pedestrians 66 66 55 55

Total crossing time of pgdeanaps (should 1380 1380 1100 1100

be equal to green time in field)

Total number of vehicles input in network 119 119 83 83
Total Green time from simulation 1081 1064 861 843
Difference in Green time (between field 299 316 239 957

and simulation)

Green time per vehicle from simulation
(Green time in simulation/number of 9.1 8.9 10.4 10.2
vehicles in network)

Number of additional vehicles required =

Difference in Green time/ Green time per 32.9 353 23.0 25.3
vehicle :
Number of vehicles t;) be input 1n iteration 152 154 106 108

The number of vehicles to be input in iteration 2 will become input for next iteration.
After a few iterations, total crossing time of pedestrians and total green time from
simulation were nearly equal and also the input # of vehicles was equal to the number of
vehicles to be input in next iteration. Once this was achieved, the numbers of equivalent
vehicles were found. A graph showing the iterations done and the sum of squares of error
was shown in figure 4-3. The graph was converged when the iterations was increased.
The sum of the squares of error of Iteration 6 was found to be converged. The further
iterations was continued to check the sum of the squares of error. From the graph it was
observed there was an oscillation in sum of squares of errors after iteration 6. So, the
number of vehicles obtained by iteration 6 was chosen as equivalent number of vehicles

for the equivalent pedestrians in the field for pseudo signals.

58

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



lterations Vs Sum of Squares of Error

10000 \
9000

8000 —e— Sum of Squares of

}
7000 \ Error
\
\
\
\

6000
5000
4000
3000 -
2000 \

1000 -
Y

0 2 4 6 8 10 12 14 16 18 20

Iteration Number

Sum of Squares of Error

Figure 4-3 Graph showing the Sum of Squares of Error in Green Time of Pseudo
Signal
4.2.2 Model Calibration
By following the methodology described in Section 3.5.1, the following candidate
global VISSIM parameters were chosen for calibration, followed by a brief definition
given by VISSIM 4.20 help manual.
e Minimum Headway: Minimum distance necessary from the subject vehicle to
the vehicle in front while stopped for a lane change. Default value is 1.64 ft.
The values used for calibration is 3.28, 6.56, 9.84 and 13.12 ft.
e Maximum Deceleration, Own Vehicle: Maximum deceleration rate of the
subject vehicle that the subject vehicle will make a lane change. The values

used were -16.40 ft/s> to -13.22 ft/s*
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e Maximum Deceleration, Trailing Vehicle: Maximum deceleration rate of the
front vehicle that the subject vehicle will make a lane change. the values used
for calibration were -13.12 ft/s* to -9.84 ft/s’

e Accepted Deceleration, Own Vehicle: Accepted deceleration rate of the
subject vehicle that the subject vehicle will make a lane change. The values
used for calibration were -6.56 ft/s> to -3.28 ft/s

e Accepted Deceleration, Trailing Vehicle: Accepted deceleration rate of the
ahead vehicle that the subject vehicle will make a lane change, -3.28 ft/s” to
-1.64 fu/s’

e Number of Observed Vehicles: Number of vehicles perceived by a subject
vehicle. The values used for calibration were 1, 2, 3 and 4.

e Average Standstill Distance: Average distance between stopped vehicles. the
values used were 13.12 to 1.64 ft

e Additive Part of the “Weidemann 74” Car-following Model: Factor involved
in the computation of desired safety distance. The values used were 1 to 3

¢ Multiplicative Part of the “Weidemann 74 Caf—following Model: Factor
involved in the computation of desired safety distance. The values used were
2t04.

e Waiting Time before Diffusion: Waiting time before diffusion defines the
maximum amount of time a vehicle can wait at the emergency stop position
waiting for a gap to change lanes to stay on its route. When this time is
reached, the vehicle is taken out of the network (diffusion). The values used

were 20, 40 and 60 sec.

60

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The above mentioned ten parameters were chosen for the process. Since, there are 18
travel time segments; the calibration was done with simplified methodology as mentioned
in following steps:

e Travel time for default model was generated.

e Travel times for the entire network segments were generated for each of the
above said parameter with maximum and minimum values.

e Differences were recorded between these values and those calculated from
travel times generated using the default values for all model parameters.

o If the difference is more than 5% in any of the one travel time segment, then
those parameters were considered for calibration.

e Only three parameters, minimum headway, average standstill distahce and
waiting time before diffusion met the criteria for the following values.

e Minimum headway 9.84 ft and 13.12 ft, average standstill distance 3.28 ft,
9.84 ft and the waiting time before diffusion 20 sec. The values were tabulated
in Table 4-8.

e When other parameters were changed, only 0.1 to 0.3 sec of difference can be
seen between the default value travel time and the parameter changed travel
time.

e The travel times obtained from the values of these three parameters was
compared with the travel times from the field.

e Then combinations were made between these five values of three parameters
(named as ACE, ACD, BCE and BCD. refer A, B, C, D and E from Table 4-9)

and model was calibrated with those combinations.
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Table 4-8 Travel time of individual calibration parameters

Field Avg. Waiting Minimum
Segment Value Standstill Time before | Headway (ft)
(sec) | Distance (ft) Diffusion
Northbound 13.12 | 3.28 20 sec 9.84 13.12
Naming for Combination A B C D E
Tropicana — Elizabeth 136 | 119 118 11.8 12.0 12.2
Elizabeth — University Road 21.1 | 19.7 19.7 19.8 19.7 19.9
University Road — Del Mar 22.1 | 2381 237 23.6 23.7 23.8
Del Mar - Harmon 27.0| 298| 29.7 29.9 29.9 29.9
Harmon — University East 18.9 24 24 23.9 23.9 24.2
University East - Rochelle 153 159 158 15.8 15.7 15.8
' Rochelle — Cottage Grove - 4.8 6.9 4.4 4.5 4.4 4.4
Cottage Grove — Flamingo 5281 6141 58.1 54.3 57.8 58.9
Southbound
Flamingo — Cottage Grove 2291 241 | 23.6 24.1 24.1 24.3
Cottage Grove - Rochelle 6.8 4.2 4.2 4.2 4.2 4.2
Rochelle — University East 17.5] 21.8) 21.7 21.8 21.9 22.1
University East - Harmon 199 234 232 23.2 23.3 24.3
Harmon - Del Mar 2441 2611 259 26.1 26.1 27.1
Del Mar — University Road 19.6 | 189 189 18.6 18.9 18.9
University Road - Elizabeth 2721 290 26.6 26.9 26.9 279
Elizabeth - Tropicana 79.2 1 115.1 ] 110.1 106.1 113.1 116.1

e The recorded travel time was shown in table 4-9. Almost in all the four
combinations, the travel time segments are equal other than the last segment
of Northbound and Southbound. So, the model which has travel time close to

_ the field travel time for these segments was considered as calibrated model.

e The sum of the squares of the difference between the field travel time and
calibrated time was found and the combination that has the minimum sum of
squares of error was considered as final calibrated model. In tf;is case Model

BCD is considered as calibrated model.
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Table 4-9 Travel Time of Combinations of Calibration Parameters

Field ACE | ACD BCE BCD

Segment Values
Northbound (Sec) (sec) (sec) (sec) (sec)
Tropicana — Elizabeth 13.6 12.2 12.1 12.1 12.1

Elizabeth — University Road 21.1 19.9 19.9 19.9 19.9
University Road — Del Mar 22.1 23.8 23.7 23.8 23.7
Del Mar - Harmon 27.0 29.9 29.9 29.8 29.9
Harmon — University East 18.9 24 24.1 24.1 24.0
University East - Rochelle 15.3 15.9 16.1 15.9 15.9

Rochelle — Cottage Grove 4.8 4.6 4.6 4.4 4.4

Cottage Grove — Flamingo 52.8 59.3 59.1 57.2 56.9
Southbound

Flamingo — Cottage Grove 22.9 24.1 24.2 24.1 24.1

Cottage Grove - Rochelle 6.8 4.2 4.2 4.2 4.2

Rochelle — University East 17.5 21.8 21.8 21.9 21.8
University East - Harmon 19.9 23.2 23.2 23.2 23.1
Harmon — Del Mar 24 .4 26.1 26.1 26.4 26.1

Del Mar — University Road 19.6 18.6 18.6 18.7 18.6
University Road - Elizabeth 27.2 27.5 274 27.2 27.1
Elizabeth - Tropicana 79.2 110.9 111.2 | 114.6 109.1

From the travel time standard deviation of twenty runs with 5% of travel time in sec
was considered as error in travel time, the number of runs was calculated.

7> §?

Number of Runs >
€2

Where Z = 7 value of 95% confidence interval
S = standard deviation of sample runs
€ = error of travel time in sec
With above equation, each travel time segment gives different number of runs and the
maximum was 353 runs and the second maximum was 44 runs. Because of time
limitations, the second maximum was considered. Each simulation run was executed 50

times, with each run using a different random seed value. The difference between the
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Travel time from Field and travel time of calibrated model was shown in Table 4-10 and

4-11.

Table 4-10  Field Travel Times and Calibrated Travel Time of Maryland Parkway NB

Field Travel | Calibrated | Difference
Segment Time — Case | Travel Time ip Travel . ‘%
0 (sec) — Case Time (sec) | Difference
2(sec)

Tropicana - Elizabeth 13.6 12.1 -1.5 -11 %
Elizabeth — University Road 21.1 19.9 -1.2 -6 %
University Road — Del Mar 22.1 23.7 1.6 7 %

Del Mar - Harmon 27.0 29.9 2.9 11 %
Harmon — University East 18.9 24.0 5.1 27 %
University East - Rochelle 15.3 15.9 0.6 4%
Rochelle — Cottage Grove . 4.8 4.4 -0.4 -8 %
Cottage Grove — Flamingo 52.8 56.9 4.1 8 %

For most of the segments, the percentage difference in travel time between field and
calibrated model is less than 15% except, Harmon-University East in northbound,
Rochelle-University East in southbound, the percentage difference is around 25% and
Elizabeth-Tropicana in northbound the percentage difference is 38%. As, it is really
difficult to caiibrate all the segments to obtain 0% difference, this model was accepted as

calibrated model.
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Table 4-11  Field Travel Times and Calibrated Travel Time of Maryland Parkway SB

Calibrated

Difference

Field Travel . i Difference
Segment Time — Case Travel Time | in Travc] in Travel
0 (sec) — Case 2 Time Time
(sec) (sec)
Flamingo — Cottage Grove 229 24.1 1.2 5 %
Cottage Grove - Rochelle 6.0 4.2 -1.8 -30 %
Rochelle — University East 17.5 21.8 4.3 25 %
University East - Harmon 19.9 23.1 3.20 16 %
Harmon — Del Mar 24.4 26.1 1.7 7 %
Del Mar — University Road 19.6 18.6 -1.0 -5 %
University Road - Elizabeth 27.2 27.1 -0.0 0 %
Elizabeth - Tropicana 79.2 109.1 29.9 38 %

From Figure 4-4, the difference in travel time was low for most of the travel time

segments except in northbound, Harmon - University East. Harmon-University East in

northbound is a crosswalk location and estimating more delays. From figure 4-5, in

southbound, Cottage Grove-Rochelle is smaller segment hence, can be ignored. Rochelle-

University East is a crosswalk location where the big difference can be seen in travel

times. The crosswalk at University East as represented by the pseudo signal was

producing higher delays in both northbound and southbound direction. The other

crosswalk at Del Mar has 7% difference between field and calibrated travel time.

Elizabeth — Tropicana is the last segment of the network, where travel time is much

higher than the observed travel time which implies the over estimation of delays.
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4.2.3 Statistical Analysis

One of the statistical tests used to see whether the difference between means of Field
Travel Time and the simulated travel time was significant or not was Two Samples-
Estimatiﬁg the Difference between Two Means (Two-Sample Pooled T-Test). Since the
data is from different experimental unit, it was considered as unpaired. The statistical
software Minitab 15 was used to perform Two-Sample Pooled T-Test. The hypothesis
testing was done with Null Hypothesis (Hy) as the difference in means was zero. If null
| Hypothesis was accepted then there was no significant difference between the field travel
time and the simulated travel time. The alternate hypothesis (H;) as the difference in
means was not equal to zero. If alternate hypothesis was accepted then there was
significant difference between the field travel time and the simulated travel time.
Statistical testing was done for 95% confidence interval.

Null Hypothesis, Ho: p1 - p2=0

Alternate Hypothesis, Hi: pj- np# 0

Two-Sample T-Test and Cl

Sample N Mean StDev SE Mean
1 88 13.60 2.20 0.23

2 50 12.100 0.270 0.038
Difference = mu (1) - mu (2)

Estimate for difference: 1.500
95% CI for difference: (1.028, 1.972)
T-Test of difference = 0 (vs not =): T-Value = 6.31 P-Value = 0.000 DF = 91

The sample test result from the Minitab 15 was shown above. Accept the alternate

hypothesis if P-Value is less than 0.05, which indicates that the difference between the
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means is not equal to zero. In the above sample, the alternate hypothesis was accepted.
Since alternate hypothesis was accepted, statistically there is difference between the field
travel time and simulated travel time.

Measure(s) of effectiveness, travel time was collected from the field to calibrate the
model. The model was calibrated in VISSIM and the simulations were run. The
difference in mean field travel time and the mean simulated travel time was statistically

tested and the results were shown in Table 4-12 and Table 4-13.

Table 4-12 Statistical Results for the difference in Travel Time of Case 0 and Case 1

on Northbound
Field Travel Calibrated Difference ..
. . . Statistical
Segment Time — Case | Travel Time — | in Travel Result
0 (sec) - Case 1(sec) Time
Tropicana - Elizabeth 13.6 12.1 1.5 Reject Hy
Elizabeth — University Road 21.1 - 199 1.2 Accept Hy
University Road — Del Mar 221 23.7 -1.6 Accept Hy
Del Mar - Harmon ‘ 27.0 29.9 2.9 Accept Hy
Harmon — University East 18.9 24.0 -5.1 Reject Hy
University East - Rochelle 15.3 15.9 -0.6 Accept Hy
Rochelle — Cottage Grove 4.8 44 0.4 Accept Ho
Cottage Grove — Flamingo 52.8 56.9 -4.1 Accept Hy
L
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Table 4-13 Statistical Results for the difference in Travel Time of Case 0 and Case 1
on Southbound

Field Travel Cahbrat.ed leference Difference
. Travel Time | in Travel .
Segment Time — Case ) in Travel
0 (sec) —Casc ] Time Time
(sec) (sec)
Flamingo — Cottage Grove 22.9 24.1 -1.2 Reject Hy
Cottage Grove - Rochelle 6.0 4.2 1.8 Reject Hy
Rochelle — University East 17.5 21.8 -4.3 Reject Hy
- University East - Harmon 19.9 23.1 -3.20 Reject Hy
Harmon — Del Mar 24.4 26.1 -1.7 Accept Hy
Del Mar — University Road 19.6 18.6 : 1.0 Accept Hy
University Road - Elizabeth 27.2 27.1 0.0 Accept Hy

Elizabeth - Tropicana 79.2 109.1 -29.9 Reject Hy

In the northbound direction, other than Tropicana-Elizabeth and Harmon-University
East, statistically there is no significant difference between field travel time and
calibrated travel time. But in southbound, only for Harmon-Del Mar, Del Mar —
University Road and University Road - Elizabeth segments statistically there is no
significant difference in the mean field travel time and mean calibrated mean travel time.
Other 5 segmerits have significant difference in mean travel time from field and

calibrated mean travel time.

43 Case 2 — Model without Midblock Pedestrian Crosswalks
The model was built-with no crosswalks and analyzed to see the effect of midblock
pedestrian crossing on arterial traffic. The four legged intersection was changed into T-
intersection at crosswalk locations which was as same as existing geometry. No
crosswalks were given at crosswalk locations. Crosswalk locations were made as stop

control. Minor streets, Del Mar and University East on Maryland Parkway were built as

-
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stop control. The simulation was ran for 50 runs and the travel time, total delay, stopped
delay and number of stops were tabulated in Table 4-13 and 4-14 for the northbound and

the southbound directions respectively.

44  Case 3 — Model with Crosswalks and Offsets Optimized only for Signalized
Intersections

The offsets and splits optimized in SYNCHRO without crosswalk model were
transferred to VISSIM pseudo signal model (Case 1). Pseudo signal design was kept
same. Optimized splits and offsets were transferred to other four signalized intersections
in VISSIM NEMA controller. This case implies offsets were optimized without
considering pedestrians. In other words, the model was optimized in SYNCHRO without
pedestrians and then pedestrians were introduced in VISSIM to see the effect of
pedestrian crossing on arterial traffic. Travel time, total delay, stopped delay and number

of stops was observed for northbound and southbound segments.

4.5 Case 4 — Model without Crosswalks and Offsets.thimized for only Signalized
Intersections
The Same model was built in SYNCHRO 5.0 without crosswalk. The two crosswalk
locations were built as unsignalized intersection with stop control. In Unsignalized
intersection, the through vehicles in arterial were set free and minor street vehicles were
made to stop. SYNCHRO was used only for optimizing splits and offsets. The model was
optimized for splits and offsets. Then, the optimized splits and offsets were transferred to

VISSIM Case 1 Model (Model with no Crosswalk). Travel time, total delay, stopped
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delay and number of stops was observed for the northbound and the southbound

segments.

4.6  Case 5 —Model with Crosswalks and Offsets Optimized with Crosswalks as
Actuated Uncoordinated Signals

The crosswalk locations in the study network were made as Actuated Uncoordinated
control in order to account for pedestrians. The pseudo signal timings and cycle length
was entered at actuated uncoordinated control. The offsets and splits were then
optimized. The splits at actuated uncoordinated control were locked in order to use the
pseudo signal timing which reflects the pedestrian activities. The optimized splits and
offsets were then transferred to VISSIM pseudo signal model (Case 2). This case implies
offsets were optimized with considering pedestrians. In other words, the model was
optimized in SYNCHRO with taking pedestrians into account. Travel time, total delay,
stopped delay and number of stops was collected for the northbound and the southbound

segments.

47  Case 6 — Model with Crosswalks and Offsets Optimized with Crosswalks as
Actuated Coordinated Signal
The crosswalk locations in the study network were made as Actuated Coordinated
control which is nothing but act as an actual signal to account for pedestrians. The pseudo
signal timings and’ cycle length was entered at actuated coordinated control. In order to
coordinate the offsets, the actuated signal cycle time should be in multiples of other

signals cycle time. The Del Mar cycle time was changed from 52 seconds to 70 seconds
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and the difference was added to Northbound and Southbound maximum green time. The
University East Cycle time was changed from 66 seconds to 70 seconds and the
difference was added to northbound and southbound maximum green time. The splits at
the pseudo signals were kept same to account for pedestrians. Other intersection splits
were optimized individually and then only offsets were optimized with the existing splits
option in offset optimization window. The optimized splits and offsets were then
transferred to VISSIM pseudo signal model with midblock crosswalk. This case implies
offsets were optimized with considering pedestrians crossing at an actual actuated signal
which is designed to account for pedestrian activity rather than for vehicles at Minor
Street. In VISSIM NEMA controllers the offsets of pseudo signals were coordinated with
other signal offsets. Travel time, total delay, stopped delay and number of stops was

collected for Northbound and Southbound segments.
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CHAPTER 5

ANALYSIS OF RESULTS AND DISCUSSION

5.1 Effect of Midblock Pedestrian Crossing on Arterial Traffic

5.1.1 Evaluation Based on Calibrated Model

Calibrated model with midblock pedestrian crosswalk (Case 1) was compared with

the model with no crosswalks (Case 2) and analyzed to see the effect of midblock

pedestrian crossing on arterial traffic. The travel time, delay, and Number of stops were

tabulated in Table 5-1 and 5-2 for Northbound and Southbound segments respectively for

Case 1 and Case 2.

Table 5-1 Travel Time, Delay and # of Stops on Maryland NB for Case 1 and Case 2

Travel Time | Total Delay Stopped Number of
Segment (sec) (veh/sec) Delay Stops
(veh/sec)

Case 1 2 1 2 1 2 1 2
Tropicana - Elizabeth 12.1 | 11.7 1.7 1.3 101 |01 ] 51 43
Elizabeth — University 199 | 194 43 3.8 1.5 1 1.4 | 259 | 248

Road
University Road — Del 237 (127 | 11.8 09 | 5500 [ 1124 O

Mar

Del Mar - Harmon 299 | 303 | 164 | 16.7 | 9.7 | 11.3 1315 | 921
Harmon — University East | 24.0 | 13.9 | 11.1 1.0 |49 ] 00 | 270 | 24
University East - Rochelle | 15.9 | 14.1 3.2 14 | 03 | 0.1 0 66
Rochelle — Cottage Grove | 4.4 4.3 0.4 03 | 0.0 | 0.0 | 762 0
Cottage Grove — Flamingo | 56.9 | 55.6 | 32.7 | 31.6 [24.2| 0.8 | 5125 | 701
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Table 5-2 Travel Time, Delay and Number of Stops on SB for Case 1 and Case 2

Travel Time | Total Delay Stopped Number of
Segment (sec) (veh/sec) Delay Stops
(veh/sec)
Case 1 2 1 2 1 2 1 2
Flamingo — Cottage Grove | 24.1 | 23.9 2.5 | 2.10 0 0.0 0 0
Cottage Grove - Rochelle | 4.2 4.2 04 | 04 | 0 [00] O 0
Rochelle — University East | 21.8 | 14.0 | 9.1 1.2 137 100 | 764 0
University East - Harmon | 23.1 | 21.8 9.4 82 | 5.1 | 43 | 530 | 401
Harmon — Del Mar 26.1 | 146 | 127 | 1.0 | 6.0 | 0.0 [ 1088 | O
Del Mar — University 186 | 16.8 | 7.1 53 | 3.6 | 3.1 | 606 | 283
Road
University Road - 27.1 | 175 |1 10.7 | 1.6 | 4.0 | 0.0 | 1300
Elizabeth
Elizabeth - Tropicana 109.1 | 843 | 957 | 71.4 [ 79.3 | 61.4 | 7453 | 1295
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Key:

Case 1 — Travel Time from Model with Midblock Pedestrian Crossing
Case 2 — Travel Time from Model without Midblock Pedestrian Crossing

Figure 5-2 Travel Time on Maryland Parkway SB for Case 1 and Case 2

The Figure 5-1 and Figure 5-2 was the graph between the mean travel time of arterial

network

with and without crosswalk in Northbound and Southbound direction. There is

significant difference between the travel times of both cases.

The two crosswalk segments University Road-Del Mar and Harmon-
University E in Northbound (NB) and Rochelle-University East and Harmon-
Del Mar in Southbound (SB) have big difference in travel time. This
difference is due to the delays caused by crosswalks.

And eventually due to delays at midblock pedestrian crosswalks, the vehicles
messed up with the signal coordination and the segments of Case 1 at

downstream of midblock pedestrian crosswalks would cause more delays than

that of Case 2.
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Total Delay on Maryland Parkway NB With and Without Croswalk
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Figure 5-3 Total Delay on Maryland Parkway SB for Case 1 and Case 2
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Key: Case 1 —Model with Midblock Pedestrian Crossing
Case 2 — Model without Midblock Pedestrian Crossing

Figure 5-4 Total Delay on Maryland Parkway SB for Case 1 and Case 2
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The Total delay caused by with and without crosswalk cases was shown in Figure 5-3
and 5-4. The observations were as follows:

e In the northbound direction, only midblock pedestrian crosswalk locations
have significant difference in delays. The University Road-Del Mar with
midblock pedestrian crossing has 11.8 sec/veh of total delay and without
midblock pedestrian crossing has only 0.9 sec/veh

¢ The other midblock pedestrian crossing at Harmon-Del Mar, for Case 1 it has
11.1 sec/veh and for Case 2 it has only 1.0 sec/veh

e In the southbound direction also, midblock pedestrian crossing locations has
high delays for with Case 1and much low delays for Case 2

e In southbound, Elizabeth-Tropicana segment experienced the much higher
delays. On field also, this segment was most of the times under grid lock
which was experienced during License Plate travel time survey. Due to the
grid lock at this segment, the previous segment University Road-Elizabeth
also experiences some stopped delay.

e When Case 2 and Case 1 were compared, it is visually evident from the
graphs; the downstream segments of with crosswalk conditions have higher

delays than the downstream segments of without crosswalk condition.
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Effect of Midblock pedestrian Crossing on Queue Length - NB
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Case 2 Max — Maximum Queue length of Model without Midblock Crossing

Figure 5-5 Queue length on Maryland Parkway NB for Case 1 and Case 2

Effect of midblock pedestrian crossing on Queue length was shown in the Figure 5-5
and 5-6 for Maryland parkway Northbound and Southbound direction respectively. Case
1 Avg. represents the average queue length and Case 1 Max. represents the maximum
queue length of intersections without crosswalks scenario and Case 2 Avg. represents the
average queue length and case 2 max. represents the maximum queue length of Case 2,
with crosswalk scenario. The observation made were

e At both crosswalks, Del Mar and University East, the maximum queue length

is equal to queue length at signalized intersections.
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e Some unsignalized intersections like Rochelle in northbound direction and
Elizabeth in southbound direction experiences maximum queue length in
simulation with crosswalk scenario (Case2). The reason for this queue length

could be these intersections located at downstream of the crosswalks.

Effect of Midblock pedestrian Crossing on Queue Length - SB
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Figure 5-6  Queue Length on Maryland Parkway SB for Case 1 and Case 2
Eff¢ct on Number of stops with and without midblock pedestrian crossing was shown
in Figure 5-7 and Figure 5-8 for Northbound and Southbound directions.
e There was high difference in number of stops than other MOEs between Case
1 and Case 2 at all signalized intersections and at midblock crosswalk

locations
¢ Due to the more number of stops in Case 2, the vehicle emissions are high.

e The fuel consumptions will be higher in Case 2 than that of Case 1
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Number of Stops on NB of Maryland Parkway
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The significant difference between with and without midblock pedestrian crossing

scenarios implies the effect of pedestrian midblock crossing on arterial traffic. Measures

of Effectiveness, travel time, total delay, queue length and number of stops were

increased due to the presence of pedestrian midblock crossings. Not only the segments

with midblock pedestrian crossings caused more delay, travel time, queue length, the

segments at downstream of midblock pedestrian crossings also have an adverse impact

due to the presence of midblock pedestrian crossings. The Comparison between Case 1

and Case 2 for entire network was shown in Table 5-3.

Table 5-3 MOE:s of Entire Network for Case 1 and Case 2 on NB and SB

Northbound Southbound
C?SG | Case 2 Iil_fzf Dof)ff Case 1 | Case 2 lgff [;){off
Tir];lr:‘(’jfh) 71| 57 | 14 | 246 | 78 55 | 23 | 418
Mid DelTa‘;t(avl_h) 30 | 18 | 12 |667| 43 | 2 | 21 | 955
Day Dsetlzg?fi) 16 | 11 s |ass| 28 | 16 | 12 | 750
Nug:})’g"f 5125 | 1870 | 3255 [ 174.1| 7421 | 1979 | 5442 | 275.0

The following observations were made from the above table:

e When, midblock crossing was considered, the travel time is increased by 14
vehicle hours in northbound direction and 23 vehicle hours in southbound
direction.

e There is significant increase in percentage of MOEs when pedestrian

midblock crossing was considered.
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o The percentage increase of number of stops when midblock pedestrian
crossing considered was huge in both directions which directly increase the

fuel consumption and emission of vehicles.

5.1.2  Effect of Optimized Offsets for with and without Midblock Crossing Models
SYNCHRO was used to optimize the offsets and splits. The model without midblock
pedestrian crossing was optimized for offsets and splits. These offsets and splits were
then transferred to VISSIM Model with midblock pedestrian crossing (Case 3) and
without midblock pedestrian crossing (Case 4). The model with midblock pedestrian
crosswalk (Case 3) was compared with the model without crosswalks (Case 4) and
analyzed to see the effect of midblock pedestrian crossing on arterial traffic after
optimization of offsets and splits. The travel time, total delay, stopped delay and number
of stops was tabulated in Table 5-4 and 5-5 for northbéund and southbound directions

respectively.

Table 5-4 Travel Time, Delay and # of Stops on Maryland NB for Case 1 and Case 2

Travel Time Total Delay Stopped Number of
Segment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 3 4 3 4 3 4 3 4
Tropicana - Elizabeth 12.0 12.7 1.6 1.3 0.1 1 01 40 38

Elizabeth — University Road | 19.7 20.8 4.2 44 09 | 1.2 | 263 | 360
University Road —Del Mar | 23.7 12.8 11.8 0.9 5.1 0.0 [ 1200 | O

Del Mar - Harmon 25.7 23.6 123 9.9 72 | 6.1 832 | 535
Harmon — University East 23.5 13.7 10.6 0.8 4.6 | 0.0 | 1225 0
University East - Rochelle 15.7 13.8 2.9 1.1 0.3 0.0 | 234 0
Rochelle — Cottage Grove 4.4 4.3 0.4 0.3 0 0.0 0 0

Cottage Grove — Flamingo 56.0 50.3 324 | 26.8 | 246|199 | 684 | 592
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Table 5-5 Travel Time, Delay and # of Stops on Maryland SB for Case 1 and Case 2

Travel Time | Total Delay Stopped Number of
Segment (sec) (veh/sec) Delay Stops
(veh/sec)
Case 3 4 3 4 3 4 3 4
Flamingo — Cottage Grove | 24.0 | 23.8 | 24 21 1001 0.0 0 0
Cottage Grove - Rochelle 4.2 4.2 0.4 03 |1 00 0.0 0 0
Rochelle — University East | 22.2 | 14.6 | 9.5 12 [ 41 ] 0.0 | 790 0

University East - Harmon | 23.6 | 24.5 | 10.1 97 | 5.1 1 47 | 629 | 546
Harmon — Del Mar 269 | 163 | 134 1.1 64 | 0.1 | 1157 49
Del Mar — University 180 | 179 | 6.7 46 | 32 | 25| 578 | 253
Road '
University Road - 19.7 | 174 | 4.0 1.6 | 0.7 |00 ] 265 | 19
Elizabeth
Elizabeth - Tropicana 729 | 53.0 | 60.3 | 409 | 4833221803 | 963

-
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Key: Case 3 —Model with Midblock Pedestrian Crossing using optimized offsets
Case 4 — Model without Midblock Pedestrian Crossing using optimized offsets

Figure 5-9 Travel Time on Maryland Parkway NB for Case 3 and Case 4
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Travel Time on Maryland Parkway SB With and Without Croswalk
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Figure 5-10  Travel Time on Maryland Parkway SB for Case 3 and Case 4

The Figure 5-9 and Figure 5-10 was the graph between the mean travel time of
arterial network with and without crosswalk in northbound and southbound directions
after optimization of offsets. There is significant difference between the travel times of
both cases.

e After optimization of offsets and splits, there is no big difference in link travel
times before and after optimization except for the segments Del Mar-Harmon
in the northbound direction and Elizabeth-Tropicana in the southbound
direction

e The segments with midblock pedestrian crossing case have high travel times

than the segments without midblock pedestrian crossing case.
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Total Delay on Maryland Parkway NB With and Without Croswalk
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Figure 5-11  Total Delay on Maryland Parkway SB for Case 3 and Case 4
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Key: Case 3 — Model with Midblock Pedestrian Crossing using optimized offsets
Case 4 — Model without Midblock Pedestrian Crossing using optimized offsets

Figure 5-12  Total Delay on Maryland Parkway SB for Case 3 and Case 4
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Effect of Midblock pedestrian Crossing on Queue Length after
Offset Optimization- NB
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Key: Case 3 — Model with Midblock Pedestrian Crossing using optimized offsets
Case 4 — Model without Midblock Pedestrian Crossing using optimized offsets

Figure 5-13  Queue length on Maryland Parkway NB for Case 3 and Case 4
Effect of Midblock pedestrian Crossing on Queue Length after
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Number of Stops on NB of Maryland Parkway
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Figure 5-16  Number of Stops on Maryland Parkway SB for Case 3 and Case 4
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On above graphs, it was clearly shown the model with midblock pedestrian crossing
has the higher travel times, delays, queue lengths and number of stops than the model
without midblock pedestrian crossing.

The model was built for AM Peak Traffic and PM Traffic with AM traffic volumes
and PM traffic volumes. The offsets and splits were also calculated for both AM and PM
networks. But due to unavailability of pedestrian flow data, the same modeled pseudo
signal for mid day traffic, repfesenting the midblock pedestrian crossing was used in AM

and PM traffic networks.

Table 5-6 MOE:s of Entire Network of Case 3 and Case 4 for NB and SB

Northbound Southbound
Case . % Case . %
Case 3 4 Diff, Diff Case 3 4 Diff Diff
Travel
Tim (och) 68 54 14 | 259 67 50 17 34.0
Total
Mid | Delay(v-h) 27 14 13 92.9 31 16 15 93.8
Day Stopped
Delagtuch) 14 8 6 75.0 19 9 10 | 1111
Number of |4 50¢ | 1581 | 2,807 | 1775 | 5.118 | 1581 | 3.537 | 2237
Stops
pv | | Travel 76 ss | 21 | 382 | 135 | 68 67 | 985
Time(v-h)
Total
Delay(v-h) 34 15 19 | 1267 ] 90 25 65 | 260.0
Stopped
Delag(uch) 18 8 10 | 1250 50 15 | 35 2333
N”g:é’g; of | 5797 | 1690 | 4,107 | 243.0 | 31.633 | 3.646 | 27.987 | 7676
Travel
AM | ) 40 32 8 25.0 37 32 5 15.6
Total
Delay(v-h) 19 7 12 171.4 19 9 10 111.1
Stopped
Delag(v.h) 10 4 6 150.0 12 6 6 100.0
N“;‘:(‘;’;; of | 3112 | 789 | 2323 | 2044 | 2818 | 969 | 1.849 | 190.8
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The travel time, total delay, stopped delay and number of stops for entire network
from Tropicana downstream to Flamingo downstream in northbound direction and
flamingo downstream to Tropicana downstream in southbound direction were tabulated
in Table 5-6. The following observations were made:

o Ignoring the pedestrians at midblock crossing and designing the arterial would
increase the total delay by 92.9% for NB and 93.8% for southbound during
mid day period.

e The number of stops has an adverse impact on arterial traffic if we ignore the
midblock pedestrian crossing. The percentage increase in number of stops was
more than 100%.

e Mid day pedestrian data flow was used for AM and PM networks which
would overestimate the delays and stops at midblock pedestrian crossing
locations because of overestimated pedestrian flow data.

e In AM and PM networks also, there is significant increase in MOEs if
pedestrian midblock crossing was considered.

5.1.3 Statistical Analysis

The effect of midblock pedestrian crossing was tested statisticaliy by paired one
sample t-test. Since both the networks were same and the only difference is midblock
pedestrian crossing, the paired t-test was done. Case 1 is the model without midblock
pedestrian crossing and Case 2 is the model with midblock pedestrian crossing. If the
difference in mean travel time of Case 2 and Case 1 was greater than zero then it was

implied that mean travel time of model with midblock pedestrian crossing (Case 2) is
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more than the mean travel time of model without midblock pedestrian crossing (Case 1).
The Hypothesis testing was done by considering,
Null Hypothesis, Ho: p - p2=0

Alternate Hypothesis, Hy: pi- p2> 0

Paired T-Test and Cl

N Mean StDev SE Mean
Difference 50 0.3300 0.3200 0.0453

95% lower bound for mean difference: 0.2541
T-Test of mean difference = 0 (vs > 0): T-Value = 7.29 P-Value = 0.000

The sample test result from the Minitab 15 was shown above. Alternate Hypothesis
was accepted, if the P-Value was less than 0.05 and it indicates that, the mean travel time
of Case 1 is greater than the mean travel time of Case 2. Alternate Hypothesis was
rejected, if the P-Value was greater than 0.05 for 95% lower bound mean difference and
it indicated that the mean travel time of Case 2 is equal to mean travel time of Case 1.

The Same Statistical test was done to see the difference between travel time of Case 3
and Case 4. Case 3 is the model with optimized offsets and splits and without midblock
pedestrian crossing. Case 5 is the model with optimized offsets and splits and with
midblock pedestrian crossing.

The statistical results were shown in Table 5-12. Except Del Mar-Harmon segment in
Northbound, alternate hypothesis has been accepted for all other segments in both
northbound and southbound directions. The mean travel time of segments of Case 2 is

greater than that of Case 1.
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Table 5-7 Statistical Results for Effect of Midblock Pedestrian Crossings

Existing offsets and splits (Case 1 | Optimized offsets and splits (Case 3
and Case 2) and Case 4)
Difference | p | giatistical | DTN | p | giatistical
in Mean Value Results in Mean Value Results
TT Y TT
Northbound ‘
Tropicana -
Elizabeth 0.33 0.000 | AcceptH, 0.25 0.000 Accept H,
Elizabeth — .
University Road 0.43 0.000 | Accept H, -0.25 0.999 Reject H,
University Road
el Mar 10.98 0.000 | Accept H; 10.87 0.000 | Accept H;
Del Mar - 041 | 0923 | Reject H, 2.16 0.000 | AcceptH,
Harmon
Harmon —
University East 10.13 0.000 | Accept H, 9.77 0.000 | AcceptH,
University East -
Rochelle 1.83 0.000 | AcceptH, 1.89 0.000 Accept H;
Rochelle — )
Cottage Grove 0.12 0.000 | Accept H; 0.12 0.000 Accept H,
Cottage Grove — 131 | 0.000 | AcceptH, | 570 | 0.000 | AcceptH,
Flamingo
South Bound
Flamingo —
Cottage Grove 0.25 0.000 | Accept H; 0.20 0.000 Accept H;
Cottage Grove - .
Rochelle 0.06 0.000 | AcceptH, -0.01 0.557 Reject H,
Rochelle —
University East 7.81 0.000 | Accept H; 8.23 0.000 Accept H;
University East - 131 ° | 0.000 | AcceptH, 0.32 0.000 | Accept H,
Harmon
Har m&‘;r ~ Del 11.54 | 0.000 | AcceptH 12.19 0.000 | AcceptH,
Del Mar -
University Road 1.75 0.000 | AcceptH, 1.87 0.000 Accept H,
University Road -
Elizabeth 9.61 0.000 | Accept H, 2.23 0.000 Accept Hy
I%,hzat.’eth - 2481 | 0.000 | AcceptH, | 1992 | 0.000 | AcceptH
ropicana :

After optimizing offsets and splits, Elizabeth-University Road in Northbound and

Cottage Grove-Rochelle in southbound, the alternate hypothesis was reject which implies
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there is no significant difference in travel time of Case 3 and Case 5. All other segments
have significant difference in mean travel time of Case 3 and Case 5. Hence statistically,

there was significant effect of midblock pedestrian crossing on arterial traffic.

5.2 Evaluation of Arterial Traffic with Optimized Network

To see the effect of optimization of offsets and splits, Case 3, Case 5 and Case 6 of
mid day network were compared. Case 3, Case 5 and Case 6 have midblock pedestrian
crossing which was modeled as pseudo signal. Case 3 was the network which was not
accounted for pedestrians during optimization in SYNCHRO. In real life, the engineers
design the arterial with midblock pedestrian crossing as in Case 3. In order to’account for
pedestrians during optimization of offsets, the midblock pedestrian crossing was modeled
as actuated-uncoordinated signal. This optimized network was considered as Case 5.
Case 5 MOEs were expected to be less than Case 3 since the pedestrians were taken into
account while opihnizing the offsets. Case 6 was the network with actual actuated signals
at midblock pedestrian crossing locations and offsets and splits were optimized. MOEs

for Case 3 and Case 5 were tabulated in Table 5-5 and Table 5-6
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Table 5-8 Travel Time, Delay and # of Stops on Maryland NB for Case 3 and Case 5

g Travel Time | Total Delay Stopped Number of
egment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 3 5 3 5 3 5 3 5

Tropicana - Elizabeth 120 | 12.0 1.6 1.6 | 0.1 0.1] 40 0
Elizabeth — University | 197 | 195 | 42 | 40 | 09 | 0.8 | 263 | 239
Road

Umvers“{,:;fad_ml 237 | 241 | 11.8 | 122 | 5.1 | 5.5 | 1200 | 1202

Del Mar - Harmon 257 | 312 {123 1176 | 72 1100 [ 832 | 1591
Harmon — University East | 23.5 | 23,7 | 106 | 10.8 | 4.6 | 4.5 1225|1428
University East - Rochelle | 15.7 | 163 | 29 36 | 03 | 03] 234 | 348
Rochelle — Cottage Grove | 4.4 4.4 0.4 0.4 0 00| O 0
Cottage Grove — Flamingo | 56.0 | 65.8 | 324 | 42.1 |24.6 [33.4 | 684 | 809

Table 5-9 Travel Time, Delay and # of Stops on Maryland SB for Case 3 and Case 5

Travel Time | Total Delay Stopped Number of
Segment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 3 5 3 5 3 5 3 5

Flamingo — Cottage Grove | 24.0 | 240 | 2.4 24 1001 00| O 0
Cottage Grove - Rochelle | 4.2 4.2 04 04 00 ] 00 O 0
Rochelle — University East | 222 | 21.9 | 9.5 92 | 41 3.9 790 | 741
University East - Harmon | 23.6 | 333 | 10.1 | 194 | 5.1 [ 123 ]| 629 | 1184
Harmon — Del Mar 269 | 27.1 134 | 13.7 | 64 6.2 | 1157 | 1356
DelMar ~University | 19 | 208 | 67 | 114 | 32 | 59 | 578 | 1378
Road
University Road - '
Elizabeth 197 | 203 | 4.0 46 | 0.7 | 0.7 | 265 | 310

Elizabeth - Tropicana 729 | 79.6 | 60.3 | 66.8 | 48.3 | 53.5] 1803 | 2090

e The travel time, delays and number of stops in Case 5 is higher than that of

Case 3 which was not expected.
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¢ Both in the northbound and the southbound directions of travel, all segments
from the first crosswalk location, has higher travel time, delays and number of
stops.

e . In the northbound direction, Del Mar-Harmon, Cottage Grove-Flamingo has
higher difference when compared to other travel time segments.

e In the southbound direction, University East-Harmon, Del Mar-University
Road and Elizabeth-Tropicana have higher travel time than other segments of

the network.

~Offsets might not be well coordinated at downstream of the crosswalks of

Case 5 in both the directions.

The MOEs for Maryland Parkway arterial was shown in the Table 5-7 and 5-8 for

Case 3 and Case 6 and in the Table 5-10 and 5-11 for Case 5 and Case 6.

Table 5-10  Travel Time, Delay and # of Stops on Maryland NB for Case 3 and Case 6

Travel Time | Total Delay Stopped Number of
Segment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 3 6 3 6 3 6 3 6

Tropicana - Elizabeth 12.0 | 12.0 1.6 1.6 | 0.1 | 0.1 | 40 43
Elizabeth — University 197 | 194 | 42 39 | 09 | 09 | 263 | 219

Road

University Road — Del 23.7 | 23.5 11.8 | 11.6 | 5.1 | 47 | 1200 | 1241
Mar

Del Mar - Harmon 25.7 25.4 12.3 11.8 | 72 | 6.7 | 832 | 870

Harmon — University East | 23.5 | 22.1 | 106 | 92 | 4.6 | 42 | 1225|1061
University East - Rochelle | 15.7 | 15.1 2.9 24 103 | 02 | 234 | 143
Rochelle — Cottage Grove | 4.4 4.4 0.4 0.4 0 0.0 0 0

Cottage Grove —Flamingo | 56.0 | 555 | 324 | 319 |24.6 123.7]| 684 | 700
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Table 5-11  Travel Time, Delay and # of Stops on Maryland SB for Case 3 and Case 6

g Travel Time | Total Delay Stopped Number of
egment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 3 6 3 6 3 6 3 6

Flamingo — Cottage Grove | 24.0 | 24.1 2.4 24 | 0.0 | 0.0 0 0
Cottage Grove - Rochelle | 4.2 4.2 0.4 04 | 0.0 ] 0.0 0 0
Rochelle — University East | 22.2 | 185 | 9.5 57 | 4.1 ] 2.8 | 790 | 402
University East - Harmon | 23.6 | 21.9 | 10.1 84 | 5.1 | 46 | 629 | 411

Harmon — Del Mar 269 | 223 | 134 | 89 | 64 | 3.5 | 1157 | 791
Del Mar — University 18.0 | 192 | 6.7 7.7 |32 | 4.1 | 578 | 688

Road
University Road - 19.7 | 19.0 | 4.0 32 1 0703 | 265 | 137
Elizabeth ,
Elizabeth - Tropicana 729 | 662 | 60.3 | 52.8 1483 |41.3 1803 | 1612

Table 5-12  Travel Time, Delay and # of Stops on Maryland NB for Case 5 and Case 6

Stopped

Seoment Travel Time | Total Delay Dela Number of
& (sec) (veh/sec) (veh /se}:]c) Stops
Case 5 6 5 6 5 6 5 6

Tropicana - Elizabeth 12.0 | 12.0 1.6 1.6 | 0.0 | 0.1 0 43
Elizabeth — University 195 | 194 | 4.0 39 1 02| 09 | 239 | 219

Road

University Road — Del 24.1 23.5 122 | 116 | 0.8 | 4.7 {1202 | 1241
Mar

Del Mar - Harmon 312 | 254 176 | 11.8 | 1.1 | 6.7 | 1591 | 870

Harmon — University East | 23.7 | 22.1 | 10.8 | 92 | 0.8 | 42 | 1428 | 1061
University East - Rochelle | 16.3 | 15.1 3.6 24 102 | 0.2 | 348 | 143
Rochelle — Cottage Grove | 4.4 4.4 0.4 04 | 00 |00 0 0

Cottage Grove — Flamingo | 65.8 | 555 | 42.1 [ 319 | 0.8 |23.7| 809 | 700
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Table 5-13  Travel Time, Delay and # of Stops on Maryland SB for Case 5 and Case 6

g Travel Time | Total Delay Stopped Number of
egment Delay
(sec) (veh/sec) (veh/sec) Stops
Case 5 6 5 6 5 6 5 6

Flamingo — Cottage Grove | 24.0 | 241 | 24 | 24 [ 00 ][00 | 0 0
Cottage Grove - Rochelle | 4.2 4.2 0.4 04 [ 001001239 0
Rochelle — University East | 21.9 | 18.5 | 9.2 57 105 | 2.8 {1202 | 402
University East - Harmon | 333 | 219 | 194 | 84 | 0.9 | 4.6 | 1591 | 411
Harmon — Del Mar 27.1 |1 223 | 137 | 89 | 1.0 | 3.5 [ 1428 | 791
Del Mar — University 228 | 192 | 114 | 7.7 | 09 | 4.1 | 348 | 688

Road
University Road - 203 | 19.0 | 46 32 102103 0 137
Elizabeth :
Elizabeth - Tropicana 79.6 | 662 | 668 | 52.8 | 24 |41.3 | 809 | 1612

Travel Time on Maryland Parkway NB for Optimized Offsets
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Figure 5-17  Travel Time on Northbound Direction for Case 3, Case 5 and Case 6.
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Travel Time on Maryland Parkway SB for Optimized Offsets

79.6

80.0 4

729

B Case3TT
F1Case5TT
BCaseb6TT

RS
1%%e%!

TR
%%

60.0

e

TR TR
0% % %%

TR
%%

Q‘Qé . .
SRt

Travel Time (sec)

W 27.1
S

@
o
&~

TR
%25

>

t

20.0 4

Sy

o
% 18:0

R

R

[
]

,
K8
-

&5

R
R

N

SN

L
Yeled
_—
509

TS
Pe%s%

R
NN
ot

&S

be¥
0 <2 % 4
00 R B , K , s
Flamingo-Citg  Cttg Grove- Rochelle-Univ  Univ East- Harmon- DelMar-Univ Univ Road- Bizabeth-
Grove Rochelle East Harmon Delvar Road Bizabeth Tropicana
Segments

Figure 5-18  Travel Time on Southbound Direction for Case 3, Case 5 and Case 6

The travel time, delays and number of stops were compared for Case 3, Case 5 and
Case 6. For Case 6, actual signals were produced better results for all segments than Case
3 and Case 5. Del Mar-Harmon and Cottage Grove-Flamingo travel times of northbound
direction in Case 5 were higher than Case 3 and Case 6 which was unexpected results. In
other segments also Case 3 and Case 5 travel times were nearly equal. But in all
segments, Case 6 has lower travel times than Case 2 and Case 5. This implies that the
actual signals, actuated-coordinated at midblock pedestrian crossing (reflecting
pedestrian activities) will yield better results than the Case 5 Conditions. In southbound
direction also, Case3 travel times and Case 5 travel times are nearly equal except
University East-Harmon and Del Mar-University Road. The comparison of delays, queue

length and number of stops were shown in graphs for Case 3, Case 5 and Case 6.
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Total Delay on Maryland Parkway NB for Optimized Offsets
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Figure 5-19  Total Delay on Northbound Direction for Case 3, Case 5 and Case 6

Total Delay on Maryland Parkway SB for Optimized Offsets
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Comparison of Queue Length after Offset Optimization- NB
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Figure 5-21  Maximum Queue Length on Northbound for Case 3, Case 5 and Case 6

Comparison of Queue Length after Offset Optimization- SB
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Figure 5-22  Maximum Queue length on Southbound for Case 3, Case 5 and Case 6
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Number of Stops on NB after Optimzation of offsets and

Splits
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Number of Stops on SB after Optimzation of offsets and
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Figure 5-24  Number of Stops on Maryland Parkway SB for Case 3, Case 5 and Case 6
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Table 5-14 MOE:s of Arterial Network for Case 3, Case 5 and Case 6 on NB
%
% % )
Case3 | Case 5 | Case 6 Difference | Difference Difference
Case5-3 | Case6-3 | Case6-5
Travel
Time (v-h) 68 74 67 8.8 -1.5 9.5
Total
Mid | Delay(v-h) 27 33 26 222 -3.8 212
Day | Stopped
Delay(v-h) 14 18 14 28.5 0 222
Numberof |y 500 | 5658 | 4276 | 289 26 241
Stops
Travel
Time (v-h) 76 81 71 6.5 -6.6 -12.3
Total 34 | 39 | 29 14.7 147 256
PM Delay(v-h)
Stopped
Delay(v-h) 18 22 15 222 -16.7 -31.8
Numberof | 5 ;97 | 559 | 5093 13.1 -12.1 224
Stops
Travel
Time (v-h) 40 44 37 10.0 -1.5 -15.9
Total
Delay(v-h) 12 19 14 58.3 -26.3 16.7
AM Stopped
Delay(v-h) 6 10 7 66.7 -30.0 16.7
Numberof | | ¢79 | 3112 | 2380 | 656 235 26.7
Stops

The entire networks MOEs for Midday, AM and PM traffic were tabulated in Table
5-14 and 5-15 for NB and SB directions respectively and the following observations were

made:

* Case 5 has higher travel times, delays and number of stops than Case 3 which

was unexpected during midday and PM.

e For the AM Traffic, Case 5 travel time is higher than the Case 3.
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e When Case 6 was compared with Case 3 and Case 5, the travel times, delays
and queue lengths were reduced significantly.

e This can be occurred because of good coordination of signaiized intersections
of the network.

e The southbound direction also had the same trend was as in the northbound

direction.

Table 5-15  MOE:s of Arterial Network for Case 3, Case 5 and Case 6 on SB

% % %
Case3 | Case5 | Case6 Difference | Difference Difference
Case5-3 | Case6-3 | Case6-5
Travel
Time (voh) | © 74 62 10.4 8.9 8.1
Total
Mid | Delay(v-h) 31 | 39 26 25.8 -16.1 -33.3
Day | Stopped
Delay(v-h) 19 24 16 26.3 __15'7 -33.3
Numberof | ¢ 116 | 7060 | 4,039 37.9 21.1 42.8
Stops

Travel .

Time (v-h) 135 142 129 5.1 4.4 9.1
Total 90 97 85 7.8 55 123
PM Delay(v-h)

Stopped - -
Delaytehy | 50 54 47 8.0 16.0 13.0
N“g“ber of | 51 633 | 33,681 | 30,734 6.5 2.9 8.7

tops

Travel
Time (v-h) 37 41 35 10.8 -54 -14.6

Total
AM Delay(v-h) 13 19 15 46.1 211 -15.3

Stopped 0
Delay(v-h) 8 12 9 50.0 -25. -12.5
Numberof | 59, 1 5818 | 2145 | 573 238 19.7

Stops
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53 Summary of Findings
From the above analysis, the summary of findings is as follows:

e When Case 1 and Case 2 was compared to evaluate the effect of midblock
crossing on arterial performance with existing offsets and splits, the link travel
time, delays and stops were high for Case 1 than Case 2. It shows there is
effect of midblock pedestrian crossings on arterial performance.

e When Case 3 was compared with Case 4 to evaluate the effect of midblock
crossing on arterial performance with optimized offsets and splits by ignoring
pedestrians, the measure(s) of effectiveness link travel time, delays and stops
were high for Case 3 than Case 4.

e When Case 3 was compared with Case 5 to evaluate the optimal design of
offsets and splits with considering pedestrians, the measures of effectiveness
of Case 3 was better than that of Case 5.

e  When Case 3 and Case 5 was compared with Case 6 to evaluate the optimal
design of offsets and splits, the measures of effectiveness of Case 6 was better

than that of Case 3 and Case 5.
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS
6.1 Effect of Midblock Pedestrian Crossing on Arterial Traffic
There was significant impact on arterial traffic due to midblock pedestrian crossing.
There was large difference of travel times, total delays, queue length, number of stops at
midblock pedestrian crossing segments in the network. Other segments also has the
impact but not as equal to midblock pedestrian crossing segments. Overall, when it
comes to entire arterial traffic in northbound and southbound direction, there is large
difference in MOEs between with and without midblock pedestrian crossing networks.
This study demonstrated the potential effects if midblock pedestrian crossing was ignored

in design and operational analysis.

6.2  Pseudo Signal Design and Network Calibration
In Summary, the methodology that waé developed for designing pseudo signal has
functioned well. The designed pseudo signal represented the pedestrian activities at
midblock pedestrian crossing. The randomness of arriving and crossing pedestrians was
reflected by modeling the pseudo signal as ’an actuated-uncoordinated signal with
vehicles entering the minor streets at crosswalk locations. However, there are a few areas
which could improve the methodology of calibration. It is essential that selecting the

measure(s) of effectiveness commence before data is collected. In this study, only the
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travel time was used as measure(s) of effectiveness. The delay and queue length daté
collection at pedestrian crosswalk locations would have been better measure(s) of
effectiveness calibration. The process used for calibration must be performed in the exact
sequence as outlined in the Literature Review (Chapter 2). Due to eighteen segments in
the network, the calibration procedure was simplified.

The simulation model did not take into consideration erratic actions of drivers or
pedestrians. Conflicts between vehicle and pedestrian movements were not considered in’
this model, since micro simulations are not intended to simulate these events. Since the
purpose of this study was to develop the methodology to model pseudo signal, to find th§:
effect of midblock pedestrian crossing on arterial traffic, to optimize the network for

better signal coordination, the calibration of network was done.

6.3 Optimized Offsets for Signal Coordination

When optimized in SYNCHRO, better signal coordination was expected for actuated
uncoordinated signal (as midblock pedestrian crossing). But the results from VISSIM
explicitly shown the MOEs of actuated-uncoordinated optimized offset model was higher
than the MOEs of without pedestrian crossing optimized offset model (with midblock
pedestrian crossing). In other words, Case 5 MOEs was higher than the Case 3 MOEs
which implies there will be more delays, number of stops and queue length if the
pedestrians were taken into account while optimizing the offsets. Travel time, delays,
queue length and number of stops was reduced when actuated coordinated signals
considered at midblock pedestrian crossing locations. With the help of this study,

actuated coordinated signal can be recommended at midblock pedestrian crossing. But
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the distance between the signalized intersections will become less in our study area if

actuated signals were recommended.

6.4  Recommendations

The research conducted in this thesis presented numerous additional research topics.
Studies confirming the methodology for constructing the pseudo signal design by testing
at other case study location would be one obvious direction for future research. With
different traffic software, comparison can be done by using pseudo signal design for
midblock pedestrian crossing. Mathematical model can be developed to optimize the
offsets with actuated uncoordinated signal in between the signalized intersections because
in this study SYNCHRO was used and the pseudo signal vehicles was also taken into

account while offset optimization.
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APPENDIX 1

DATA COLLECTION SHEETS
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License Plate Survey

Numg of the Surveyor: e : City:
* Intersgetion: ) , Date;
Direction: Time:
i License Plate " License Plate | -~ ., License Plate
Time Timie Time :
Numbers numbers Nusnbers

Sample of License Plate Study Survey Sheet
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. Pedestrian Travel Time Study
 Hame ot Obseneritn .

: ; City: Lag \legays'
St Maryhnd-Univergity 1 5 ; Date: 1 HOGO006
‘ : : : : : Time 1101145 AN

L Direction: Southbound

00000

£:06:00
00000 ¢
C0:00:00
0:00:00
0:00.00
Hi60:00
0:00:00
00000
L0000
0:00:00 |
| 0000
G:00:00°
0:00:00
0:00:60
0:00:00
4:00:00
0:00:00
0:00:00 | -
0:00:00
0:00:00"
0:00:00
0:00:00
0:00:00
00000 |
Q0000
0:00:00

Sample Survey Sheet of Pedestrian Crossing Time at Midblock Crosswalk
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Observer .

Vehicle Yielding Study at Pedestrian Crosswalk

: ‘Location - : 5 Doy Date
Arterialditection Lol e ‘Stg}rt’ﬁ‘mé‘

s Pedarval. NG yeh ariving NG, veh passing
C{Time within 3 sees - {before Tt stop

Naveh passing in
frontof ped in xwalk

“No: of peds -
inxwalk

: Dc:cux'mn(:'e‘.

Coturrence 2

Geouence 31

 Oéetfrence 4

Occurrence 5

Oeorance B

“Dodurrenca 7

Drourcenco Bl

Ocourence g

Dooumence 10

Occurence 1

Gecurrente 12

Ooeurrance 13

Oceirrence 14

‘Occurrence 15

Doeurrence 16

Oecurrence 17

Oeturrence 18

Opeurrence 19

'Ochrcence 201

Oenurrence 21

Qucurrpnee 22

Occurrence 23

Oceurrence 24}

Gioeurrence 25

Oteutrence 26]°

Sample Survey Sheet of Crossing Occurrences of Pedestrians at Crosswalk
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APPENDIX II

SPEED DISTRIBUTION DATA
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Slz:fd Spied Sfoelfd Srlz:fd Median | Number of| Percent | Cumulative
group, | group, | group, group, | range| observed |frequency] percent
lower | upper lower upper (mph) | vehicles |in group| frequency
(mph) | (mph) | (mph) | (mph) P -
(adjusted | (adjusted . os — o il o _
for o = 20°){for a = 20°) S & % =ny/N| %1+ (n/N)
22 24 23.41 25.54 24.48 2 2.0% 2.0%
24 26 25.54 27.67 26.60 7 7.0% 9.0%
26 28 27.67 29.80 28.73 10 10.0% 19.0%
28 30 29.80 31.93 30.86 13 13.0% 32.0%
30 32 31.93 34.05 32.99 18 18.0% 50.0%
32 34 34.05 36.18 35.12 17 17.0% 67.0%
34 36 36.18 38.31 37.25 15 15.0% 82.0%
36 38 38.31 40.44 39.37 11 11.0% 93.0%
38 40 40.44 42.57 41.50 3 3.0% 96.0%
40 42 42.57 44.70 43.63 | 1.0% 97.0%
42 44 44.770 46.82 45.76 2 2.0% 99.0%
44 46 46.82 48.95 47.89 1 1.0% 100.0%
Summary of free flow speed distribution table
Source: John Merrill (2005)
20%
Qe Actual observations
= A = Hypothesized observations
15% -
Y
8
i
X
5%
O% T i ! 1 T l T T T T Tt
20 25 30 35 40 45 50

Speed, mph

Frequency distributions for measured and hypothesized free flow speeds

Source: John Merrill (2005)
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100%
1| == Actual observations
1| = O= Hypothesized observations :
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Cumulative frequency distributions for measured and hypothesized free flow speeds

Source: John Merrill (2005)
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