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ABSTRACT

Managing the transportation system requires balancing the needs of many users and
multiple transportation modes. Historically, traffic engineers have relied upon short term
engineering studies and intuition to manage traffic signal systems. There is broad
consensus in the traffic engineering community that real-time performance measures
would enable better operations.

This paper presents motivation and means to provide real-time pedestrian
performance measures using existing controller and vehicle detection technology.
Applicable pedestrian service models are identified and procedures to collect data for
pedestrian performance measures are recommended. The resulting pedestrian
performance measures can be presented in an easy to interpret visual format that provides
a valuable tool for assessing and comparing pedestrian service. Pedestrian service may
be compared at different crosswalks in the jurisdiction for prioritization purposes, or at
the same crosswalk under different conditions. The proposed pedestrian performance
measures may be used in conjunction with existing vehicle performance measures,
resulting in an integrated approach to assessing level of service for both vehicles and
pedestrians under different conditions and for different signal timing plans.

INTRODUCTION

Managing roadways requires balancing needs of many users and modes. Technology and
manpower limitations have resulted in reliance on short-term engineering studies, citizen
input, and intuition to manage the operation of traffic signal systems. There is broad
consensus that real-time performance measures would enable better operations.

There is emerging interest in combining analytical models and techniques
developed for manual field studies with existing traffic signal infrastructure to obtain
real-time performance measures such as vehicle volume to capacity ratios, vehicle delay,
and vehicle progression (1,2,3). However, this work has not been extended to include
real-time pedestrian performance measures. This paper identifies relevant models that
can be used and recommends a procedure using existing infrastructure to collect
performance measures for identifying and ranking pedestrian service at signalized
intersections.

This paper reviews several relevant pedestrian level of service (LOS) models
based upon space, delay, and vehicle-pedestrian interaction and describes how these can
be implemented with existing infrastructure and used for making operational decisions.
These techniques utilize existing technologies such as induction loops.
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LITERATURE REVIEW

Literature for pedestrian LOS at signalized intersections consists of two models proposed
by the Highway Capacity Manual (HCM, 4) and emerging models that extend the HCM
methods to consider the negative impact of pedestrian-vehicle interaction with concurrent
pedestrian service, as defined in the Manual on Uniform Traffic Control Devices
(MUTCD) (5).

HCM Pedestrian LOS at Signalized Intersections
The HCM (4) provides two methods for calculating pedestrian LOS at signalized
intersections based on 1) pedestrian delay and 2) pedestrian space.

Pedestrian delay LOS is based on cycle length, C, and effective pedestrian green,
g, as shown in Equation 1. According to the HCM, g is the sum of the walk interval plus
the first 4 seconds of the pedestrian clearance. The sample calculation is shown for a 6
second walk interval, a 26 second pedestrian clearance interval (resulting in a 10 second
effective green time) and a 130 second cycle, which reflects the conditions for the
crosswalk shown in Figure 1.

Pedestrian Delay =0.5(C —g)*/C 1)
=55.4sec/ ped,LOS E

The delay methodology does not quantify the negative impact of turning vehicles
on pedestrian service. In fact, the pedestrian LOS typically decreases when pedestrian
signal timing strategies such as an exclusive pedestrian phase are implemented because
they increase the cycle length (6).

Pedestrian space LOS (4) is based on crosswalk size, signal timing and pedestrian
and turning vehicle volumes as shown in Equation 2. M is the space per pedestrian, L
and W are the crosswalk length and width, W+FDW is the walk plus clearance interval,
Sp is the pedestrian design speed, Ny is the number of turning vehicles during the
pedestrian interval (in vehicles), and Npeq is the number of pedestrians during the
pedestrian interval (in persons). Sample calculations are shown for L = 127 ft,

WEe = 15 ft, g = 32 sec (6 sec walk + 26 sec clearance), and Sp = 4 ft’/s.

Space per Pedestrian,M = LW, [(W + FDW )— L/ ( 2S, )]— 40N, W,
Npeg [32+ (L7 Sp)+(0.27N )]

=69 ft*/p,LOS A (2)
for 11 peds and 3 vehicles in Figure la

=54 ft?/p,LOS B
for 11 peds and 13 vehicles in Figure 1b

The first sample calculation corresponds to the conditions in Figure 1a with 11
pedestrians (Npeq) and 3 turning vehicles (Ny), resulting in a LOS A. The second sample
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Figure 1. Pedestrians Compromised Due to Turning Vehicles
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calculation corresponds to the conditions in Figure 1b with 11 pedestrians (Npeq) and 13
turning vehicles (Ny), resulting in a LOS B.

Emerging Pedestrian LOS Models

Turning vehicles have been documented to negatively impact pedestrian service and
safety, with negative impacts increasing as the volume of vehicles turning into the
crosswalk increases (6,7,8,9,10,11). As can be seen in Figure 1, both right and left
turning vehicles may compromise pedestrians crossing at signalized intersections,
resulting in delay and reduced pedestrian comfort. As indicated by the example
pedestrian space calculations shown in Equation 2, the pedestrians crossing in Figure la
and 1b have an adequate LOS A and LOS B, even though they are delayed by vehicles
turning into the crosswalk during the pedestrian interval.

A crosswalk with a low to moderate pedestrian volume but a high volume of
turning vehicles may have an adequate HCM LQOS, even though turning vehicles may
cause delay and conflicts for pedestrians. For example, the LOS B conditions shown in
Figure 1b (13 turning vehicles during the W+FDW interval of 32 seconds) correspond to
an average vehicle headway of 2.5 sec/veh that the 11 pedestrians must co-exist with.
Furthermore, although Equation 2 calculates space, it is based on the entire crosswalk and
it does not reflect whether the space represents adequate gaps. These limitations reduce
the usefulness of the HCM measures for evaluating the adequacy of pedestrian service,
and make them ineffective for quantifying the benefits of pedestrian signal timing
strategies that reduce interactions between turning vehicles and pedestrians. .

Conflict Based Models

A number of studies have evaluated vehicle and pedestrian conflicts at intersections

(e.g., 8,10,12). Zhang developed a LOS model for signalized intersections that
incorporates safety risk due to conflicts between permitted left turn vehicles and through
vehicles and pedestrians (8), based on the volume of pedestrians and vehicles. This index
is limited because it does not address conflicts between pedestrians and vehicles making
right turns. Zhang also notes that the index does not capture reduced pedestrian safety at
intersections where there are low pedestrian volumes (8).

This illustrates a deficiency of traditional conflict models. Traditional conflict
analysis estimates interactions between pedestrians and turning vehicles based on the
product of turning vehicles and the number of pedestrians. This does not capture the
negative impact of turning vehicles at crosswalks with low pedestrian volumes. For
example, a model proposed by Akin (10) does not differentiate a cycle with one turning
vehicle and ten pedestrians from a cycle with ten turning vehicles and one pedestrian,
although these two situations would obviously result in very different service levels for a
pedestrian. Furthermore, models that rely on pedestrian volumes may not recognize that
a dangerous crosswalk may exhibit a low pedestrian volume and subsequently a low
accident rate because pedestrians are unwilling to cross where there is a high potential for
conflict with turning vehicles.

Another potential limitation of safety based service assessments is that although
they may quantify the negative impact of turning vehicles in terms of pedestrian safety,
they may not quantify the negative impact of turning vehicles on pedestrians in terms of
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delay once the pedestrian interval begins. For example, conflict analysis may capture a
vehicle swerving to avoid a pedestrian; however, it would not capture the delay and
reduced service experienced by a pedestrian waiting on the curb while vehicles turn into
the crosswalk during the walk interval (Figure 1a).

Percent Compromised Pedestrian Crossings

Following the spirit of the HCM freeway weaving and bicycle LOS models, a pedestrian
LOS model that quantified the negative impact of turning vehicles on pedestrian service
using the percent of compromised pedestrian crossings was proposed for signalized
intersections (6). Pedestrian crossings were designated compromised if the pedestrian
was delayed by turning vehicles or changed their travel path or speed in response to
turning vehicles.

This research suggests that the percent of pedestrians compromised is related to
the right turn flow rate during the pedestrian interval, as shown in Equations 3 and 4 for
crosswalks outside the central business district (Non-CBD) and inside the central
business district (CBD). Equation 5 illustrates the calculation of the right turn flow rate
during the pedestrian interval.

Compromise % v, cap =0.040 (RT Flow Rate in Ped Interval in vph) (3)

Compromise % .z, =0.026 (RT Flow Rate in Ped Interval invph) (4)

RT veh count during ped interval , 3600 sec

RT Flow Ratein Ped Interval in vph= -
Walk + Clearance Interval in sec lhr

()

Limited Capabilities of Existing Pedestrian Detection Technologies

With pedestrian actuated phases, it is trivial to log the time of a pedestrian call.
However, accurately quantifying the number of pedestrians per phase is very difficult
using existing technology.

Pedestrian detection technologies include infrared, microwave, video, ultrasonic,
and piezometric (pressure mat) technologies (13). These technologies have been used to
extend the walk or clearance phase and to augment or replace the pedestrian button
(13,14,15,16). However, their inability to detect pedestrians reliably (13,15) limits their
effectiveness.
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The following sections describe the application of real-time pedestrian
performance measures and provide example applications. Although these performance
measures use pedestrian phase calls, they are not dependent on detection of individual
pedestrians.

REAL-TIME PEDESTRIAN PERFORMANCE MEASURES

Pedestrian service at signalized intersections is negatively impacted by delay (Equation

1), by a reduction in space due to additional pedestrians and turning vehicles in the

crosswalk (Equation 2), and by the interaction of pedestrians and turning vehicles

(Equations 3 and 4), Real-time performance measures that combine available controller

information and standard signal systems sensors with accepted and emerging models

(Equations 1 through 4), are needed to allow transportation agencies to evaluate

pedestrian service and balance the needs of all users of signalized intersections.

Furthermore, once this kind of data is collected, there will be opportunities to log

additional data, including:

e Vehicle speeds in the crosswalk during the pedestrian interval (17)

e Vehicle gaps in the crosswalk during the pedestrian interval

e Vehicle occupancy in the crosswalk during the pedestrian interval

e Volume to capacity ratio (v/c) for turning traffic that conflicts with pedestrians during
the pedestrian interval

Pedestrian Performance Measures Utilize Existing Technologies

Existing controller capabilities and vehicle detection technologies may be used to
quantify aspects of pedestrian service including delay and characteristics of vehicles
turning into the crosswalk during the pedestrian phase.

Phase data from the signal controller and data from vehicle detection technologies
may be used for real-time pedestrian performance measures. These real-time pedestrian
performance measures allow evaluation of pedestrian service at numerous intersections
and allow pedestrian service measures to be integrated and evaluated in conjunction with
real-time vehicle performance measures. This integration is important for facilitating
multi-modal LOS assessment (2,3). For example, the use of pedestrian performance
measures in conjunction with vehicle performance measures will facilitate the evaluation
of alternative signal timing strategies, such as protected rather than permitted left turn
service, and a leading or exclusive pedestrian phase, on both pedestrian and vehicle
service.

REAL-TIME DATA COLLECTION PROCEDURES

Real-time data collection procedures for pedestrian performance measures can use signal
controllers with event based logging and vehicle detection technology to quantify the
characteristics of vehicles turning into the crosswalk. Video detection and induction loop
detection (3) are discussed in the following section, although microloops or other
technologies could also be utilized.
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Signal controllers with event based logging capabilities can log relevant data
including phase indications, pedestrian phase actuations, and vehicle detector count and
vehicle detector occupancy.

Vehicle detection technologies have traditionally been used to provide actuated
service for vehicles at signalized intersections. More recently, these detection
technologies have provided data for vehicle performance measures. Emerging techniques
may utilize this data to provide real-time pedestrian performance measures from traffic
signals (18).

The following sections describe the methodology to transform data into pedestrian
performance measures.

Inductive Loop Detectors
Many actuated intersections have induction loops in the right turn lane and the left turn
lane. As shown in Figure 2a, these existing loop detectors in the right and left turn lane
may be used to estimate pedestrian performance measures based on vehicle count data
during the pedestrian interval (3). Count data from detectors in the right and left turn
lane may be used to estimate the vehicle flow rate in the crosswalk during the pedestrian
interval. Count data from detectors in the right turn lane may also be used to estimate the
right turn v/c ratio during the pedestrian interval. However, detectors in turn lanes shared
with through traffic could not be utilized for pedestrian performance measures.
Alternatively, detectors may be placed in the crosswalk to quantify additional
characteristics of vehicles turning into the crosswalk during the pedestrian interval, as
shown in Figure 2b. Loop detectors in the crosswalk may provide counts of vehicles
turning into the crosswalk during the walk phase. This vehicle count data may be used to
determine the average vehicle flow rate during the pedestrian interval. Detectors in the
crosswalk may also provide presence detection of vehicles turning into the crosswalk.
This vehicle presence data may be used to determine a number of pedestrian performance
measures, including:
e Vehicle Occupancy in Crosswalk during Pedestrian Interval, based on the total
time that the presence detector is on as a percent of the pedestrian interval
e Vehicle Gaps in Crosswalk during Pedestrian Interval, based on the duration that
the presence detector is off during the pedestrian interval
e Vehicle Speeds in Crosswalk during Pedestrian Interval, based on an assumed
vehicle length and the duration the presence detector is on

Video Detection of Vehicles in the Crosswalk

Video detection of vehicles in the crosswalk can provide similar data that induction loops
in the crosswalk can provide, as shown in Figure 2c. Video detection of vehicles in the
crosswalk may provide counts of vehicles turning into the crosswalk during the walk
phase and clearance phase; this may be used to determine the average vehicle flow rate
during the pedestrian interval. Video detection may also provide presence detection of
vehicles turning into the crosswalk during the pedestrian interval, which may be used to
determine vehicle occupancy, vehicle gaps and vehicle speed.
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Performance Measure Calculations

Sample equations for three applications are provided to illustrate how data from vehicle
detectors can be used to support pedestrian performance measures evaluating the impact
of turning vehicles on pedestrian service.

Right Turn Flow Rate during Pedestrian Interval

The right turn vehicle count during the pedestrian interval can be used to estimate the
right turn flow rate during the pedestrian interval, and was shown in Equation 5. The
right turn flow rate during the pedestrian interval may be used as a pedestrian
performance measure, and will be described further in the following section. A higher
right turn flow rate would be expected to impede pedestrians.

Left Turn Flow Rate during Pedestrian Interval

Similarly, the left turn vehicle count during the pedestrian interval can be used to
estimate the left turn flow rate during the pedestrian interval, as shown in Equation 6.
The left turn flow during the pedestrian interval for each cycle may be used as a
pedestrian performance measure because a higher left turn flow rate would be expected to
impede pedestrians.

LT veh count during ped interval , 3600 sec  (6)

LT Flow Rate in Ped Interval in vph= -
Walk + Clearance Interval in sec lhr

Vehicle Occupancy of Crosswalk during Pedestrian Interval

The total duration that the vehicle presence detector is on in the crosswalk during the
pedestrian interval can be used to estimate vehicle occupancy in the crosswalk, as shown
in Equations 7 and 8. Occupancy during the walk interval may be calculated as shown in
Equation 7. Occupancy during both the walk and pedestrian clearance interval may also
be calculated, as shown in Equation 8.

Duration Presence Detector On in sec (7)

Vehicle Occupancy , = Walk Interval in sec

Duration Presence Detector On in sec (8)

Vehicle Occupancy = -
WepC Walk +Clearance Interval in sec

Occupancy in the crosswalk may be used as a pedestrian performance measure,
because higher vehicle occupancy in the crosswalk would be expected to impede
pedestrians. The MUTCD (5) assumes that pedestrians are able to step off the curb
during the walk interval. If turning vehicles prevent pedestrians from entering the
crosswalk during the walk interval, then they may not be able to finish crossing before

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Hubbard, Bullock and Day 11

the end of the clearance interval and they still be in the crosswalk when conflicting
phases get a green light.

The vehicle occupancy during the walk interval (Equation 7) may be more
relevant for near side pedestrians who step off of the curb into the conflict zone, and the
vehicle occupancy the walk and pedestrian clearance interval (Equation 8) may be more
relevant for far side pedestrians.

EXAMPLE APPLICATIONS OF PEDESTRIAN PERFORMANCE MEASURES

There are a number of potential pedestrian performance measures, as described in the
previous section. This section describes the application of three potential performance
measures: HCM LOS measures based on pedestrian delay and pedestrian space, and the
right turn flow rate during the pedestrian interval. These three potential pedestrian
performance measures are illustrated by examining their application at Northwestern
Avenue and Stadium Drive in West Lafayette, Indiana.
A subsequent section compares the impact of right turn vehicles based on the

right turn flow rate. Service at three crosswalks is compared:

e Northwestern Avenue and Stadium Drive in West Lafayette, Indiana

e River Road and State Street in West Lafayette, Indiana

e Powell and 82" in Portland, Oregon

This example presents the benefits of using pedestrian performance measures to
compare service, in this case at multiple crosswalks. A comparison of service at a single
crosswalk under different vehicle volume conditions is also presented. It would also be
useful valid to compare service at the same crosswalk under different signal timing
strategies using real-time pedestrian performance measures..

HCM Delay

Figure 3 illustrates the pedestrian LOS based on delay for pedestrian phase 4 at
Northwestern and Stadium, a crosswalk that pedestrians frequently complain is difficult
to cross. The y-axis is delay and the x-axis is the cycle number. Cycles are sorted
according to delay; cycle 1 has the lowest pedestrian service (highest delay). This
presentation makes it easy to quickly identify the lowest service at a crosswalk. LOS
thresholds for delay are 10 seconds (LOS A to B), 20 seconds (LOS B to C), 30 seconds
(LOS C to D), 40 seconds (LOS D to E) and 60 seconds (LOS E to F).

Figure 3a shows the delay calculated using the HCM equation (Equation 1), with
a 7 second walk and 19 second clearance interval (an effective green time of 11 seconds).
The delay varies depending on the cycle length, which varies due to actuated control: 12
cycles have a LOS F, 57 cycles have a LOS E, and 31 cycles have a LOS D.

Figure 3b shows the actual pedestrian delay associated with the 100 cycles shown
in Figure 3a, sorted according to actual delay. The actual delay is determined by
subtracting the time that the pedestrian button was actuated from the time that the
pedestrian phase begins. Forty-three cycles have a LOS F, 14 cycles have a LOS D, 11
cycles have a LOS D, 10 cycles have a LOS C, 10 cycles have a LOS B and 12 cycles
have a LOS A.
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The actual delay is generally higher than the calculated delay. Compliant pedestrians
traveling the design speed can be served only if they arrive during the walk interval or
first few seconds of the pedestrian clearance interval. This contrasts with vehicle service,
in which compliant vehicles traveling the design speed can be served if they arrive within
seconds before the end of the green indication.

Figure 3c presents the cycles sorted based on calculated delay, with the associated
actual delay for each cycle shown as a separate series. This illustrates the limitations of
the HCM delay calculation, since there is very little correlation between calculated
pedestrian delay and actual pedestrian delay.

Although these plots of pedestrian delay are informative and provide an estimate
of how long a pedestrian must wait for the walk signal, they provide no information
regarding the traffic interruption, delay or potential conflicts to pedestrians due to
vehicles turning into the crosswalk.

HCM Pedestrian Space

Figure 4 illustrates the HCM pedestrian space LOS for pedestrian phase 4 at
Northwestern and Stadium. The y-axis is pedestrian space and the x-axis is the cycle
number. Cycles are sorted according to pedestrian space; cycle 1 has the lowest
pedestrian service (most space). This presentation makes it easy to quickly identify the
lowest service at a crosswalk. Relevant LOS thresholds for space are 60 ft* per
pedestrian (LOS A to B) and 40 ft? per pedestrian (LOS B to C), as shown in Figure 4.

This graph was calculated based on HCM pedestrian space (Equation 2), with
crosswalk length of 73 ft and width of 6 ft; and a 7 second walk and 19 second clearance
interval. The pedestrian space varies depending on the number of pedestrians and
number of turning vehicles, which varied in each cycle. Comparing points a, b, and c, d,
and e in Figure 4 illustrates that the HCM pedestrian LOS is more sensitive to the number
of pedestrians during the cycle than the number of turning vehicles.

The maximum number of turning vehicles during the pedestrian interval was 10
vehicles, and the maximum number of pedestrians during the pedestrian interval was 5.
There is a gap in the space per pedestrian plot between 160 ft* per pedestrian and 230 ft*
per pedestrian; this marks the boundary between 1 pedestrian per cycle and 2 or more
pedestrians per cycle. Only cycles with pedestrians are shown in Figure 4.

All but two cycles shown in Figure 4 had a LOS A. These two cycles had a LOS
B. Asshown in Figure 4, a single pedestrian would have LOS A even if 10 vehicles
turned into the crosswalk during the 26 second pedestrian interval; the pedestrian might
disagree with the LOS A assessment.

The plot in Figure 5 also illustrates that the HCM pedestrian space methodology
IS more sensitive to the number of pedestrians in the cycle than the number of turning
vehicles. In Figure 5, the space per pedestrian at Stadium and Northwestern is shown for
a range of pedestrian volumes (1 to 5) and right turn volumes (1 to 10 vehicles). The
graph “steps up” each time the number of turning vehicles is reduced by one vehicle
(points a, b and ¢). The number of pedestrians (1, 3, 5) is theoretical to illustrate the
concept; the turning volumes shown illustrate the number of turning vehicles observed
during the pedestrian interval at Stadium and Northwestern.
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Pedestrian space as a real-time performance measure requires an accurate count of the
number of pedestrians in the crosswalk. This would not be practical using existing
pedestrian detection technology. Alternately, an estimated pedestrian count could be
used, and the real-time performance measure would vary according to the number of
turning vehicles, as illustrated in Figure 5.

The range of LOS in Figures 4 and 5 illustrates the limitations of the pedestrian
space LOS measure outside the CBD where low pedestrian volumes and high right turn
volumes are common. The plots in Figures 4 and 5 do not provide useful information to
evaluate the impact of turning vehicles on pedestrian service at crosswalks with low to
moderate pedestrian volumes because the pedestrian space LOS is typically in the
acceptable range.

Pedestrian Performance Measure: Right Turn Flow Rate during Pedestrian
Interval

Figure 6 illustrates the right turn flow rate during the pedestrian interval, a proposed
pedestrian performance measure. The y-axis is the right turn flow rate during the
pedestrian interval and the x-axis is the cycle number. Cycles are sorted according to
pedestrian space; cycle 1 has the highest vehicle flow rate. This presentation makes it
easy to quickly identify the lowest service at a crosswalk.

Figure 6a presents the right turn flow rate during the pedestrian interval at three
crosswalks. This graph was developed based on visually inspecting each cycle for the
right turn count, and converting this value to a right turn flow rate by dividing the right
turn count by the duration of the pedestrian interval (6). The estimated percent
compromised on the right axis is based on Equation 3, with a 7 second walk and 19
second clearance interval at Northwestern and Stadium; a 7 second walk and 15 second
clearance interval at Powell and 82™%; and a 5 second walk and 25 second clearance
interval at River and State.

The right turn flow rate is highest for Northwestern and Stadium, with a
maximum value of 1,385 vph. The right turn flow rate is moderate for Powell and 82",
with a maximum value of 982 vph. The right turn flow rate is lowest for River and State,
with a maximum right turn flow rate of 360 vph. The right turn flow rate observed on the
plot appears discrete rather than continuous because it is calculated based on the right
turn vehicle count during the pedestrian interval. At each of these crosswalks, the
duration of the pedestrian interval is a constant value, so the data “steps up” for each
additional right turn during the pedestrian interval.

Additional data about these three pedestrian crosswalks is shown in Table 1. The
percent of pedestrian crossings that were compromised at each crosswalk is shown in
column c. A pedestrian crossing is compromised if the pedestrian is delayed by a turning
vehicle or changes their travel path or speed in response to a turning vehicle. The percent
compromised values shown in column ¢ are based on field observation (6).

The percent compromised observed in the field for each crosswalk closely
corresponds to the estimated percent compromised for the average right turn flow rate at
each crosswalk, as shown in column e. This demonstrates the correlation between the
right turn flow rate and the expectation of a compromised crossing.

Figure 6b shows the right turn flow rate for a single intersection (Northwestern
and Stadium pedestrian phase 4) on two different days. This intersection is adjacent to
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TABLE 1. Percent Compromised Pedestrian Crossings at Three Crosswalks

a. Intersection b. Number | c. Observed d. Percentile | e. RT Flow Rate f. Estimated

of Cycles Percent during Ped Percent
Compromised Interval Compromised”

Northwestern 86 30 Average 687 27

and Stadium, -

South Crosswalk 15 percentile 1,108 44

(Ped 4)

Powell and 82" 89 18 Average 458 18

15 percentile 655 26

River Road and 72 4 Average 55 2

State Street, -

South Crosswalk 15 percentile 120 5

(Ped 4)

'Estimated Percent Compromised = 0.04*(RT Flow Rate during Ped Interval)

Purdue University and varying traffic conditions are observed at different times of the
year. On August 13, the university was not in session and the crosswalk exhibited the
lowest right turn flow rate during the pedestrian interval. August 22 was the first week of
school, and the right turn flow rate was much higher. This plot supports the anecdotal
reports that pedestrian crossings at this intersection are much more difficult when school
is in session. For example, when school is in session there are 30 cycles with pedestrian
crossings that operate concurrently with conflicting right turn vehicles with an average
headway of less than 3 seconds (vehicle flow rate of approximately 1200 vph during
pedestrian Walk and Ped Clear Intervals).

The right turn flow rate during the pedestrian interval is a valuable tool for
estimating the percent of pedestrian crossings that are compromised due to right turning
vehicles. This underscores the utility of the right turn flow rate as a pedestrian
performance measure. At intersections with permitted left turns, this concept may be
expanded to include the left turn flow rate during the pedestrian interval.

INTERPRETATION OF PERFORMANCE MEASURES AND APPLICATIONS
ALONG A CORRIDOR

The recommended pedestrian performance measures can easily be plotted and used as a
quantitative tool for assessment of pedestrian service. Multiple crosswalks at the same
intersection, multiple intersections along a corridor, or multiple crosswalks within the
jurisdiction can easily be compared on a plot such as the one shown in Figure 6a. In
Figures 3 through 6, the cycles are sorted by performance measure (e.g., pedestrian
delay); this facilitates assessment based on the worst cycles of the day. Cycles may also
be presented by time of day, facilitating assessment during the vehicle peak hour, the
pedestrian peak hour, or other periods of interest.

In Figure 6a, flow rates of 1385 vph, 982 vph and 360 vph correspond to average
headways of 2.6 sec/veh, 3.7 sec/veh and 10 sec/veh. It is not surprising that the
intersection with the highest average headway during peak conditions has the lowest
percent compromised (Table 1).
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As shown in Figure 6, evaluation may be based on the threshold defined by the 15
cycles with the highest right turn flow rate throughout the day. If 20 percent
compromised is used as a threshold for the worst 15 cycles, then both Powell and 82"
and Northwestern and Stadium would exceed the threshold and further study of these
crosswalks would be recommended to identify strategies to improve pedestrian service.
The crosswalk at River and State would not be a candidate for further evaluation due to
the low right turn flow rate, and corresponding low likelihood that pedestrian crossings
will be compromised.

A plot such as the one shown in Figure 6 may also be used to evaluate alternative
signal timing strategies at a single crosswalk. For example, the right turn flow rate
during the pedestrian interval may be used as a pedestrian performance measure to
evaluate and compare concurrent pedestrian service with a leading pedestrian interval at
the same crosswalk.

CONCLUSION

This paper has described how existing traffic signal equipment can be used to develop
pedestrian performance measures that provide accurate and relevant information without
significant investment.

e Pedestrian performance measures may be used to create graphic reports (Figures 3
through 6) using both legacy LOS models (Equations 1 and 2) and emerging
models (Equations 3 and 4).

e Real-time pedestrian performance measures can easily be integrated with real-
time vehicle performance measures. This allows multi-modal assessment of both
pedestrian and vehicle operations under a variety of conditions and signal timing
strategies.

e Utilizing controller and vehicle detection equipment facilitates data collection
with large samples that could not be obtained using the manual data collection
procedures traditionally used for pedestrian research. The ability to collect a large
amount of relevant data will provide a better understanding of the factors
affecting pedestrian service. Furthermore, the reliance on equipment rather than
people for data collection makes it possible to undertake data collection on
weekends and evenings, when agency personnel may not be available.

e The graphics to assess pedestrian performance measures are easily understood and
simplify quantitative evaluation and prioritization of crosswalks. Pedestrian
performance measures may be used to evaluate and compare pedestrian service at
multiple intersections, which may be useful for prioritization purposes.

In summary, existing controller equipment and vehicle detection infrastructure
currently may be utilized to collect data for real-time pedestrian performance measures
with minimal marginal cost. This paper describes the analytical technique and graphical
presentation that will transform that raw data into information helpful to transportation
agencies. Turning vehicles have an impact not only on pedestrian service, but also on
pedestrian safety. It may be appropriate to integrate some of the proposed real-time
pedestrian performance measures into research related to pedestrian safety, as well.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Hubbard, Bullock and Day 19

ACKNOWLEDGMENT

This work was supported by the University of Idaho, Federal Highway Administration's
Dwight David Eisenhower Graduate Fellowship Program and the Joint Transportation
Research Program administered by the Indiana Department of Transportation and Purdue
University. The authors would like to acknowledge David R. Hatch, Bill Kloos, Sarah
Stein and the City of Portland for video of the crosswalk at 82" and Powell in Portland,
Oregon. The authors would like to acknowledge John Thai and the City of Anaheim for
video of the crosswalk at Harbor and Katella. The contents of this paper reflect the views
of the authors, who are responsible for the facts and the accuracy of the data, and do not
necessarily reflect the official views or policies of the sponsoring organizations, nor do
the contents constitute a standard, specification, or regulation.

REFERENCES

1. Smaglik, E., D.M. Bullock, and A. Sharma, “A Pilot Study on Real-Time Calculation
of Arrival Type for Assessment of Arterial Performance,” ASCE Journal of
Transportation Engineering, Vol. 133, No. 7, pp. 415-44, July, 2007.

2. Sharma, A., D.M. Bullock, and J. Bonneson, “Input-Output and Hybrid Techniques
for Real-Time Prediction of Delay and Maximum Queue Length at a Signalized
Intersection,"” Transportation Research Record, TRB, National Research Council,
Washington, DC, TRB Paper ID# 07-0487, in press.

3. Smaglik E.J., A. Sharma, D.M. Bullock, J.R. Sturdevant, and G. Duncan, “Event-
Based Data Collection for Generating Actuated Controller Performance Measures,"
Transportation Research Record, TRB, National Research Council, Washington, DC,
TRB Paper ID# 07-1094, in press.

4. Highway Capacity Manual 2000, Transportation Research Board, National Research
Council Washington, D.C., 2000.

5. Manual on Uniform Traffic Control Devices. Federal Highway Administration, U.S.
Department of Transportation, Washington, D.C., 2003.

6. Hubbard, S.M.L., R.J. Awwad, and D.M. Bullock, “A New Perspective on Assessing
the Impact of Turning Vehicles on Pedestrian Service at Signalized Intersections,”
Transportation Research Record, TRB, National Research Council, Washington,
D.C., TRB Paper ID# 070473, in press.

7. Javid, M. and P.N. Seneviratne, “Applying Conflict Technique to Pedestrian Safety
Evaluation,” ITE Journal, pp. 21 to 26, March 1991.

8. Zhang, L. and P.D. Prevedouros, “Signalized Intersection Level of Service
Incorporating Safety Risk,” Transportation Research Record 1852, TRB, National
Research Council, Washington, D.C., pp. 77 to 86, 2003.

9. Clark, Z.T., S.M.L. Hubbard, and D.M. Bullock, “Quantitative Measurement
Procedures for Pedestrian Service at Signalized Intersections: A Case Study at a
Skewed Intersection,” Presented at Annual Meeting of the Transportation Research
Board, Washington, DC, TRB Paper ID# 06-1657, 2006.

10. Akin, D. and Sisiopiku, V.P., “Modeling Interactions between Pedestrians and
Turning-Vehicles at Signalized Crosswalks Operating Under Combined Pedestrian-

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Hubbard, Bullock and Day 20

Vehicle Interval,” Presented at the Annual Meeting of the Transportation Research
Board, Washington, DC, TRB Paper ID# 07-2710, January, 2007.

11. Petritsch, T.A., B.W. Landis, P.S. McLeod, H.F. Huang, S. Challa, and M.
Guttenplan, “Level-of-Service Model for Pedestrians at Signalized Intersections,”
Transportation Research Record No. 1939, TRB, National Research Council,
Washington, DC, pp. 55-62, 2005.

12. Quaye, K, L. Leden and E. Hauer, Pedestrian Accidents and Left-Turning Traffic at
Signalized Intersections, AAA Foundation for Traffic Safety, April, 1993.

13. Beckwith, D.M., and K.M. Hunter-Zaworski, “Passive Pedestrian Detection at
Unsignalized Crossings,” Transportation Research Record No. 1636, TRB, National
Research Council, Washington, DC, pp. 96- 103, 1998.

14. Tan, C. H., and C.V. Zegeer, “European Practices and Innovations for Pedestrian
Crossings,” ITE Journal, pp. 24-31, November, 1995.

15. Hughes, R., H. Huang, C. Zegeer and M. Cynecki, Evaluation of Automated
Pedestrian Detection at Signalized Intersections, Federal Highway Administration,
McLean, VA, 2001.

16. Stein, S., and D.R. Hatch, “Pedestrian Signals are Merely Suggestions,” Unpublished
Report prepared for the City of Portland, OR, 2005.

17. Bullock, D.M., S.M.L Hubbard, D.M. Westervelt and D.B. Bryant, “Expected Right-
Turn Traffic Characteristics Associated with Leading Pedestrian Phases,” Presented
at the Annual Meeting of the Transportation Research Board, Washington, DC, TRB
Paper ID# 06-0129, January, 2006.

18. Smaglik, E., D.M. Bullock, T. Urbanik, and D. Bryant, “Evaluation of Flow Based
Traffic Signal Control Using Advanced Detection Concepts,” Transportation
Research Record, #1978, TRB, National Research Council, Washington, DC, pp. 25-
33, 2006.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



