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Abstract:

Corridor mobility improvements require a new apgtoato corridor management
planning and operations. Recent investigationsaameed at improving the safety and
efficiency of existing transportation systems byegrating state-of-the-art operational
analysis (such as micro-simulation) into more tiadal corridor planning. One of the
important elements in developing corridor managdmanprovements is better
bottleneck analyses. Such analyses play a crudglin corridor management planning
for both performance assessment and simulation huadibration. This paper proposes
new approaches for bottleneck identification andrcation in simulation. The former is
conducted using percentile speeds based on datanfndtiple days. It turns out that this
is more appropriate for urban congested freewags thsing single day data. The
algorithm for bottleneck calibration represents fist attempt to rigorously calibrate
bottlenecks in micro-simulation. It is a three-smpcess, including visual assessment,
bottleneck area matching, and detailed speed aéilior; aiming to calibrate bottlenecks
in three levels of detail. Using the 1-880 corrigmtwork in the San Francisco Bay Area,
it has been shown that the identification method eaequately identify corridor
bottlenecks; the calibration procedure complememd improves current practice of
simulation calibration.



1. Introduction and Motivation

Traffic congestion and safety issues continue toifmeeasing concerns of both the
traveling public and transportation agencies. Marfythe nation’s urban corridors
experience a considerable amount of congestioryeday. Some of the congestion is
caused by accidents or unplanned events and somecbsring bottlenecks. Due to the
cost of construction, funding availability, andhigof way and environmental concerns,
many of the congested corridors will not have addél infrastructure built for many
years to come. Meanwhile, it is important for gportation agencies and decision
makers together at the state, regional, and lesal$ to invest in existing facilities and
collaborate in better managing their multi-modahsportation corridors with improved
operational strategies and technology. Becausigesk challenges, corridor management
planning (CMP) and similar concepts have been megaecently, including the CMP
Demonstration by Caltrand)(and the Integrated Corridor Management (ICM) paog

by FHWA (2). CMP integrates advanced operational analysisnigaes such as micro-
simulation into the traditional planning proces8RZbegins by defining how the system
is performing, understanding why it is performihgt way, and then evaluating different
strategies, especially operations centric onesdttress deficiencies. The strategies are
then tested using simulation modeling to allowrfmre accurate estimation of benefits.

Three major components can be identified for CM#tridor performance assessment,
micro-simulation model development, and improvensrdategy scenario evaluations. It
turns out that bottleneck analysis, including leotéick identification and calibration in
micro-simulation, plays an important role in thadst of CMP. Bottlenecks are sections
of the freeway that either have capacities less trademand greater than other sections.
These locations will probably experience traffiagestion earlier than other locations as
traffic grows @3). Bottlenecks have crucial impacts on the perferceaof traffic corridors
and simulation model development in CMP. In patéicut is clear that

» Bottlenecks are an important measure of the carggistem performance;

* ldentifying bottlenecks correctly can help develappropriate improvement
strategies to resolve congestion and safety prahland

* Micro-simulation models need to be calibrated tocoamt for bottlenecks.

As a result, CMP calls for solid and practical noetblogies for corridor bottleneck
identification and calibration in simulation. Netlegless, practical methods for
bottleneck analysis are sparse in the literatur@nyvof the methods that are used rely on
limited sets of data. For example, in Caltranstleoécks are identified using floating car
runs @). This method may not identify bottlenecks accelsatfor congested urban
freeways due to limited runs and day to day trafaciations. Chen et al5) provided a
systematic method to identify freeway bottlenecksda on PeMS data. The method,
however, is operated on single day data that maype&@ppropriate for CMP, especially
for simulation model development. This is becaub#PCheeds a simulation model with
typical congestion patterns along the whole corrfidaut single day data is usually
impacted by incidents and day to day traffic vaoiaé. Other methods that have been
developed to identify bottlenecks rely on large anmtoof 30-second data to investigate
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individual bottlenecks. Cassidy and Windover (1985ed 30-second data to construct
curves of cumulative vehicle counts and occupaaaybtain the measurement resolution
necessary to observe transition from free flow tewed conditions. This method is

effective for detailed analysis of features of eureing single bottleneck. But the method
is time consuming to be applied to identifying ahlyzing multiple bottlenecks in a

corridor. A more automated solution is requiregtfiior identifying a bottleneck; then a

more detailed analysis is needed to address indiVior sets of bottlenecks.

On the other hand, according to FHWA simulationdgline @), visual audit is the
primary method for bottleneck calibration. For exden a recent simulation modeling
study addressed day-to-day traffic variations hysodering speed contours of a heavy, a
typical, and a light day of traffic for bottlenedkentification and calibration 6§
However, how to choose a typical day, how to remibveinfluence of incidents in the
data, and how to conduct systematic bottleneck@lon still remain as open questions.
Furthermore, to date, no solid measure has beeelafmd for rigorous bottleneck
calibrations.

In this paper, we focus on developing practical affttient approaches for bottleneck
identification and calibration. In particular, wamato identify recurrent bottlenecks that
are the most interesting and critical, especialylébng corridors with heavy congestion
and high incident rate (e.g., the 1-880 corridothe San Francisco Bay Area). First, the
bottleneck identification method is proposed basedpercentile speed data across
multiple days. Percentile speeds are particuladigable for highly congested urban
corridors due to frequently occurred traffic inaitie that invalidate the use of single
“typical’” day data. Based on the Speed Contour N®pPM) generated from percentile
speeds, we show that bottleneck identification banperformed either manually or
automatically using elementary matrix manipulatiovée further propose a three-step
process for bottleneck calibration, as one criticamponent in the microscopic
simulation model calibration process. The firspsgea visual assessment based on SCMs
to make sure a general match in terms of number@rations of bottlenecks between
simulated and observed data. The second stepmsitich bottleneck areas using a newly
developed measure based on binary SCMs. The lagt ist to calibrate detailed
bottleneck speeds. Experimental studies conductetenl-880 corridor illustrate that the
proposed bottleneck identification method can idigrappropriate corridor bottlenecks.
Further, the three-step calibration method comptesmand improves the current practice
of simulation model calibrations.

This paper is organized as follows. The proposethoaefor using percentile speeds to
conduct bottleneck identification is discussed ict®n 2. The advantages of using
percentile speeds are also given in this secti@tti® 3 focuses on the three-step
method for bottleneck calibration. A real world exae is provided in Section 4 based
on the 1-880 corridor in the San Francisco Bay Afeaally, concluding remarks and

future study directions are addressed in Section 5.



2. Bottleneck Identification

2.1 Current Practice

A congested freeway may contain bottlenecks anddmdbottlenecks. The former is
defined as a location that initiates traffic corigws and the latter is a location that
initiates traffic congestion only under a certaienind pattern. The feature of a
bottleneck is that its downstream is free flow atsd upstream is jammed. Hidden
bottleneck is usually located downstream or upstrefa regular bottleneck.

One method to study a bottleneck and its sevesitiie floating car method. For example,
Caltrans has a Highway COngestion Monitoring Prog(&llICOMP), which conducts
floating car studies for finding traffic congestipatterns of state highways. Floating car
runs are scheduled during peak periods and twygan Several floating cars are on duty
at the same time and trips are generally 15 to B@ites apart. Since the current floating
car method is based on a limited number of obsenstthe traffic congestion report
generated from the floating car runs may not be &bkhow congestion accurately. This
is especially true for major metropolitan areas mghthe freeway system may have
different day-to-day traffic conditions due to @ifént demand patterns and incidents.

Another widely used approach is to analyze Speetddtio Maps (SCM). SCM is a two-
dimensional surface plot on the space-time plarsedban time-dependent speeds at
several locations along a stretch of freeway. Ugudhata can come from a freeway with
vehicle detection systems, which collect traffitadeontinuously. Freeway Performance
Measurement System (PeMS), for example, is a sydtencollect, filter, process,
aggregate, and examine loop detector data fronwage in the State of Californi&)(
Based on data from PeMS, freeway performance anthattlenecks can be analyzed
manually by users or automatically using its spatrelysis (i.e. speed contour function)
and bottleneck analysis toolg, (8). Usually, to identify accurate recurrent freeway
bottlenecks, SCMs from different days need to baly@ed to remove non-recurrent
bottlenecks caused by incidents. This is usualifopmed manually and thus may be
time-consuming. More importantly, due to the vaoiatof traffic congestion from day to
day, bottlenecks obtained this way may not be bidia

To overcome deficiencies of previous methods, wesgmt in this section bottleneck
identification methods based on percentile speetd. dBhe identification algorithms
include both a manual method based on visual aseegésand an automatic method.

2.2 Percentile Speed Data

To identify bottlenecks, an SCM based on “represtérd” speeds needs to be prepared.
The speed data we use in this study are obtairmed ReMS, which obtains measured
speeds directly from double loop systems or esamapeeds for single loop systems.
Since PeMS has archived a large amount of speed(sateral years) for each freeway
detector, how to better utilize these data to obtagpresentative” speeds becomes a
critical issue. Intuitively, using data from mulgpdays instead of a single day would be
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beneficial, but the question is how to generataegpresentative” speed from a set of
candidate speeds. The average speed might be tior apd speed from a typical day is
another. However, speed data from the former methayl be biased by incorrect speeds
from some days (i.e., outliners), while speeds ftbm latter method may be biased by
incidents occurred in the typical day. This pagaust proposes the use of percentile
speeds as the “representative” ones.

Denotei, 0i=12---,N, Iis the index of a freeway detector adds the total number of

detectors within the studied portion of freeways@denotd the discrete time interval
(e.g., 5 minutesjit=12,---, T andx is the postmile (PM) of detector Furthery,(,t) is

the speed of detectoat timet on thed-th day ford =1,2,---,D, andD is the total number
of days. Given the notation above, fxh percentile speed, denoted\ag,t), can be
defined as follows:

PV(i,t) <vP(i,t) = p,0i =1, N, t=1---,T . (1)

Here P represents therobability andv(i,t) the random speed at locatiomn at timet.
Further, since we have in tofaldays,v®(j,t) can be computed as follows:

vP(i,t) =V, (i,t) such that (2)
k=[pD]+1

Here {V,(i,t)|d =1---,D} is a non-decreasing re-ordering of the list of tipld day
speeddyv, (i,t)|d =1,--,D} . Also, [aJdenotes the integral part of a real vadue

From Equation (1), if thg-th percentile speed at detectoat timet is 35 MPH, the
probability of speed at this particular locationtiate t lower than 35 MPH is at least
p*100%. In other words, if speed lower than 35MPHc@sidered as a bottleneck, it
implies that for ovep*100%, this location will be a bottleneck. Therefpipercentile
speeds can be used to describe the probabilityarfadion being a bottleneck, which can
not be modeled by other means such as averagesspeeaatidition, the percentile-based
method provides more flexibility for bottleneck rd#ication and calibration. Since the
percentile is the probability of having a bottlekext the given location and time, the
percentile-based method allows one to considerldmeitks either aggressively or
conservatively. For example, an aggressive approaa use a lower percentile (e.g.,
15%) which will result in more bottlenecks; a cansdive approach may use a higher
percentile resulting in fewer bottlenecks. The dieci may depend upon factors like
resource limitations, etc.; but in any case, bajgressive and conservative bottleneck
analysis results can be presented to decision maienake more informed decisions.



2.3 Speed Contour Maps

Based on the aforementioned method, “representadjmeeds can be obtained and then
used to construct a percentile speed based SCkhéostudied portion of freeway. To

demonstrate the methods for bottleneck analysisjsgeea small example in this section.
We collected observed data for a small segmeneeixay and drew the following SCMs:

(1) SCM based on average speeds;
(2) SCMs from single days with and without incidentsc a
(3) 15-th, 50-th, and 85-th percentile SCMs

These contours are shown in Figure 1(a) — 1(f). 3égment of freeway contains nine
detectors and the direction of travel is from D&ied to Detector 9. The value in the
parenthesis by each detector in the figures ineéscés postmile. Data were collected
from 7:00 AM to 9:30 AM for 20 days and one botdek can be observed. Here we
assume speed is constant from a detector to it®stedownstream detector at a given
time instant. First of all, in Figure 1(b), thec&dions and starting and duration times of
two incidents are also depicted. From Figure 1) 4(c), we can see that due to
possible incidents or day to day traffic variatipB€Ms from single day data could vary
significantly. Thus for heavily congested corridoas“typical” day may not be easily
identified; or even if it can, the data may notrbkable. From Figure 1(d) — 1(f), we can
clearly see that both the spatial extent (queugtigrand time duration of the bottleneck
shrinks as percentile increases. Also note thaStbsl based on average speeds, in this
case, is similar to the 50-th percentile SCM, thdyt are not exactly the same. For
example, the bottleneck duration is longer in t@dtbpercentile SCM.

The 50-th percentile SCM in Figure 1(e) will be dige represent the typical traffic
condition of the studied freeway section. Basedvismal assessment, we can see that
there is one major bottleneck between postmilef24r&l 28.88. The bottleneck starts at
Detector 8 at about 7:40 AM. The congestion grdguwadtends to upstream of Detector 8.
As indicated in Figure 1(e), at 8:30 AM, the quéeregth at Detector 8 is about 28.65-
24.84=3.81 miles and the time duration (until catiga clears) is about 30 minutes.

From Figure 1, since an SCM is indexedilgndt, it can be represented asdrby T
matrix. Denote the matrix & and(i, t) is the speed of sensoat timet, 0i =12,---,N,
Ot=12---,T. Such a matrix representation of SCMs makes titebeck identification
and calibration easily to conduct, which will beasvident in later sections.

2.4 Automatic Bottleneck ldentification

As aforementioned, we assume traffic conditiong., speeds, are constant between two
consecutive detectors at a particular time. Howeivéwo consecutive detectors are too
far away from each other, the above assumption doetold any more. Therefore, the
bottleneck analysis methods proposed in this psipeuld only be applied to the Freeway
Segment with Continuous Detection (FSCD). An FSGDdefined as a portion of
freeway in which the maximum distance between any ¢onsecutive detectors is less
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than some threshold. In this study, we use three{i@s as the threshold, as suggested in
Chen et al. §). For different FSCDs, the bottleneck analysis.(iidentification and
calibration) should be conducted separately.

The most straightforward bottleneck identificatimethod is through visual identification
as discussed in Section 2.3. However, this relgzs/ity on manual work which may not
provide very accurate and quantitative informatmbottleneck information. Thus
certain automatic bottleneck identification methads needed. Chen et &) (leveloped
such an automatic method to systematically ideritégway bottlenecks using 5-minute
PeMS data. The method is based on absolute spéadietector and speed drops. It can
automatically calculate bottleneck spatial extemd ame duration. The algorithm has
been implemented in PeMS.

In this paper, we propose a simplified method bagedthe so-called Binary SCM
(BSCM). To construct a BSCM, we first set a thréddlepeed, e.g., 35MPH. Then speeds
in the original SCM are converted into either Olodepending on whether the speed is
higher than (or equal to) 35MPH or lower. For exiemghe BSCM of the SCM in Figure
1(e) is given in Figure 2 below. The matrix corr@sging to a BSCM is denoted BS.
Therefore, we have eith&Y(i, t) = 0 orBY(i, t) = 1. Clearly, this matrix can be easily
obtained from a BSCM, e.g., the one in Figure 2.

Given a BSCM, bottlenecks can be identified asateas marked by 1's. Sometimes,
there may be “holes” (0’s) within a bottleneck arigathis case, we set these 0’'s to 1's if
at a given location an isolated 0O is enclosed g fontinuous data points and the other
four are 1's. Here an “isolated” 0 means a “zerdthvits two neighbors in the time space
being 1's. The above idea can be easily computérizg manipulating the matrix
(denoted a8S) of a BSCM. The algorithm is summarized as follows

BSCM Bottleneck Identification Algorithm
Sep 1. Removing Isolated Zeros

Fori=1to N
Fort=1toT
If BS(i,t) ==
Set BS(i,t) to 1 if there is a time instant tisthat t' <t and t'+4 >t and
BS(i,t")=1, for all t'<=t" <= t'+4 and #t.
End
End
End
Sep 2. Bottleneck Identification
Fori=Nto 1
Fort=1toT
If BS(i,t) == 1

1) Trigger location i at time t as a bottleneck

2) Find the farthest upstream detector j suahat detectors between i and |
(including j) have speed 1 at t. Then theug length of the bottleneck at i
is (¥xi), i.e. the postmile difference of detector i and j.
HFhd the maximum t_n such that between t and t_n (inedudin), all the
speeds at detector i are 1. Then the time duration obttlerteck at i
is (t_n-t)*A whereA is the length of each time interval (e.g. 5 minutes).

End



End
End

Hence, the queue length and time duration of th#em@ck can be easily obtained by the
automatic method. For example, the queue length camdtion of the bottleneck at
Detector 8 at 8:30 AM are indicated in Figure 2n(ared with Figure 1(e), we can see
that the same results are obtained by using BSGMrefore, BSCM simplifies Chen’s
original method and is easy to conduct. More imgnatty, it is computationally more
efficient for bottleneck calibrations as will besdussed in Section 3.2.

3. Bottleneck Calibration

3.1 Current Practice

Corridor management planning needs to evaluaterdift strategies in a microscopic
simulation model in order to obtain more accuratietion of the benefits. Microscopic

traffic simulation is a software tool for modelingaffic system, including roadways,

drivers, and vehicles. It emulates the traffic egstin such a detail that the state of
vehicles and traffic control devices are contindp(sr discretely) updated every a small
time step (usually, smaller than 0.5 second). ldeprfor micro-simulation models to

produce meaningful results, nevertheless, calimais a critical step which matches
model output with observed data in the real woflde traditional process of simulation
model calibration heavily relies on the engineenudgment, i.e., to adjust the model
parameters (usually demands and network) until oretsle (quantitatively and

gualitatively) correspondences between field data aimulated model results are
achieved 9).

Many calibration studies use flow data for moddibcation and travel time data for
model validation 10, 11). FHWA's micro-simulation modeling guideline summnzas the
model calibration to be a three step process, @wetucapacity calibration, route choice
calibration, and system performance calibrati®n Eystem performance calibration is a
step comparing the overall performance of the medti observed travel time, speed,
and delay. As shown in Table 1, the calibrationgets, developed by Wisconsin
Department of Transportation, are the minimum penéonce requirements recommended
by the guideline. Note that the guideline only pded calibration targets for flow and
travel time data, while speed and bottleneck catibns were all based on visual audits.
In practice, SCMs constructed using speed data Hzeen used for bottleneck
calibrations of several freeway corridor netwonk<ialifornia @, 10, 12). In a calibration
study by Gomes et ab), three speed contours, corresponding to a heatgpical, and a
light day of traffic, were used to identify real-dab bottlenecks. The calibration was
conducted to match bottlenecks’ start times, quengths, and time durations. However,
the study did not match flow data because of tffedity in determining what flow data
to be used due to the large variation of traffewfl In addition, no quantitative measures
were developed.



The calibration of bottlenecks is more critical faorridor level analyses since
bottlenecks can significantly impact the perform@antan entire corridor. As a result, we
argue that simulation model calibration needs tosmer both flow and bottlenecks.
Ideally, one needs to match the number, locatishapes, areas, and actual speeds of
bottlenecks generated by micro-simulation agaihesé from the real world observed
data. In this paper, we propose a three step mdoesoottleneck calibration, starting
from rough matching to detailed calibration. Basadhow “good” the model needs to be
calibrated, these three steps can be used as ldwels of calibration targets. The
proposed method thus complements and enhancesitbH®VA guideline on bottleneck
calibration and further provides flexibilities fa@imulation model development and
calibrations.

3.2 Visual assessment

The first step of bottleneck calibration is to \afly assess SCMs created by both
simulated and observed data to make sure the nuamakfocations of bottlenecks can
roughly match. No quantitative criteria can be lgadéfined for this step since it highly
depends on experience and engineering judgmentetkmywthe visual assessment step is
very important since it sets up the appropriatéahiSCMs for the later two steps to
calibrate bottlenecks in a more concrete way. Traatestrate the methods for bottleneck
calibrations, Figures 3(a) and 3(b) depict, regpelst, the SCM and BSCM generated
from simulation for the example in Figure 1. Thare two isolated zeros in Figure 3(b)
which should be replaced by 1's, resulting in tined BSCM in Figure 3(c).

Through visual assessment, one can see that #ihe8CMs or BSCMs from observed
and simulated data are quite close to each otrere iWe use the 50-th percentile speed
contour plots in Figure 1(e) and Figure 2 to repn¢observed data. Usually one may
claim at this point that the bottleneck calibratien satisfied according to visual
assessment. In the next two sections, neverthelessyill develop methods to further
conduct more rigorous bottleneck calibrations bagedbottleneck areas and detailed
speeds.

3.3 Match Bottleneck Area

After the first step, two SCMs (or BSCMs) will bergerated, one from observed data and
the other from simulation. Their SCM matrices aemated asS, and S, for simulation

and observation, respectively, while BSCM matrigesrepresented &S, and BS, .

The area matching of bottlenecks can be conducteduhe two BSCM matrices. In
particular, the following measure is defined toigade how well the bottleneck areas are
matched between simulated and observed data:



2 (Y[BS, (. 0BS, 6D, ~x |
C, =—it i ’ 3)

2 A [BS(i,t) + BS, (,)DIx. =X, [}

i=1 t=1

wherei” is the nearest downstream detector afd @] denotes the absolute valueaof
Also in Equation (3), £ " denotes the “and” operator and we have @ =0, 0L 1 =0,
1C0=0,and 1" 1=1.

From Equation (3),C; is the proportion of the overlapping area of sabed and
observed BSCMs with respect to the average of wte The definition considers the
spatial extent (i.e., the spacing between detectbys incorporating|x. —=x |, the
distance of two consecutive detectors. Cleatlyranges from O to 1. A larg€; value
means a better match between the simulated andvelskottlenecks. In particular, “1”
means the areas of the two are perfectly matched.

For the observed and simulated data in Figure 1Faatre 3, Figure 3(d) first illustrates
the overlapping area of the two BSCMS in Figuren@ Bigure 3(c).

One can then calculatg =905% from Equation (3) based on the postmile infornratio
shown in Figure 1.

The calibration criteria for bottleneck area matghtan be set as
C 24 4)
Here 9, is the threshold.

3.4 Detailed Bottleneck Calibration

If the second step for matching bottleneck areasatissfied, the last step will be the
detailed speed calibration. This step is conducadSCM areas that are either in
simulation or observed bottlenecks. Thereforesibased on the original SCMs from
simulated and observed data. In particular, wendedinother measure, denotedCasas
the objective function for the calibration in tisi®p:

2> (S [BS, (. OBS, (,0]0S, (.0 -S, 6.O))Ix. % |
C,=1- =L t=1 ) 5)

DA [BS,(i,t) OBS, (i,)] S, (i,t) + S, (i, )DIxX. —x [}

i=1 t=1

Here “L_" is the “or” operator and we havel00=0,0L 1=1,1L 0=1,and 1 1=
1. Note thatS,(i,t )and S (i,t) here are the actual speeds from simulated and\aube

data. Further, the calibration is based on uh®n of bottlenecks from simulated and
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observed SCMs since bottlenecks are the most stbegeto simulation calibrations.
Figure 3(e) depicts the union of bottlenecks fa ¢ixample discussed above. Obviously,
C, ranges from O to 1 as well with a larger valugespnting a better match. In particular,
the bottlenecks in the two SCMs will exactly matahterms of both areas and actual
speeds, i, is equal to 1.

For the above example, one can ob@r= 64.2% by considering the actual speeds of
SCMs in Figure 1(e) and Figure 3(a).

Similarly as for area matching, a calibration ¢rda can be set up by introducing
another threshold, such that:

C,29,. (6)

In general, the calibration of both the second third steps is to adjust model parameters
so that their corresponding measures can be maedria the extent possible. Many
methodologies in this regard have been propos#tkititerature §, 9, 10, 13).

4. A Real World Example

In this section, we provide a real world examplangshe northbound 1-880 corridor in
the San Francisco Bay Area in order to demonstifaebottleneck analysis methods
proposed in this paper. Figure 4 is a map of tl80-corridor with the two “stars”
indicating the starting and ending points of thémeek. The [-880 corridor is currently
being studied by a team of researchers includirey @hthors, researchers from the
University of California at Irvine, and System Mes Group (a private consulting firm).
The purpose is to develop corridor management pignetrategies for Caltrans via
applying detailed micro-simulation techniques (Pacs was used). Results from this
study are used to support the real world exampthigsection. The detection system of
[-880 is a double-loop system and thus speed dateided by PeMS are measured
speeds. Also, its detector spacing is sufficientesimost of its freeway segments have
detection coverage at intervals of ¥2 mile or Idsgenty days of northbound 1-880 data
were collected from January to February of 2006dioly Tuesdays, Wednesdays, and
Thursdays. The simulation was conducted for AM ppakod from 6:30 to 9:30. The
simulation data used in this section is an intem@sult, not necessarily the final results
from the simulation model.

The 1-880 simulation model was calibrated agairstteof flow data, including data at 42
mainline locations and 93 on-ramp and off-ramp tioces, and a set of travel time data
collected using floating car runs. As shown in EaPa, the GEH of most mainline and
ramp links are less than 5, which satisfies FHWAesommended flow calibration
criteria (as illustrated in Table 1). As shown iable 2b, the northbound 1-880 has a total
of seven sections. Among them, simulated travedsimof six sections satisfy the FHWA
guideline, equivalent to 86% of all sections. Regay the total travel time for the whole
studied northbound, its percent error is -7.0%adxition, as shown in Figures 5(a) and
6(a), two bottlenecks can be identified in both dated and observed data and their
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locations are roughly matched with each other. ldepoe may claim that the simulation
model has been calibrated satisfactorily accortbriitpe FHWA guideline.

We next show the bottleneck identification andlwaliion results for the studied corridor.
Firstly, the observed 50-th percentile SCM and BSa® what we use for the analysis,
as shown in Figure 5(a) and 5(b), respectively.e $hmulation SCM and BSCM are
depicted in Figure 6(a) and 6(b). We can first obsehat the bottleneck identified using
the BSCM method is appropriate to represent theahbittlenecks in both observed and
simulated data. Furthermore, using Equations (8) (& the value o€, andC, can be
calculated a€;= 24.2%,C, =42.5%.

Clearly, although the calibration based on flow &ravel time is satisfied according to
current practice and guidelines, the bottleneckration result is rather unsatisfactory.
Our proposed two measures, however, can capturetitpiszvely how well the
bottlenecks are matched with each other. Therefbeeproposed bottleneck calibration
method complements and improves existing simulagwdelines. The proposed method
may be included into future simulation calibratiguidelines for more rigorous
bottleneck calibrations.

5. Conclusions

This paper proposed approaches for bottleneckifaextton and calibration in corridor
management planning. The approaches were base@roantile speeds by using data
from multiple days. It turned out that this is maappropriate for urban congested
freeways than using single day data. The bottleridektification was conducted on
speed contour maps either manually or automaticaligpecially, an automatic
identification algorithm was developed by manipuigtthe matrix representing binary
speed contour maps. The algorithm for bottlenedlo@tion was proposed as a three-
step process, which could be regarded as threé¢slevealibration targets. In the first
step, visual assessment was performed to make asswgeneral match of number of
bottlenecks and locations between simulated an@rebd data. This step is actually
consistent with current FHWA simulation calibratignideline. The second step was to
match areas of bottlenecks based on a newly dese@lopeasure using binary speed
contour maps. Finally, an objective function wasral in the third step to further match
detailed speeds of bottlenecks. To demonstrateptbposed approaches, a real world
example was provided using the 1-880 corridor nekwion the Bay Area. The result
showed that the proposed bottleneck identificatmethod can generate adequate
bottleneck plots. Furthermore, the measures deedlopan properly capture how
bottlenecks are matched with each other. Thistitsd that the proposed bottleneck
calibration method complements and further improcesrent state of practice for
simulation calibration.

Although presented using speed data, the methagsoped in this paper may also be
applied to flow and occupancy data since both efrtthave been used for bottleneck
identification purposes. This is particularly udefar areas where speed data is not
available (e.g., only single loops were deployedl dhus speeds are not directly

12



measurable). The authors are currently working simguflow and occupancy data to
identify and calibrate corridor bottlenecks. On titker hand, 5-min data were used in
this paper, which may not be available for manyasna the U.S. Although the methods
developed in this paper do not have restrictionthertemporal resolution of the data, the
bottleneck analysis results will be impacted sigaifitly by the data resolution. It is easy
to observe from the proposed methods that the acguwf the analysis (e.g., locations
and durations of bottlenecks) is directly deterrdibg the resolution of the given data. In
this sense, one needs to balance the data cofiexffiarts and quality of the analysis. The
authors will further pursue research in this digcto provide recommendations on the
appropriate temporal resolution of input data.

Furthermore, the proposed bottleneck identificatma calibration methods need to be

further tested in more studies. In particular, pcat approaches need to be developed to
address how to adequately adjust model parametdegititate the three-step bottleneck

calibration procedure. This will help to incorpa@anore rigorous bottleneck calibrations

in future simulation development practice.
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Table 1 Calibration Targets Suggested by FHWA Guideline

Criteria and Measures

Calibration Acceptance Targets

Hourly Flows, Model Versus Observed

Individual Link Flows
Within 15%, for 700 veh/h < Flow < 2700
veh/h
Within 100 veh/h, for Flow < 700 veh/h
Within 400 veh/h, for Flow = 2700 veh,/h

Sum of All Link Flows

GEH Statistic < 5 for Individual Link Flows*

GEH Statistic for Sum of All Link Flows

Travel Times, Model Versus Observed
Journey Times, Network

Within 15% {or 1 min, if higher)

Visual Audits
Individual Link Speeds
Visually Acceptable Speed-Flow
Relationship
Bottlenecks

Visually Acceptable Quening

= 85% of cases

> 85% of cases

= 85% of cases
Within 5% of sum of all link

conts
= 85% of cases

GEH = 4 for sum of all link
connts

= 85% of cases

To analyst’s satisfaction

To analyst’s satisfaction

*The GEH statistic is computed as follows:

where:

E = model estimated volume
Vo= field count
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Table 2a Northbound Flow Calibration Results

Interval 1 (7:00-8:00 am Interval 2 (8:00-9:00 am)
Mainline Ramp Mainline Ramp
GEH: 0-5 95% 85% 86% 85%
GEH: 5-10 5% 15% 14% 15%
Satisfies Guideline? 95% 85% 86% 85%

Table 2b Northbound Travel Time Calibration Results

Start End Observed| Simulated | Difference | Diff(%) | Satisfies guideline?
(Seconds) | (Seconds) | (Seconds)
N. start Automall 381 424.8 43/8  11.50% TRUE
Automall | SR-84 307 340.5 335 10.91% TRUE
SR-84 SR-92 67¢ 528.6 -1475 -21.82% FALSE
SR-92 [-238 234 187.2 -46)8  -20.00% TRUE
[-238 08" st 387 353.7 -33.8 -8.60% TRUE
98" st 29" st 322 266.§ -55.4  -17.20% TRUE
29" St N. end 327 349.5 225 6.88% TRUE
N. start N. end 2634 2450(8 -183.2 -6.96% TRUE
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Figure 6 (a) Simulated Speed Contour Map - SCM
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Figure 6(b) Simulated Speed Contour Map - B
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