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Abstract

The rapid evolution in the sophistication of mignoslation models has encouraged their use in
transportation engineering and planning. TrafficTbwns SIMulation (VISSIM as its acronyms
in Germany) is a microsimulation model used for diesign of traffic actuated control systems.
The main objective of this research project wasexplore the microsimulation commercial
software VISSIM, to determine its ability to repeas arterial network conditions in Puerto Rico,
specifically in a test bed located in Mayaguez.

The test bed is a thirteen (13) kilometers (8.les)ilcorridor located on highway PR-2 between
the municipalities of Mayagiiez and Afiasco. Theraft@etwork was divided in two different
segments taking into consideration the geometriaradteristics of each segment. Data was
collected from both, providing the necessary infuthe simulation and compared the results
obtained. After performing the simulation, a state analysis was completed to study how this
microsimulation tool represented the Puerto Rit¢@ffic conditions. The results obtained using
statistical analysis showed that the output obthinethe simulation with VISSIM matches the
data obtained from the field studies. Therefore,glogram allows for a good representation of
current conditions on the arterial corridor studied
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1 Introduction

Traffic simulation software has become increasingigre popular as a traffic analysis tool used in
transportation analyses. One reason for the usaneement of simulation is the need to model and
analyze the operation of complex transportatiortesys under congested conditions. Simulation is used



when some analytical techniques or conditions, rarerepresented by using mathematical equations.
Simulation models are typically classified accogdio the level of detail at which they represerg th
traffic stream.

A microsimulation model is a software tool thatiged in a simulation process incorporating in détei
Microscopic model. It employs several submodemalyical relationships, and logic to model traffic
flow. Simulation models include algorithms and otp:

- Generate vehicles into the system to be simulated.

« Move vehicles into the system.

- Model vehicle interactions.

Some of the microsimulation tools that have beeedu® model a road networks are AIMSUN,
DRACULA, Paramics, SISTM, MITSIM, CORSIM, and VIS&lamong others (Dowling R. et. al.,
2004).

The area selected in which our study was perforiméacated in the western coast of Puerto Ricdén t
municipality of Mayagliez. Mayagiez, calldda"Sultana del Oestehas a population of 95,280 (Annual
Estimates of the Population 2005 Census Bureau)aandrea of 200 kinls the third-largest city in
Puerto Rico, and is considered one of the most iitapbcities in the island. Figure 1, presents @ wfa
Mayaglez and its surrounding municipalities. Mayaglimits to the north (N) with the municipality of
Afasco, to the south (S) with San German, Hormigeiand Cabo Rojo, to the east (E) with Las Marias
and Maricao and to the west (W) with the Atlantice@n.
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Figure 1 Map of Mayaguiez and surrounding municipaliies

Demand for highway lanes continues to grow as @i increases, particularly in this metropolitan
area where congestion has become one of the naaispiortation problems. Congestion is largely thbugh
of as a big city problem, but delays are becomimgyéasingly common in small cities and some rural
areas as well.

In essence, highway congestion results when trdéfoand approaches or exceeds the available capacit
of the highway system. Traffic demands vary sigaifitly depending on the season of the year, theflay



the week, and even the time of day. On the othadhthe capacity, often mistaken as constant, can
change because of weather, work zones, trafficd@mts, or other non-recurring events. All of the
characteristics mentioned above are conditionsttha¢ being seen in the arterial network of the2PR-
the Mayaguiez Metropolitan Area, the mayor systeed i/ the community to travel every day.

Arterial system serves major metropolitan centeesridors with the highest traffic volume, and taos
with the longest trip lengths. The selected artere&twork has problems with congestion, delays and
gueue. VISSIM is used to simulate and analyzesadheitions of this arterial system in Puerto Rico.

1.1 Objectives

The main objective of this report is to explore therosimulation commercial software, “VISSIM”,
determine its ability to represent arterial netwedaditions in Puerto Rico, specifically in a tésd
located on roadway PR-2 at Mayaguez.

To enhance knowledge by the literature research.

To identify and select two different segments oe thest bed located on roadway PR-2 at
Mayaguez.

To perform simulations on each of the segmentsraggg, and obtain the output needed.

To evaluate the output of VISSIM using statisti@aalysis on the two segments selected.

1.2 Scope of Work

The modeling of individual vehicle movements oneeand or sub-second basis for the purpose of
assessing the traffic performance of highway andestsystems, transit, and pedestrians is called
Microsimulation. The rapid evolutions in the sopication of microsimulation models have expanded
their use in transportation engineering and plagprpnactice (Dowling, 2003.). VISSIM (Traffic In
Towns: SIMulation) is used for the design of traffictuated control systems (Fellendorf M., 1994).

A microscopic, behavior-based multi-purpose trafienulation program, VISSIM, used on many
engineering disciplines, has become an indispeasabtrument for the analysis of complex technical
systems. It is an invaluable cost-reducing toobffiérs a wide variety of urban and highway apiass,
integrating public and private transportation. Egemplex traffic conditions are visualized in grdatail
providing realistic traffic models. Traffic engina®y expertise combined with 3D animations warresti
realistic presentation for both technical expend decision makers (PTV AG, 2004.).

VISSIM is a microsimulation software that has be#arted to use at different regions to analyzedimul
interaction transportation systems. Therefore,uar® Rico has not been used and analyzed howitwell
represents the traffic conditions in our environmeéssing VISSIM, we can compare how well this
microsimulation tool represents the actual condgim Puerto Rico.

VISSIM consists of two different programs: the fi@fsimulator, and the signal state generator. The
traffic simulator is a microscopic simulation modemprising of car-following logic and lane chargin
logic. The signal state generator is a signal cbrgoftware that polls detector information frometh
traffic simulator on a discrete time step basis Aéé&nter, 2004.)..



2 Methodology

The process been used to achieve the main objestteedetermine how the VISSIM software represents
the actual conditions in the specific selected igest Using statistical inference, compare average
conditions obtained as output of VISSIM with theldi data measurements.

» Identify at least two segments along the PR-2tiatpat the Corazones Avenue and ending
with the intersection PR-109 of the Aflasco munidipand PR-115 of Rincon municipality.

» Differentiated the sections using some parametkesttaffic congestion, traffic volume or
street geometry.

* Gather the field data necessary to simulate tt#ctr@onditions of the PR-2, and obtain the
data of each of the selected sections includingn@@#y (lengths, lanes, and curvature), and
Control (signal timing and signs)).

» Base model development using VISSIM using aeriakquh

» Verify the input data of the software with the dg&hered on the field.

» Compare average conditions obtained as output 861M with the field data measurements.

* According to the results obtained in these compassfinal conclusions will be
drawn regarding the suitability of VISSIM to be dsa the Puerto Rico environment.

3 Results

The selected Test bed network along the PR-2 altgrieet started at the “Corazones” Avenue (PR-114
and ended at the PR-2 intersection with the PRar@PR-115 of the Aflasco and Rincon municipality
respectively. The length of the project was abbutgen (13) kilometers and consisted on twenty) (20
principal signalized intersections. This networkswadivided in two principal segments, taking into
consideration the number of lanes in both direstigRigure 2).
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Figure 2: Mayagiiez road map area (left) and the twerincipal segments in which the network was
divided (right)
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The first segment had two lanes for each directéond the other section was had three lanes for each
direction. In this first segment the intersecticged for the analysis was the PR-2 intersection t¢h
“Centro Médico” hospital has three lanes per dioectlong the PR-2 (north and south direction). The
“Centro Médico” west approach has three (3) lamegxit and 2 entrance lanes (Figure 3). The east
approach consisted of 2 entrance lanes and 2agmdslwith a right turn with a non-stop restriction.
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Figure 3 First selected area schematic representati for the maneuvers used in the Delay Study

Table 1 Results for the Delay Study for the morningeriods at the PR-2 intersection with the
“Centro Médico” Hospital

. Accumulative | Vehicles Tot_a}l of | Average Stop_pe(u
Period Maneuvers : exiting | delay per vehiclg
Queue Vehicles second .
vehicle (sec)
Morning
Moverpents Centro Medlco 1,256 18,840 328 57.44
to: Hospital
Medical Emporium 1,333 19,995 252 79.35
Movements Centro Medlco 744 11.160 148 75 41
out: Hospital
Medical Emporium 300 4,500 56 80.36

The east approach provided access to commercidimgs (Medical Emporium) where restaurants, fast-
food facilities, government offices, medical ofgeclinical laboratories, a video rental, a drugstand
the Veteran’'s Hospital are located. On the westagah, we could find the “Centro Médico” Hospital
which is the most important trauma and cardiovasatgnter in the western area of Puerto Rico.

In the second segment, the intersection used éatlalysis was the Western Plaza intersectiorgthas
access to a commercial center area with a non-cangeometric property (Figure 4). It consists of a
frontage road that gives access to a vehicle ddalgrfoods and other commercial buildings. Thevimo
theater, SAM'S, K-mart, Home Depot and other fasbds are located on the other side of the
intersection.
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Figure 4 Second selected area schematic represematfor the maneuvers used in the Delay Study

Table 2 Results for the Delay Study for the morningnd evening periods at the PR-2 intersection
with the Western Plaza

Period Maneuvers Accumulative Vehicles L?(E:Lgf Stc')ag\)vp?erggdeelay
: Queue Vehicles second . i

Morning vehicle per vehicle (sec
Movements to: Mc Donald's 2,262 33,930 203 167.14

Western Plaza 1,041 15,615 197 79.26

Movements out: Mc Donald's 1,387 20,805 211 98.60

Western Plaza 1,131 16,965 277 61.25

Evening

Movements to: Mc Donald's 529 7,935 97 81.80
Western Plaza 4,506 67,590 459 147.25

Movements out: Mc Donald's 972 14,580 178 81.91

Western Plaza 2,985 44,775 454 98.62

After performing the VISSIM intersections simulatiduring the peak period and with the delay study
data gathered &aTest Statistical Analysis was performed. In thest®n, a comparison between the field
measurement and the VISSIM output delay was peddriithe Table 3hows the data used to make

the statistical analysis.



Table 3 Average Stopped delay per vehicle in secand

Maneuver Field Data VISSIM output Difference
AM Towards Approach
Medical Emporium 79.35 82.10 -2.75
"Centro Medico" Hospital 57.44 62.60 -5.16
Departing Approach
Medical Emporium 80.36 81.60 -1.24
"Centro Medico" Hospital 75.41 44.20 31.21
AM Towards Approach
Mc Donald's 167.14 137.40 29.74
Western Plaza 79.26 78.00 1.26
Departing Approach
Mc Donald's 98.60 99.00 -0.40
Western Plaza 61.25 71.40 -10.15
PM Towards Approach
Mc Donald's 81.80 94.50 -12.70
Western Plaza 147.25 151.50 -4.25
Departing Approach
Mc Donald's 81.91 79.30 2.61
Western Plaza 98.62 89.60 9.02

Table 3 presents the data used for titest and the pairetttest: Two-Sample Assuming Unequal
Variances analysis. Figure 5 (from MINITAB 14) st®wa comparative box plots for the field data and
the VISSIM output. These comparative box plotséatid that there is no obvious difference in betwee

the means of the two samples. TtHest: Two-Sample Assuming Unequal Variances amalgmve an
exact comparison between these two samples.
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Figure 5 Comparative box plot for the Field data and VISSIM output data

For the two samples analysis, tiheest was used @a=0.05 corresponding for the confidence interval of

95%, The mean difference_l,, was calculated, which is the sum of all the sealigided by the number
of scores. The formula in summation notation is:

,U:)_(:%iz:,(xi)

wherep / X is the mean (population or sample respectivelyd, mns the number of observations. The
mean difference for the Field data was ninety twimipthirty seven (92.37), and for VISSIM outputsva
eighty nine point twenty seven (89.27).

The variance was calculated, which is a measutewfa distribution is spread out. It was computed a
the average squared deviation of each number fiiomean. The formula for the variance is:

o?=¢"= Zn:(xi -x)°

1
N =

where g? | s®is the variance (population or sample respectivélie variance difference for the Field
data was one thousand seventy eight point fortersgd,078.47), and for VISSIM output was eight
hundred eighty two point seventy one (882.71). Thiem standard deviation was calculated. The faamul
for the standard deviation is the square root efdriance.

g=s=+o? =s* = %Zn:(xi i

i=1

The standard deviation difference for the Fieldadats thirty two point eighty four (32.84), and for
VISSIM output was twenty nine point seventy one.729. For this analysis, the Degree of Freedom was
measured by:
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The Degree of Freedom resulting from the above temuavas 22. Finally, théstatistic was calculated,
which is given by:

nl n2
The t-statistic value difference for the Field data @hd VISSIM output was 0.24. Detailed statistical
results are shown in the Table 4.

Table 4 T-Test: Two-Sample Assuming Unequal Variares results for the comparison between the
Field data and VISSIM output

Field Data  VISSIM output

Mean 92.37 89.27
Variance 1078.47 882.71
Observations 12.00 12.00
Hypothesized Mean Difference 0.00

Df 22.00

t Stat 0.24

P(T<=t) one-tail 0.41

t Critical one-tail 1.72

P(T<=t) two-tail 0.81

t Critical two-tail 2.07

Data gathered from Excel

Sincea=0.025, H could be rejected, ih>to 025 2572.07 or ifte< -tp.025 2= -2.07. After performing thé
Test statistical analysis, the null hypothesig: (fi=p,) was done. Where the result demonstrated that
there was no difference between the field data thedVISSIM output (-2.07 < 0.24 < 2.07). This
evidence that there is not enough information tmalestrate that exists any difference between #id fi
data and the VISSIM output.

Then, a paired t-test was used to compare the tpalation’s means; in this case, the field datheyatd
compared the delay study with the VISSIM outputbl€a3 presents the column for the difference data
used to perform the paireédest analysis. The null hypothesis proceduredbitehe true mean difference
is zero, started with the differences calculatietween the two observations (d = Field data — WSSI
output).

After the approach differences were calculated, riean differenceﬂ , was calculated. The mean
difference between the Field data and the VISSIpouwas 3.10.

Furthermore, the variance difference between te&lFlata and the VISSIM output was calculated, this
resulted in a value of 195.57. The standard deviatesult of 13.98 was found. Finally, thstatistic



difference between the Field data and the VISSINpouwas calculated giving a value of 0.77. The
statistical results are shown in detail at the &bl

Table 5 T-Test: Paired Two Sample for Means

Field Data  VISSIM output

Mean 92.37 89.27
Variance 1078.47 882.71
Observations 12.00 12.00
Pearson Correlation 0.90

Hypothesized Mean Difference 0.00

Df 11.00

t Stat 0.77

P(T<=t) one-tail 0.23

t Critical one-tail 1.80

P(T<=t) two-tail 0.46

t Critical two-tail 2.20

Data gathered from Excel

Sincea=0.025, H could be rejected ifo>tp 025, 152.20 or ifte< o025 1= -2.20. After performing the
statistical analysis for theTest, the null hypothesis analysiso(Hu=p;) was performed; the result
demonstrated that there was no difference betweefidld data and the VISSIM output (-2.20 < 0.77 <
2.20). This evidenced that there are not enougtrrimition to demonstrate difference between thel fiel
data and VISSIM output.

4 Conclusion

The research’s main objectives were achieved. Tmentercial microsimulation software, “VISSIM”,
was explored. It was determined that it has a galoility to represent arterial network conditions in
Puerto Rico, specifically in the test bed located@adway PR-2 at Mayagiez (PR-2 - “Centro Médico”
Hospital Intersection and PR-2 - Western Plazasetdion).

Literature knowledge enhancement was achievedcidlyeon the different simulation programs thag ar
available and the different car following behaviors

The bed site located on roadway PR-2 at Mayaguezdigerentiated in two different segments. In the
first segment the PR-2 - “Centro Médico” Hospitatersection was first tested and analyzed with
VISSIM. The second segment corresponds to the sisady the PR-2 - Western Plaza intersection. This
intersection, like the first one, was tested aralyaed with VISSIM.

The null hypothesis used for the analysis: (i=p,) said that there was no difference between tHd fie
data and the VISSIM output. The result for the T3ample Assuming Unequal Variances Analysisst
demonstrated that there was no difference betweefidld data and the VISSIM output (-2.07 < 0.24 <
2.07). Also, the pairetitest result demonstrated that there was no difterdetween the field data and
the VISSIM output (-2.20 < 0.77 < 2.20).
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When the t-statistic for the two-sample (0.24) wiib t-statistic for the pairdetest (0.77) are compared,
the value results for the Two Samphkest demonstrated that if a difference exist tieepractically
nothing. This is because the value for tis¢atistic is closer to zero (0).

An advantage of the VISSIM program during the sitioh process is when a priority sign is located in
the intersection; the driver did not make the cspoading priority rule with no other vehicles praise
Other advantage of the VISSIM program was its gbiiff three dimensional representations (3D view)
because you can clearly see the intersection suithogs

5 Recommendations

After the research analysis was performed, we coetdmmend the use of the VISSIM software. The
VISSIM simulation can be performed do to its welpresented 3D visual graphics simulation for the
actual conditions of any network. Other simulatioaa be perform, not for an intersection separabely

for the entire arterial network or in the entirgisents where the arterial was divided. Future relezan

be performed, taking into account the potentialantmf downstream congestion in both directionthef
intersection operation. Furthermore, a comparisam ®e made using other of the mentioned
microsimulation programs versus VISSIM comparing which one, an easier, real and accurate
simulation would be done.
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