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Introduction

Module 7, Appendix A, provides additional guidance and insights on the calibration of the
underling Wiedemann car-following models. As a reminder from Module 7, there are three
separate, but related, processes that should be undertaken for each model: verification,
validation, and calibration.

Verification is the confirmation that a model has been constructed and operates as
intended. Verification requires carefully stepping through a model to confirm each
modeling element operates as intended. It is critical to maintain the understanding
that many verification errors (e.g., two lanes where there should be three) will not
be indicated as a PTV-VISSIM® warning or error. PTV-VISSIM® warnings
contribute to the verification process, but they do not replace a deliberate, detailed
review of the model!

Validation confirms that the performance of the model satisfies expectations (e.g.,
the model approximately matches field conditions). Validation seeks to confirm
that a model matches approximately the real world (or expected performance),
often in terms of some performance measure, such as speed, delay, travel time, etc.

Calibration is the adjustment of the underlying parameters of a verified model to
achieve a valid model. In PTV-VISSIM® this is often taken to be a calibration of
the underlying Wiedemann car following parameters, although other parameters,
such as lane changing parameters may be considered as well.

The importance of a detailed and thorough verification process prior to any calibration of the
Wiedemann car-following parameters cannot be understated. Any model calibration effort
where underlying issues exist within the model may result in a poorly calibrated model yielding
unreliable results when subsequent scenarios are constructed building on the base simulation.
For example, consider the alternative left turn bay design in Module 5 that utilized a single
link to represent both the through lanes and the left turn bay. If left turning vehicles
unrealistically block the through traffic by being too aggressive in seeking a downstream lane
change point (e.g., very close to the stop bar), travel times and thus delays may be significantly
impacted. While certain adjustments to the Wiedemann parameters might result in travel times
matching the field observations under these conditions, it is likely that these parameter values
will be too aggressive given the need to adjust for the erroneous delay occurring at the left turn.
Prior to calibration, the model developer must address any such blockages or other unrealistic
behaviors. Many other similar examples may be considered, such as lane change settings, link-
connector structure at on-ramp merging, routes through weaving zones or closely spaced
intersections, to name a few. Modifications necessary to address any identified issues with
routing, link-connector, conflict zone, etc. must be made before calibrating any Wiedemann-
type car-following models. Likewise, any local calibrations, such as Lane Change Distance
and Emergency Stop Distance, should be adjusted prior to Wiedemann parameter calibration.
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Only when such adjustments have been completed should the modeler consider car-following
parameter adjustment. The modeler must be aware that the calibration process itself may
uncover additional verification issues that need to be addressed, requiring that the calibration
be revisited after any necessary model modifications.

As part of the verification checks, the model developer is encouraged to utilize the power of
sensitivity analysis. For instance, many potential model issues may not be obvious under
conditions well below capacity. Therefore, it is often useful to load the model with high
volumes as part of the verification process, even if those volumes are not expected in the later
analysis. Reviewing the model under these conditions can often highlight potential underlying
issues with the model.

Calibration Philosophy

Any model calibration effort should consider the following guidance, repeated several times
throughout the PTV-VISSIM manual:

@ Warning: Driving behavior parameters control the driving behavior and can therefore lead to a
considerable change in the simulation results! Change the driving behavior parameters only if you
are a very experienced userl

Source: (PTV_AG, 2024)

Thus, as a general calibration philosophy, this guidance recommends a “less in more”
approach. The calibration with the fewest parameters adjustments, by the smallest increments,
that provides a reasonable reflection of field conditions (not necessarily the “best”) is
considered the preferred solution. As will be seen in the following discussion, car following
parameters can have interactive effects that make the prediction of the impact of changing a
parameter difficult to predict. Additionally, these interactions can change depending on the
parameter values, underlying model construction, speeds, and demands. Recall, the objective
of many modeling and calibration efforts is to create a model that represents field conditions
AND provides reasonably accurate performance when the model is altered to build or future
conditions.

Unfortunately, there is no guarantee in simulation that a model’s outcome will be accurate
when demands and designs change from calibrated conditions. The advantage of default, or
commonly used parameter sets, is that they have passed the test of time, i.e., many different
successful use cases. While significant parameter values ranges may be found in the literature,
values closer to the default have the benefit of demonstrated reliability under many differing
situations. The greater the number of parameters changed, or the degree of such changes, the
greater the requirement that the model developer ensures reasonable performance under
alternative conditions. This discussion is not intended to prohibit a model developer from
changing parameter values, in fact there are many situations where such changes may be



warranted. However, one should heed the PTV-VISSIM® warning and PROCEED WITH
CAUTION!

Wiedemann Car Following Model

Action Point Model
Car following models define whether a vehicle accelerates, decelerates, or maintains its
current speed in the next time step, when the vehicle is in car following mode. PTV-
VISSIM® uses the Wiedemann 74 and Wiedman 99 models as its car following algorithms.
The various parameters of the Wiedemann car following models allow simulation
developers to calibrate the response (or sensitivity) of the following vehicle’s behavior to
its lead vehicle within the constraints of the underlying modeling form.

Before exploring how these parameters impact aggregate or macroscopic traffic flow
metrics, we will examine how these parameters the impact behavior of individual vehicles
following a lead vehicle. Better understanding an individual vehicle’s behavior can often
lead to an improved intuitive sense of how the variability of a parameter is likely to
influence this aggregate traffic flow.

The Wiedemann models follow an “Action Point” car-following model also referred to as
a Psycho-physical car following model (Vortisch & Fellendorf, 2011). Loosely, given the
distance between a lagging (also referred to as following) vehicle and the leading vehicle,
and the difference in vehicle speeds, the vehicle will be in one of four driving states. The
four states are Free Driving, Approaching, Following, and Braking. Figure 1 illustrates
these states.

e “Free driving: No influence of preceding vehicles can be observed. In this state, the
driver seeks to reach and maintain his desired speed. In reality, the speed in free driving
will vary due to imperfect throttle control. It will always oscillate around the desired
speed.

e Approaching: Process of the driver adapting his speed to the lower speed of a
preceding vehicle. While approaching, the driver decelerates, so that there is no
difference in speed once he reaches the desired safety distance.

e Following: The driver follows the preceding car without consciously decelerating or
accelerating. He keeps the safety distance more or less constant. However, again due
to imperfect throttle control, the difference in speed oscillates around zero.

e Braking: Driver applies medium to high deceleration rates if distance to the preceding
vehicle falls below the desired safety distance. This can happen if the driver of the
preceding vehicle abruptly changes his speed or the driver of a third vehicle changes
lanes to squeeze in between vehicles.”

(PTV_AG, 2024)
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Figure 1. Graph. Driving state of PTV-VISSIM Psycho-Physical (Action
Point) car following model (Vortisch & Fellendorf, 2011).

The axes on Figure 1 are AX on the y-axis representing the distance between the lead and
lag vehicles, and AV on the x-axis which is the speed difference between the lead and lag
vehicles. The figure represents the “action points™ for the lag vehicle, where a vehicle
changes from one state to another. The “No reaction” zone represents the range of AX and
AV values where the vehicle is in free driving. That is, the vehicle behavior is unaffected
by the presence of the leading vehicle. The “Conscious reaction” zone is the AX and AV
zone where a faster lagging vehicle is approaching a slower leading vehicle and has
determined that it needs to brake as it is approaching. The objective of the lagging vehicle
is to slow to the leading vehicle’s speed by the time it reaches its “safe following distance”
(safe following distance will be further described in subsequent text). The “Unconscious
reaction” represents the AX and AV range of the lagging vehicle in car-following. The
underlying assumption is that the lagging vehicle does not perfectly match the speed of the
leading vehicle. The lagging vehicle will tend to decelerate and accelerate within a few
mile-per-hour range of the leading vehicle, resulting in varying of the following distance
and speed. The “Conscious deceleration” zone is where the lagging vehicle’s distance to
the leading vehicle is less than the desired safety distance, thus the lagging vehicle will
more aggressively brake to achieve a safe following distance.

Figure 1 includes an example (AX, AV) path for a lagging vehicle, labeled “Approach of
faster vehicle.” In the example the lagging vehicle initially has a speed greater than the
leading vehicle. This may be a result of the lagging vehicle having a higher desired speed
than the leading vehicle, or the leading vehicle itself being behind another slower vehicle.



While at sufficiently large AX and AV values, the lagging vehicle remains in the “Free
driving” zone traveling at its desired speed, uninfluenced by the leading vehicle.
Eventually, the AX will sufficiently reduce such the lagging vehicle will enter the
“Conscious reaction” zone. In this zone the lagging vehicle will begin to slow, which is
represented by the reducing AV. Finally, the lagging vehicle enters car following with AX
and AV varying over a small interval. This can be seen by the repeating circle in the
“Unconscious reaction” zone.

Wiedmann 99 Parameters
A simulation modeler may ask the question: How does the Action Point model relate to the
model calibration and traffic flow performance? The short answer, the size and location of
the zones as seen in Figure 1 are dictated by the car following parameters. Consider the
Wiedemann 99 car following CC parameters, seen in Figure 2. (A more detailed discussion
is provided in Module 7 on the CC parameters.)

This discussion will focus on CC1, CC2, CC4 and CC5. Based on model testing as part of
this effort and review of the literature it was determined that the remaining parameters had
minimal impact on the model execution and are unlikely to be changed during calibration,
except under very specific conditions. One parameter often considered in the literature is
CCO0, the standstill distance. However, the effect is minimal compared to CC2, thus the
focus is placed on CC2 in this effort. In addition, CCO may be field measured in stopped
traffic. Where there is a desire to calibrate CCO it should be field measured, and that field-
observed value used. This should be done prior to the calibration of other parameters.



Parameters
CCo

cc

ccz2

cCc3

CcC4

CC5

CCo

ccr

ccs

ccs

Unit

m

1{m = 5)

Description

Standstill distance: The desired standstill distance between two vehicles. No
stochastic variation.

You can define the behavior upstream of static obstacles via the attribute
Standstill distance in front of static obstacles (see “Editing the driving
behavior parameter Following behavior” on page 318).

Gap time distribution: Time distribution from which the gap time in seconds is
drawn which a driver wants to maintain in addition to the standstill distance.

At a speed vthe desired safety distance is computed as:
cir:qfé =CC0+ CCl =¥
At high volumes this distribution is the dominant factor for the capacity.

'Following" distance oscillation: Maximum additional distance beyond the
desired safety distance accepted by a driver following ancther vehicle before
intentionally moving closer.

If this value is setto e.g. 10 m, the distance oscillates between:

dgap und dxgge + 10 m

The default value is 4.0m which resulis in a quite stable following behavior.

Threshold for entering ‘BrakeBX': Time in seconds before reaching the
maximum safety distance (assuming constant speed) to a leading slower
vehicle at the beginning of the deceleration process (negative value).

Negative speed difference: Lower threshold for relative speed compared to
slower leading vehicle during the following process (negative value).

Lower absolute values result in adopting a speed more similar to the leading
vehicle.

Positive speed difference: Relative spead limit compared to faster leading
vehicle during the following process (positive value).

Recommended value: Absolute value of CC4

Megative values result in adopting a deceleration speed more similar to the
leading vehicle.

Distance impact on oscillation: Impact of distance on limits of relative speed
dunng following process:

+ Walue 0: Distance has no impact on limits.
+ Larger values: Limits increase with increasing distance.

Oscillation acceleration: Acceleration oscillation during the following
process.

Acceleration from standstill: Acceleration when starting from standstill. Is
limited by the desired and maximum acceleration functions assigned to the
vehicle type.

Acceleration at 80 km/h: Acceleration at 80 km/h is limited by the desired and
maximum acceleration functions assigned to the vehicle type.

Figure 2. Table. Wiedemann 99 model parameters and

definitions. Source: (PTV_AG, 2024)



Wiedemann 99 Parameter: CC1

First examining CC1, the gap time distribution, as this parameter is known to have the most
significant impact on capacity, particularly at higher speeds (PTV_AG, 2024). (May, 1990)
CCl1 directly influences the desired safety distance, which is the minimum distance a
vehicle will seek to maintain behind its leading vehicle.

desired safety distance = CC0O + CCI *v [1]

where: CCO is Standstill Distance

CC1 is Gap Time Distribution

v is lagging vehicle speed
From Equation 1 it is seen that with increasing CC1 the desired safety distance will
increase. As desired safety distance increases the density of vehicles in car following
decreases and thus the capacity or total possible flow decreases. While an over-
simplification, for visualization the reader may consider a platoon of vehicles traveling
down a roadway. Increasing the CC1 parameter will increase the headway between
vehicles and the total space on the roadway occupied by the platoon.

Car-following Behavior

To explore the impact of the CC parameters on car-following behavior a simple single lane
model was developed, where a vehicle with a 70-mph desired speed is followed by vehicles
with a 75-mph desired speed, forcing car-following. Figure 3a, Figure 3b, and Figure 3c
represent the (AX, AV) path for the 75-mph desired speed vehicle immediately following
the 70-mph vehicle, under three different conditions. The vehicle modeled in Figure 3a has
a CC1 of 0.5, Figure 3b has a CC1 of 13.12 (default), and Figure 3c has a CC1 of 19.68.
All other parameters are set at the default values.

Two trends may be witnessed in Figure 3. First, is that with increasing CC1 the speed range
of the following vehicle increases, i.e., the circulating plot is wider along the x-axis.
Second, with increasing CCl1, the values of AX increase, i.e., the median value on the y-
axis increases. Consider, at CC1 values of 0.5, 0.9, and 1.5 the median AX values are
approximately 74 ft, 112 ft, and 175ft and thus increasing CC1 has a dramatic effect on
vehicle spacing within platoons.

Next, consider additional vehicles in the platoon. In Figure 4, for the default VISSIM
parameter set (i.e., CC1 = 0.9) the progression of vehicle car following behavior for the 2"
(immediate follower of the lead vehicle), 3, 4% 5% 61 and 7" vehicles in the platoon is
seen. While each subsequent vehicle has a similar median AX, the range of AX and AV
values increases. This increasing variability in the platoon results in each added vehicle
reducing the platoon density. This would indicate lower capacities than that implied by the
more stable spacing of the 1% and 2™ vehicle in the platoon. Similar trends are seen with



the CC1 values of 0.5 (Figure 5) and 1.5 (Figure 6). However, for CC1 of 0.5 the increasing
instability in the platoon is more muted.

Spacing (ft)

Speed Difference (mph)
(a) Wiedemann 99 CC1 of 0.5, all other parameter default

—

Spacing (ft)

Speed Difference (mph)
(b) Wiedemann 99 CC1 of 0.9 (default), all other parameter default

—

Spacing (ft)

Speed Difference (mph)
(c) Wiedemann 99 CC1 of 1.5, all other parameter default

Figure 3. Graph. Influence of CC1 on lagging vehicle car following behavior.
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Figure 4. Graph. (AX, AV) behavior by vehicle platoon position for default VISSIM
Wiedemann 99 parameters (i.e., CC1 =0.9). AX and AV plot ranges of (-6.0, 6.0) and
(50, 200), respectively.
S
g
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Figure 5. Graph. (AX, AV) behavior by vehicle platoon position for Wiedemann 99
parameter CC1 = 0.5, other parameters at default. AX and AV plot ranges of (-6.0, 6.0)
and (50, 200), respectively.
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Spacing (ft)
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Speed Difference (mph)
(d) 5" vehicle (e) 6 vehicle (f) 7™ vehicle

Figure 6. Graph. (AX, AV) behavior by vehicle platoon position for VISSIM®

Wiedemann 99 parameter CC1 = 1.5, other parameters at default. AX and AV plot ranges

of (-6.0, 6.0) and (50, 200), respectively.

From these observations it becomes apparent that determining the capacity associated with
a given parameter set is not a simple question of applying the safety distance as would be
calculated using the CCO and CC1 values (even when accounting for variability due to
CC2, which will be discussed subsequently). The interaction effect among the vehicles
when in a platoon reduces the platoon density, thereby reducing capacity. Additionally, the
remaining CC parameters can influence this interaction between vehicles. Thus, parameter
calibration cannot realistically be accomplished through application of the Wiedemann
equations, rather an empirical study of reasonable CC parameters for the model under
consideration is required.

Speed-Flow Performance

A primary method to accomplish such a calibration is using speed-flow diagrams. For the
examples in this section of the Appendix a four-lane section of a freeway simulation was
utilized, with the right most lane exiting, see Figure 7. The exiting lane was included to
allow wvarious overcapacity conditions to be simulated as this cannot be easily
accomplished otherwise due to the impact of the vehicle entry model on the simulation.
Traffic volumes were increased from under capacity to overcapacity, then return to under
capacity, allowing for a full range of demands through the section. Additionally, data is
collected on the mainline lanes at the diverge point. Figure 8 displays speed flow data for
CCl values of 0.5 (green), 0.9 (blue), and 1.5 (pink), with all other CC parameters at default
values and the desired speed set to the default 70 mph distribution. Each point represents
a one-minute interval.
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Figure 8. Graph. Speed Flow Diagram, Green CC1 = 0.5, Blue CC1 =0.9, Pink CC1 =
L.5.

The speed flow diagrams match those expected from typical car-following behavior. It
is seen that the CC1 of 0.5 has the highest flow values, followed by the CC1 0f 0.9, and
CC1 of 1.5. It is also seen that a linear increase in CC1 does not result in a linear
increase in flow (i.e., doubling CC1 does not double the maximum flows processed.)
Additionally, if all vehicles were in car following and spacing was determined based
on the desired speed equation, higher flows would be expected at capacity. However,
there are a number of factors that contribute to capacities lower than might be expected
based on the desired speed equation, such as platoons becoming less dense as additional
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vehicles are added, interactions with the other CC1 parameters, etc. However, a
significant issue exists that at first may appear non-intuitive. While it would be
understandable to expect that most vehicles are in car following when traffic flows
reach high values (i.e., approach capacity, lowest vehicle-to-vehicle spacing), in the
Action-Point approach of PTV-VISSIM® this is not a correct interpretation. Car
following is limited to vehicles with spacings near the safe-following distance, which
is a function of CC0, CC1, and CC2 (see Car Following Intuition below for example
spacing calculation). However, when considering the fluctuation of traffic within
platoons and the discretionary lane changing occurring as vehicles change lanes in an
attempt to achieve their desired speed, many vehicles are not in car-following, but
rather free, approaching, or braking, even during the most congested flow periods. For
example, Figure 9 shows the percentage of vehicles considered in car following in the
Action Point car following model for the freeway scenario with all parameters set at
default (i.e., the blue data in Figure 8). Capacity conditions occur at approximately the
midpoint along the x-axis. It is seen the under heavy traffic approximately 8 percent to
13 percent of vehicles are categorized as in car following mode. Thus, while the
Wiedemann parameters provide a strong influence over the traffic flow behavior, the
underlying action point model form creates significant interaction between states, even
in high volume situations where a modeler might expect most vehicles to be in car
following. Again, it is seen that calibration must be an empirical process.

Percent Following

Time
Figure 9. Graph. Percentage of vehicles in car following at respective simulation times.
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/ Helpful Hints \
Car Following Intuition in VISSIM

Consider a vehicle traveling a 70 mph. The maximum distance that vehicle
could be from a downstream vehicle and still be considered in car-following
(under the VISSIM Action Point definition) is:

CCO + CCl*v +CC2

Using a 70-mph speed and the default CC values this would be 4.92 +
0.9%70*%1.47 + 13.12, or 111 ft. For context, at 70 mph this would be 1.1
seconds or less, or less than three skip lines, from the leading vehicle. This does
not necessarily imply the lagging vehicle is uninfluenced by the downstream
vehicle at spacings greater than 1.1 seconds, as it may be braking in the
“approaching” zone. If in “free” it will likely be accelerating, seeking to reach

its desired speed. Clearly, the vehicle behavior is not solely governed by the
wdmann parameters. /

Wiedemann 99 Parameter;: CC2

The next parameter considered is CC2, Following distance oscillation. This parameter
directly influences the range over which a vehicle will remain in car following, with the
AX ranging from desired safety distance to desired safety distance + CC2. In Figure 10,
increasing CC2 would be associated with an increasing AX range in the unconscious
reaction zone. Intuitively, increasing CC2 should have the effect of increasing the median
headway within a platoon, as the range of car-following headways increases with
increasing CC2. This would result in lower capacities at higher CC2 values. Figure 10
demonstrates this behavior. Using the same model discussed in the CC1 section above, the
(AX, AV) car following path for the second vehicle in the platoon (i.e., the vehicle
following the platoon leader) is shown for CC2 values or 6.56, 13.12 (VISSIM® default),
and 19.68. As expected, an increase is seen in the range of AX values as CC2 increases.
However, Figures Figure 11, Figure 12, and Figure 13 show the following behavior for the
2nd 3rd gth 5th gth and 71 vehicle in the queue, for CC2 values of 6.56, 13.12, and 16.68,
respectively.
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Figure 10. Graph. Second platoon vehicle in car following.
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Figure 11. Graph. (AX, AV) car following path for the 2", 3™, 4" 5% and 6™ vehicle in
the platoon for CC2 of 6.56, all other CC parameters at default.
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Figure 12. Graph. (AX, AV) car following path for the 2nd, 3rd, 4th, 5th, and 6th vehicle
in the platoon for CC2 of 13.12, all other CC parameters at default.

16



Spacing (ft)

Spacing (ft)

Speed Difference (mph)

(a) 21 (b) 31 (c) 4th
Speed Difference (mph)

(d)sth (e) 6th (C) 7th

Figure 13. Graph. (AX, AV) car following path for the 2nd, 3rd, 4th, 5th, and 6th vehicle

in the platoon for CC2 of 19.68, all other CC parameters at default.

As with the CC1 exploration Figure 11, Figure 12, and Figure 13 show that increasing AX,
AV varibility is introduced with increasing position, for all CC2 cases. Thus, again, platoon
density decreases as platoon length increases. This increasing variability mutes the impact
of increasing CC2, with similar (AX, AV) behaviors seen among the CC2 values. Figure
14 is the speed flow diagram for the same four lane section of roadway in the CCI
discussion. In this figure, Pink, Blue, and Green are the CC2 values of 6.56, 13.12, and
19.68. As seen, the impact on the speed flow behavior, in terms of capacity, is much more
muted than that seen in CC1. Although interesting, it is seen that decreasing CC2 results
in a higher likelihood traffic slowing, that is, more high flows are found at lower speeds.
This is likely a result of the interaction between Action Point zones, with the smaller CC2
values potentially resulting in a higher likelihood of entering the conscious breaking zone,
resulting in additional deceleration. An interesting outcome of this finding is that where
speed heat maps are used for calibration it may be useful to consider further calibration of
CC2, while the capacity impact is somewhat muted the speed impact may be more
dramatic.
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Figure 14. Graph. Speed flow diagram, four lane section of roadway with lane
departure. CC1 of 0.9 (default), all other parameters except CC2 at default values.
Pink, Red, and Blue are the CC2 values of 6.56, 13.12, and 19.68.

The results presented in detail for CC2 are based on other parameters being at VISSIM
default values. Other parameters sets may give different interactions, with different
behaviors. For example, for a CC1 value of 1.5 and all other parameters at defaults, the
speed flow graphs in Figure 15 are obtained for the four-lane freeway section. In this result
it is seen that the maximum flow processed is relatively consistent between the CC2 values,
with almost no change in capacity. However, again, a higher likelihood of lower speed
values under high flow conditions is seen with lower CC2 values. Recalling the earlier
discussion, this impact of CC2 values is witnessed at the bottleneck. Further downstream
the flows have had an ability to recover, with minimal difference in the speed flow graphs,
see Figure 16. Again, this highlights the importance of location selection for calibration.

For a CCl1 value of 0.5 and all other vehicles at default, a trend of decreasing capacity is
seen with increasing CC2; however, the impact on the presence of lower speeds is more
muted. As with the prior results, the number of observations of lower speeds dissipates
with distance downstream from the bottleneck. These results again demonstrate the
interactions effects of the parameters and the action point car following model. This
highlights the importance of understanding that Wiedemann car following parameters do
not operate in isolation with significant potential for interactive effects.
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Figure 15. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, data at bottleneck. CC1 of 1.5, all other parameters except CC2 at default
values. Red, Pink, and Blue are the CC2 values of 6.56, 13.12, and 19.68.
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Figure 16. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, data downstream of bottleneck. CC1 of 1.5, all other parameters except
CC2 at default values. Red, Pink, and Blue are the CC2 values of 6.56, 13.12, and

19.68.
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Figure 17. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, data at start of bottleneck. CC1 of 0.5, all other parameters at default
values. Blue, Green, and Orange are the CC2 values of 6.56, 13.12, and 19.68.

Wiedemann 99 Parameter: CC4 and CC5

The last parameters to be considered in detail are CC4 and CCS5, negative speed difference
and positive speed difference, respectively. According to the PTV-VISSIM® manual
higher absolute values result in “a more sensitive driver reaction to the acceleration or
deceleration of the preceding vehicle.” In this analysis two levels of (CC4, CCS5) were
considered, (-0.35, 0.35) which is the default, and (-1.05, 1.05). CC4 and CCS5 are held at
the same value based on the recommendation in the literature and in common practice.

In the action point model the effect of the CC4 and CCS5 model is to increase the width for
the conscious following zone, that is, increase the range of following speed of the lagging
vehicle, see Figure 18. While not shown, as the platoon size increases the range in speeds
of the following vehicle increases. Similar to CC1 and CC2, this results in lower density
platoons as the platoon size increases.

When all values are at default, i.e., CCI1 is 0.9 and CC2 is 13.12, the impact of CC4 and
CCS5 is minimal, resulting in a potentially slight shift to lower flows with higher CC4 and
CCS5 values, see Figure 19. This trend remains true for higher CC1 values as well as the
range of CC2 values tested for the CC1 of 0.9 and 1.5, for an example see Figure 21.
However, at lower CC1 values an interaction with CC1 is witnessed, with significantly
lower capacity as CC4 and CCS5 increase, Figure 20. This trend holds for the CC2 levels
tested (i.e., CC2 of 6.56, and 19.68) at CC1 of 0.5.
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Figure 18. Graph. CC4/CCS5 (a) 0.35 and (b) 1.05, all other parameters are set to their
defaults.
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Figure 19. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, bottleneck location. All parameters at default values, CC1 is 0.9, CC2 is
13.12. Blue and Red are the CC4/CC5 values of +/- 0.35 and of +/- 1.05, respectively.
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Figure 20. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, bottleneck location. All parameters at default values, CC1 is 0.5, CC2 is
13.12. Blue and Red are the CC4/CC5 values of +/- 0.35 and of +/- 1.05, respectively.
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Figure 21. Graph. Speed-Flow diagram, four lane section of roadway with lane
departure, bottleneck location. All parameters at default values, CC1 is 1.5, CC2 is
13.12. Blue and Red are the CC4/CC5 values of +/- 0.35 and of +/- 1.05, respectively.

Summary

In summary, several key features have arisen as part of this exploration. First, it is clear that
calibration is an empirical exercise. With the given interactions between CC levels and the
application of the Action Point model, it is not realistic to directly calculate CC values.
Additionally, as seen, the Action Point model does not result in a high percentage of vehicles
in car following (as defined by the desired safety distance), even under congested conditions.
This implies that the acceleration value determination for a given vehicle across all four Action
Point zones significantly influences individual vehicle behavior as well as overall link speed,
flow, and density. As the length of platoon formation increases, the density of the platoons
tends to decrease. Finally, near the default values the interactions tend to be less, as CC
parameters diverge from the defaults increasing interactions may be seen, requiring additional
testing and caution by the modeler.

Calibration Method Guidance

The following provides suggested steps for inclusion in a PTV VISSIM® model calibration.
The intent of these steps is to not to be overly prescriptive. It is recognized that calibration
must be reflective of the model intent, objectives, components, size, etc. Each modeling effort
is unique, and calibration should account for these unique aspects. Additionally, while at a
general level these steps may help inform the calibration of other simulation platforms, they
are tailored to the underlying PTV VISSIM® car-following model and parameter sets. Thus,
transferring this approach to other simulation environments is not straightforward, requiring
significant understanding of the other simulation environment’s car-following and modeling
approach.
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The calibration focuses on the car following model parameters (Wiedemann 74 and
Wiedemann 99), as well as the desired speed distribution. It is assumed that the given model
has undergone a thorough verification check. This includes confirming geometry and signal
settings, placing appropriate reduced speed zones, route placement, fine tuning emergency stop
distance, setting conflict zones, etc. Further discussion may be found in Module 7 and detailed
checklists for potential sources of modeling error may be found in Module 8. These items
must be addressed prior to car following model calibration. Traffic flow parameter
calibration must not be used to address errors in the base model! In many instances it may be
found that car-following parameter calibration is not necessary, with default parameters
providing adequate model performance.

Finally, calibration (as well as all simulation modeling) relies on sound engineering judgement.
Suggested steps in the discussion (or any of the Modules) should not override sound judgment
based on experience. In addition, reviewers with PTV VISSIM® experience models should be
reviewed by individuals with a deep understanding of reasonable and expected traffic flow
behaviors.

General Approach
Key concepts for the suggested calibration steps that will be presented throughout the
following text include:

e (Car following calibration is performed at the link level.

e Evaluation metrics include speed-flow diagrams and headway distribution rather than
travel time and delay, as commonly found in the literature.

e (alibrated parameter sets for critical or typical links may be applied to links throughout
the model.

e (alibration includes setting of the desired speed distribution.

e The method seeks to limit deviations from defaults parameters, focusing calibration on
CC1 and CC2 in most cases.

e The approach is flexible, leveraging expert judgement of model developer and design
team.

e (alibration is an iterative process:
o Check field conditions against selected default values
o Calibrate Desired Speed
o Calibrate CC1
o Calibrate CC2 (as necessary)

Except in limited circumstances addition CC parameter calibration should not be needed.
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Link based calibration

While the entire network is calibrated, in the context of the car-following, calibration
occurs at the point or link level. That is, within PTV VISSIM® the Wiedemann parameters
are assigned according to a given link and may change from link to link. (This is somewhat
simplified, PTV VISSIM® allows calibration per vehicle class, based on leading vehicle,
etc.; however, for this discussion calibration is considered at the link level.) Thus, it is
suggested to focus calibration efforts on critical or typical links, with the determined
parameter sets applied to other similar links throughout the network.

Evaluation metrics

In Module 7 and numerous other documents, the common convention is to utilize travel
time (e.g., 85% of links within some range of the field travel), delay, queue length, or other
metrics (add citations). However, for this calibration, these metrics are considered part of
the verification and validation steps. Such metrics are not utilized for the car following
model calibration, except for final model validation after calibration. Rather, link or point
measures, such as speed-flow diagrams and headway distributions, are used. From a
practical perspective, it is difficult to determine the accuracy of a link level calibration
when considering network wide metrics. Calibration parameter set selection based on
network performance metrics is more likely to become confounded with the many other
model aspects (and is more likely to be subject to model errors), whereas focusing on a
specific link allows for a clearer evaluation of the calibration impact.

Application of critical or typical link car following parameter sets.

A key question is which links should be selected for development of car following
parameter sets. First, the general objective is to have as few calibrated car following
parameter sets as possible, while still providing reasonable model performance. It may be
expected, with some caveats to be discussed, that within a given geographic region or area
that a driver has similar car-following characteristics, when traveling on similar facilities.
Additionally, within a region, similar facilities will encounter similar driving populations.
For example, within Atlanta, drivers on [-85 are similar to those on I-75. Thus, it should
hold that the same car following parameter set can be used across similar links in a network.

The preceding is a generic discussion, arguing for a common set of car following parameter
values throughout a model. In many cases, a single parameter set should be sufficient.
However, situations will arise where additional parameter sets may be needed. For
example, when considering geometry, sharper curvatures can influence car following and
speed behavior. Thus, it may be necessary to develop unique parameters sets where the
geometry has a significant influence on driver behavior. Similarly, when studying barrier
separated HOT facilities or work zones, the barrier separated lane (or narrowed work zone
lanes) may have different car following characteristics than the general-purpose lanes.
Operations during inclement weather, nighttime, etc. may justify individualized parameter
sets, should these conditions be included in the project objectives. Models specific to
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special events (e.g., large sporting events) may require separate calibration as the driving
population is not the typical population for that area. There are numerous other potential
situations where unique calibration sets may be justified. As a rule of thumb, for facilities
with the same speed limit (this assumes desired speed is highly correlated with speed limit),
compare the field data generated speed flow diagrams on different segments, if the
diagrams are similar under similar flow conditions than the same parameter set should be
acceptable. Also, it is critical to consider in project planning that when incorporating
calibration for different underlying conditions, e.g., weather, special event, etc., it is
necessary to have the data applicable to these conditions.

An additional simplification for the following calibration is that a signal parameter set is
developed for a link. This means that all vehicle types will use this calibration. However,
it 1s possible to utilize the given methods and provide a calibration parameter set for
different vehicle types. For example, heavy vehicles may have a different calibration than
passenger cars. While such individual vehicle type calibration may be accomplished it
should generally not be necessary, although it may sometimes be desirable (e.g., along a
long grade or where heavy trucks may have a different speed limit). As long as the ratios
of vehicle types are relatively stable the single calibration should be sufficient. However,
if the simulation objective is to explore specific vehicle type impacts, then vehicle type
classification may prove useful. For instance, exploring the impact of a large increase or
decrease in the heavy vehicle percentage, such as the development of truck only lanes. PTV
VISSIM® will allow even more detailed calibration, where the behavior of a vehicle is a
function of the vehicle it is following. For example, is the car following behavior of a
passenger car following another passenger car different than a passenger car following a
tractor trailer? Often yes, although, this level of detail in the calibration is not typically
necessary, with minimal impact on overall model performance. However, for example,
when considering the impact of connected and autonomous vehicles, such lead-lag vehicle
type pair specific car following calibration may be necessary, as such technologies directly
seek to enable tight platoon and alter underlying car following models.

As stated, the below calibration provides a suggested series of steps for model calibration.
However, as discussed there are many potential situations where additional or a higher
resolution calibration may be justified. Such additional calibration is dependent on the
objectives of the model and the expert judgement of the modeling team.

Link Selection for Calibration

It is critical that the links utilized for calibration are able to receive a full range of demands,
i.e., demands that exceed the capacity of that roadway section. The challenge in selecting
appropriate links is described in Traffic Flow Fundamentals by Adolf May (May, 1990)
and summarized in the following. Consider Figure 22 below from May (May, 1990).
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Figure 22. Graph. Importance of location (Source: (May, 1990), Figure 10.2.).

In Figure 22 a bottleneck is present at location C, where the roadway drops from three lanes
to two lanes. The circles represent a measurement, where for a solid circle the flow is less
than the capacity of the bottleneck (i.e. two lanes) and the hollow circles are flows ranging
from 2 to 2.5 times single lane capacity. The first row of figures is the speed-flow (u, q)
relationship for each segment, the second row is the flow-density (q, k) relationships, and
the third row is the speed-density (u, k) relationships. In the speed-flow figures it is seen
that only at the bottleneck location are flows equal to the section capacity. Thus, this section
may be used to determine a per-lane capacity. In section B, measurements are seen in the
unstable flow regime; however, capacity is never reached. This is because the downstream
bottleneck only processes two lanes of equivalent capacity. This results in a breakdown at
the start of the bottleneck when the demand exceeds two lanes of capacity. The breakdown
spills back through Section B, resulting in unstable flow at low speeds, processing only the
equivalent of two lanes of traffic. Section A never experiences capacity constraints as the
total demand never exceeds 2.5 lanes of capacity and the spillback does not reach this
section. Section D does not experience capacity conditions (or breakdown) as the
bottleneck only allows two lanes of capacity flow to enter the three-lane section. The
second and third rows of figures show the flow-density and speed-density relationships as
well. More detailed discussion may be found in the May text (May, 1990).
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While a relatively simple example, this demonstrates a critical concept. For car following
parameter calibration, where data over the range of flows from low demands to capacity
demands is necessary, the simulation and field data location must be carefully selected. For
instance, if a location in Section D was selected it would not be possible to develop a
parameter set that reflects capacity with any reasonable assurance. Section B would also
fail to reflect capacity, and thus not be appropriate for calibration of parameter sets. A
parameter set developed based on data from these sections may significantly over or
underestimate capacity as capacity was not considered in the calibration. The beginning of
a bottleneck, i.e., start of Section C, will often provide a useful location for calibration.

PTV-VISSIM example for link selection

Figure 23 provides speed-flow data drawn from a developed PTV-VISSIM® simulation.
This example is for a four-lane freeway segment as discussed. An exit ramp location is
modeled with a lane drop at the exit. Vehicles not exiting must merge into the through
lanes, resulting in a bottleneck. Traffic demand gradually increases from below capacity to
above capacity, returning to below capacity, until all congestion clears. Figure 23(a) data
is recorded upstream of the bottleneck while Figure 23(b) data is recorded for the through
lanes at the exit point (i.e., location of the bottleneck). It is seen that the upstream position,
Figure 23(a), does not clearly show the link capacity or full speed flow diagram. In this
section traffic maintains a high speed until the spillback from the bottleneck related
breakdown results in a significant drop in speed. Whereas at the exit location, Figure 23(b),
the speed flow diagram demonstrates a clear indication of the capacity conditions. Figure
23(b) does not contain data in the unstable flow regime as there is no location further
downstream resulting in spillback to the exit location. In this instance, field data from the
bottleneck location should be used to calibrate the model at the exit location. Unless there
is a geometric or other reason to expect different car following behavior at the upstream
location the same parameter set would be used.

Speed (mph)

Flow (veh/hr/ln) " Flow (veh/hr/In)

(a) (b)
Figure 23. Graph. Speed flow: (a) upstream of exit bottleneck, (b) at exit bottleneck.
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Helpful Hints

As discussed, the calibration will occur at a link level. For large
models with long run times it may prove efficient to break out a
small section of the model with the critical links for calibration,
or not load portions of the model with traffic. While the full,
loaded model may be utilized, depending on model size this
could result in excessive time for calibration runs. Once the
calibrated parameter sets have been determined they may be
applied to the full model. Engineering judgement should be
utilized to decide if using only a subsection of the model for
calibration efforts is reasonable, considering in part the time
required to develop the sub network model vs the runtime
required for the potential numerous replications of the full
network as part of the calibration process.

Demand volume considerations

For the Wiedemann 99 calibration this procedure recommends considering at least two
scenarios as part of a full calibration process. The first is for the time period under
consideration. For instance, during the PM peak with the field measured traffic demands
(see time period discussion). For this scenario field data is used for the existing time period
of interest and the simulation is developed for the equivalent time period (accounting for
warm-up time, etc., as discussed in Module 7).

The second scenario of the model is to ensure that a range of demands are captured, from
low flow to demand in excess of capacity. This scenario it used to ensure the overall speed-
flow relationship is reasonable. For the field, this data is ideally obtained for the location
of interest over an extended period, on the order of multiple days or months. It is important
that these data capture a range of flow from stable flow through capacity conditions. Where
such data are not available the simulation team may seek data for a site with expected
similar performance or find other means to estimate a reasonable speed flow diagram. For
example, Figure 24 is the speed data for two months of data from the GDOT VDS system
at a site on 1-85 before Pleasantdale Road.
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Figure 24. Graph. Speed flow diagram for two months of data at I-85 before Pleasantdale
Rd.

To obtain the data for a similar speed-flow diagram in VISSIM®, scenario demands may
be placed similar to those seen in Figure 25. The volume (i.e., demand) is increased from
a low value until the demand exceeds capacity, then the demand is dropped to the original
low value. The simulation should be run until the congestion clears. By covering the range
of demands the speed-flow relationship for the link may be determined. As an important
caution, Figure 25 is for the demand on the link being calibrated, not necessarily the overall
model. Where the full model is being utilized for calibration the model developer will need
to ensure that the desired flows are able to reach the link under consideration. The images
in Figure 23 utilized a demand scenario similar to that in Figure 25.
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Figure 25. Graph. Demand vs Simulation Time for Car Following Model Calibration.
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Existing Scenario Clarification

In the time period discussion, the PM peak was mentioned as an example. Other time
periods, e.g., PM, noon, off-peak, etc. can be used as well. It is recommended for model
calibration to use a time period with heavy traffic, although not in breakdown throughout
the model period. Breakdown conditions are considered in the second scenario where a
much longer timeframe is considered, as well as in potential subsequent checks of the
overall model. Also, while the developed calibration set should be tested across all time
periods of interest, it is typically not recommended to develop time period specific
parameter sets. This is likely over specifying the model parameters. A challenge of using
different parameter sets for different time periods is that significant uncertainty exists when
determining the appropriate parameter set for build or future conditions. It is best to select
a parameter set that is robust across time periods, although may not be optimal in any
individual case.

Example calibration steps - Wiedemann 99
The calibration steps discussed are intended to be straightforward, without relying on any
“black box” algorithms. The steps are to: 1) Check the results of the default parameter set
versus the field observation, 2) Calibrate the Desired Speed distribution, 3) Calibrate the
CC1 parameter, and 4) Calibrate CC2 (only if needed). In most circumstances additional
CC parameter calibration should not be necessary.

To calibrate the car following models it is necessary to have the appropriate data. As
discussed, for the approach described here, it is assumed that speed, flow, and headway
distribution data are available. Depending on the data source, vehicle speed and flow data
may be available in various forms. For this example, the initial data source was two hours
of video recording during the afternoon peak for I-85 S before Buffington Rd at MM 67.6,
with flow levels generally between 1400 and 1800 veh/h/In. This freeway segment has 4
lanes in the direction of travel considered, and a posted speed limit of 65. These video data
were processed using the Data-from-the-Sky™ application, allowing for the generation of
trajectory data for all vehicles through the video zone. Other commercial video processing
services are also available as well as from a range of both proprietary and open-source
software.

From these trajectory data individual vehicle headways and speed distributions were
obtained for a screen line across the roadway. Additionally, speed flow data in 1-, 5-, 15-,
and 30-minute bins were processed for the same screen line. The second data set used here
was speed - flow data from the GDOT VDS system over a several month period. These
data were obtained as 30 second bins and thus individual vehicle speeds and headways
were not available from these data.
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Step 1 — Default Parameters and Desired Speed Distribution

Prior to any calibration, it is first necessary to determine how well the verified model with
default parameters reflects the field observations. As stated, it is recommended to consider
the speed-flow relationship, headways distribution, and speed distribution. Data collection
points will need to be placed at the appropriate location in your model to collect the model
results. Guidance on how to set up data collection points may be found in Module 6. To
obtain this data run the model, model run parameters are shown in Figure 26. In this
example, results from ten replicate runs were aggregated and averaged. While ten replicates
will typically prove to be sufficient, additional detail on replicate trials may be found in
Module 7.

When running this initial scenario, there are two result files that should be examined for
each run:

e Data Collection Point (DCP) files, which can be found under the “Direct Output” tab
of the Evaluation Configuration pane (Figure 27)

e Data Collection Results (DCR) files, which can be saved from the Data Collection
Results pane (accessible through Evaluation -> Result Lists -> Data Collection Results
(Figure 28)

/ Helpful Hints \

It is vital for a clear data management system to be in place, as all
files will be output to the same evaluation output directory
(specified at the top of Figure 2). As many sets of replicate runs
may be performed during the calibration process, if the output is
not filed correctly, it will become difficult to differentiate which
files belong to which set of runs. For this reason, it is highly
recommended that a file management protocol/standard be

\ developed before calibration begins. /
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Figure 26. Image. Simulation Parameters for Default Runs.
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Figure 27. Image” Data Collection Point files.
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Figure 28. Image. Data Collection Results list, notice that the autosave function should be

toggled and the summary statistics not selected).
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Using the DCP files, plot the CDF (Cumulative Distribution Function) plots of the
headways across all lanes. Overlay this plot with the field-collected data. Figure 29 is an
example plot containing the field and simulated data, with all default CC parameter settings
in the simulation. When processing the simulated data, filter the DCP files according to
t(Entry) (or t(Exit)). This will ensure that the simulated headways are front-to-front (see
caution below). As seen in Figure 29, with the default parameters there are differences in
the headway distribution, particularly at the lower headway values, under two seconds
duration.

Caution: Be sure the vehicle data collection method from the field and your PTV-
VISSIM® model match. That is, make sure you are measuring from the same points
on the vehicles in both the field and simulated data. For example, from the front of
lagging vehicle to the front of leading vehicle OR from the front of lagging vehicle to
the back of the leading vehicle. If the points of vehicle measurement are not the same
in both the field and simulation the calibrated headways will be either long or short,
depending on the error type.

Similarly, from the DCP files the simulated speed distribution can be extracted and plotted
alongside the CDF of the field speeds and the desired speed distribution (Figure 30). The
default speed distribution utilized was 65 mph, as this was reflective of the speed limit,
which is typically utilized. In this example, the use of default distributions for a specific
speed limit is not reflective of field conditions, as can be clearly seen in the difference
between the blue and red lines in Figure 30.
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Headway (s)
Figure 29. Graph. Field (red) vs simulated (blue) headway Cumulative Distribution
Functions (CDFs).
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Figure 30. Graph. Desired Speed Distribution Calibration. Simulated speed distribution is
in blue, default desired speed distribution is green, and field data are in red.

The Speed — Flow diagram can be obtained through the DCR files, as shown in Figure 31.
This plot helps to visualize the differences between the field collected data and the
simulated results. As seen, even within this relatively small range of field data the
simulation does not match the field observations. The more complete speed-flow diagram
will be discussed after calibration of the desired speed distribution.

N
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Flow (veh/ht/In)
Figure 31. Graph. Speed Flow Diagram.

From this brief overview and through a rapid analysis of the three plots shown above, it is
clear that a calibration of multiple model parameters is needed to achieve a reasonable

simulation of field conditions.

35



Step 2: Desired Speed Distribution Calibration
The second step is the calibration of the desired speed distribution. The following
procedure is recommended:

1. Take a reasonable sample of field data (e.g., 1 hour), at a medium/high flow rate
(1500-1800 veh/h/In), if available. “Reasonable sample” is left for some
interpretation and understood to often be constrained by data availability; however,
for a distribution estimation at least several hundred individual speed data points
should be included. Speed data should also be representative of speed occurrence,
that is, caution should be exercised to avoid a sampling method that is biased to
high or low speeds. Data should also be held in reserve for validation. Generally,
at least 20% of the data. In this example speed calibration is based on one hour of
observations, with one hour of data held for validation of the desired speed
distribution.

2. Fit a CDF distribution to the measured field speeds. This can be a relatively simple
distribution, consisting of linear segments. Such a distribution is relatively simple
to enter in PTV-VISSIM® (see Figure 32). As discussed, while traffic is heavy it
should not be in breakdown, with most measured speeds under stable conditions
(i.e., the top half of the speed-flow diagram). As seen in Figure 32, the first attempt
at a calibration of the desired speed distribution involved a three-segment fit for the
example data. (In the following test it will be discussed why the desired speed
distribution is not being set according to very light or “free flow” traffic conditions.)

3. Run the simulation with the field volumes, vehicle compositions and desired speed
distribution from Step 2.

4. Conduct ten or more replicate runs of the model.

5. Shift the desired speed by some small percentage, keeping the minimum speed

fixed to the observed low value.

Iterate Step 5 until the simulated speeds sufficiently match the field observations.

o

These steps assume a general understanding of sampling statics and distribution fitting that
is beyond the scope of this document. If the modeler is not comfortable with the concepts,
they are encouraged to review some of the many available texts or online resources.

The resulting simulated speeds (plotted alongside the field-collected and the desired speed
distributions) after Step 4 can be seen in Figure 33. The simulated data is labeled “0.9,
13.12”, which are the default CC1 and CC2 parameters. It is seen that when the entered
desired speed distribution matches the field, the simulation results in speeds lower than the
field measured. Why? This is due to a significant subset of vehicles likely in car-following
(or other Action Point model states) and thus unable to travel at their desired speed.

However, the objective of setting the desired speed distribution is that when the model is
run the simulated speeds match the field observations. Thus, slightly shift the desired speed
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distribution and rerun the model. The results of shifting by 10 % (shift applied in Step 5)
may be seen in Figure 33. While this is likely sufficient, in the example a few additional
small “tweaks” to the desired speed distribution were made, resulting in the results shown
in Figure 34 and Figure 35.

In summary, the process is to start with a desired speed distribution based on the measured
field data. Then iteratively adjust the desired speed distribution until the simulated speeds
match the field. A reasonable question is why not measure the desired speed distribution
when the traffic volume is very low and most vehicles would be traveling at their “desired
speed”. The underlying reason for not doing this is that the desired speed has significant
interaction with the car following CC parameters and the PTV VISSIM® Action Point
model. In addition, in the field, drivers do not necessarily have a fixed desired speed, with
the speed selected (i.e., “desired”) changing with conditions. For example, a driver having
a “free flow” speed of 70 mph when there are no other cars on the road does not mean that
the driver will aggressively seek 70 mph in dense traffic. They may be content to stay in a
platoon traveling at 67 mph rather than seek lane changes, or they may choose to maintain
pace with a platoon traveling at 72 mph. While this is a notional example, the intent is to
highlight that “desired speed” and “free flow speed” are not interchangeable terms when
considering the interaction with the car following model. Further, drivers do not likely have
a fixed desired speed, but rather an adaptive desired speed that changes with conditions.
Thus, it is recommended to set the desired speed distribution such the simulated speeds
reflects actual field conditions for demands approaching, but prior to reaching capacity and
breakdown. This likely means the desired speed distribution may be slightly shifted from
actual in low volume conditions; however, this is a result of it not being possible to set a
single desired speed that fits all demands. The recommendation for this calibration
procedure is to fit the most critical demands for the model.
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Figure 32. Graph. Version 1 of calibrated desired speed distribution.
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Figure 33. Graph. Plot of the speed distribution (simulated in blue, field-

collected in red, desired in green).
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Figure 34. Graph. Second iteration of desired speed distribution calibration.
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Figure 35. Graph. Final iteration ot desired speed distribution calibration.

The calibration of the desired speed distribution has little to no effect on the platooning
behavior, as can be seen in Figure 36, the headway distribution with the final desired speed
distribution. Though the error at the top end of the distribution (> 0.9 probability) has
decreased, there is still a significant gap between field and simulated headways for < 0.2

probability (i.e., platooning vehicles).
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Figure 36. Graph. Headway CDF after Desired Speed Distribution calibration.

The change in desired speed distribution has, however, had the desired effect on the speed
— flow diagram for the measured PM peak, as can be seen in Figure 37: by increasing both
the desired speeds and, as a consequence, the simulated speeds of all vehicle, the speed —
flow diagram of the simulated speeds now matches the field data reasonably well.
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Figure 37. Graph. Speed - Flow diagram atter desired speed distribution calibration.

Step 3: CC1 Parameter Editing for Platoon Calibration

The next step in the process, after desired speed distribution calibration, is the calibration
of the car following model parameters. Extensive testing was conducted on different
geometrical and functional types of facilities: all CC parameters were analyzed and varied
to understand their effects on car following behavior. As a result of this analysis and
findings from the literature, a few key results were found:
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e Only a small subset of CC parameters has a clear and measurable effects on both
microscopic (individual-vehicle car following) and macroscopic (overall flow and

density) traffic characteristics.

e CC parameter editing should only be carried out if necessary, and any changes to the

parameters should be well documented.
e Changes to CC parameters should be minimal, and modelers should avoid large

departures from the default values to avoid introducing instability into the model.

Overall, the parameter whose adjustment was shown to be most impactful and relevant to
both individual-vehicle and overall flow behavior was CC1 (Gap Time Distribution),
whose default setting is shown in Figure 38. VISSIM’s default Gap Time Distribution is a
normal distribution (1 = 0.9; 0 = 0), which means all vehicle have the same CCl, i.e.,
0.9. However, for calibration purposes it is recommended to define an empirical
distribution in the “Time Distribution” pane and assign it to the Driving Behavior used in
the model. This allows for more control and flexibility during the calibration process.

B Time Distribution 2 X
Number: Type: Normal ~
Average: 0905
gaq
=
=1
5
=2
]
T
H
=
s
H
H
S
Time (s}

Figure 38. Image. CC1 (Gap Time Distribution) default distribution. (x = 0.9; 0 = 0).

At a microscopic level, the constant value of CC1 is the main driver of the difference in
platooning behavior observed in Figure 36. At a macroscopic level, CC1 was found to have
a clear effect on capacity and breakdown behavior (this will be explored in Step 3). As seen
in Figure 36, from a probability of approximately 0.05 to 0.3, the spacing is on the order
of 1 second. This is slightly higher than the CC1 value of 0.9, due to CC0O and CC2. This
implies that for this demand, approximately 25% of the vehicles are in car-following
(platooned) as defined in the Action Point model (Figure 1). These vehicles are following
their respective lead vehicles at their desired safety distance.
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The vehicles with spacing under one second covers a range of conditions, such as vehicles
temporarily violating the desired safety distance or in lane changing, or an error in the
automated video data collection (for example, a vehicle pulling a trailer being identified as
two vehicles with a less than 0.1 second headway). However, many of the measured lower
field headways were correct. A detailed visual review of hundreds of the field data
measurements was performed, using the skip lines for distance approximation. Vehicles
were observed with 0.3 second and higher spacing. A majority of the field measured
headways under one second appear to be correct. However, other vehicles do clearly
maintain higher headways. Thus, it was deemed that rather than a fixed CCI1 value a
distribution of values should be used.

Within the “Time Distributions” pane, a new Time Distribution can be created and assigned
either a Normal or an Empirical type distribution. Based on the field observations
conducted, a subset of highly-aggressive drivers (i.e., drivers willing to follow preceding
vehicles at time headways of around 0.5 seconds) were observed. To better match these
very low headways observed in the field, the shape of the CC1 distribution should be edited
accordingly, by introducing a percentage of drivers with a very low CC1 values.

B Time Distribution ? X

Number: Type:  Empirical ~
Name: 3 Segment CC1|Shape

Time

Baq
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Time (s}

Figure 39. Image. CCl1 editing example.

The recommended CC1 calibration involves iterative parameter editing, model running,
and plotting of headway distributions to achieve a good fit at the low end of the headway
CDF, as shown in Figure 40. For the freeway field data in this example the lowest CC1
value was set at 0.3 seconds at 33%, 0.9 seconds at 90% and 1.5 seconds at 100% (Figure
39). The main objective in this phase of the calibration is to match the shape of the curve
at the “bottom” of the CDF, seeking to better capture the observed platooning behavior,
while still maintaining a distribution of longer headways.
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The calibration of platooning behavior achieved in this step can be verified at a microscopic
level using the proposed comparison to the headway distribution. When traffic flow
conditions are below capacity, only a small portion of vehicles are in car following and
subject to the calibration of CC parameters, thus the focus in this step on the lower portion
of the Headway CDF (headways under approximately 1.5 seconds). Higher headway
values are associated with vehicles which are not in car following.

Probability

“ Headway (s)
Figure 40. Graph. Headway CDF for field data (red) and simulated data with calibrated
CC1 empirical distribution (blue).

It is readily recognized that the sample calibration demonstrated is for an urban area
(Atlanta) with what may be termed “aggressive” driving behaviors. Similar low headways
may not be seen in other areas. This calibration should be completed for each area,
reflecting the local driving population.

Step 4: Speed — Flow Diagram Calibration

In this step of the calibration, the focus is shifted to a more macroscopic perspective, for
the given link. Though the parameter editing still affects vehicle-to-vehicle behavior, the
effects of these changes are measured (and calibration is performed) at a macroscopic level,
which involves a higher degree of data aggregation. Binning speed (averaged across each
bin) and flow values (to obtain flow rates) into 1- or 5-minute intervals yields speed — flow
diagrams such as that shown in Figure 41. These point clouds are based on the modified
CC1 parameter with the calibrated desired speed. For this experiment all CC1 distributions
have a lowest value of 0.4 and a highest value of 1.9. The selection of the minimum value
endpoint is based on matching the lower values headways distribution as described
previously and the higher value is based on a reasonable maximum for car following. The
midpoint values are set at 0.5, 0.7, or 0.9. As the midpoint value increases the percentage
of lower CC1 values increases and the capacity should increase (i.e., the maximum
observed points in the speed flow diagram shift to the higher flow values.). As seen in
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Figure 41, these minor adjustments in the midpoint of the distribution allow slight shifting
of the speed flow diagram, from lower to higher values. For more significant shifts in the
speed flow diagram the end points would also need to be adjusted. However, if desired
speed distribution and headway distribution in the prior steps have been reasonably
matched, significant edits to the CC1 distribution should not be required. Additionally, as
seen earlier, smaller shifts in the speed flow diagram may be achieved by editing CC2.
However, it is recommended to first finalize CC1, then move on to CC2 edits, only if
necessary.

The selection of the final CC1 parameter set should be based on comparison with extensive
field speed-flow data. Where such field data are unavailable, selection will need to be based
on data from similar sites or expert experience on the expected behavior for the area. If at
all possible, it is critical that field data be obtained for the given model. As seen, within
much of the stable flow regime, the operations are robust to the parameter CC selection.
That is, for demands under capacity the CC parameters do not have significant influence
over the model. However, as the demands increase, capacity and breakdown are both
highly influenced by the CC parameter selection. Thus, calibration for these conditions will
be critical, particularly when existing conditions may not reach capacity but future or build
conditions have the potential for capacity demands.
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Speed (mph)

Flow (veh/hr/In)
(a) CCl1 Dist: 0.4 seconds @ .33%, 0.9 seconds @ 50%, 1.5 seconds @ 100%

Speed (mph)

Flow (Veh/hr/ln)
(b) CC1 Dist: 0.4 seconds @ .33%, 0.9 seconds @ 50%, 1.5 seconds @ 100%

Speed (mph)

Flow (veh/hr/In)
(c) CCl1 Dist: 0.4 seconds @ .33%, 0.9 seconds @ 50%, 1.5 seconds @ 100%

Figure 41. Graph. Speed flow distribution, with adjusted desired speed distribution, for three
CCl1 distributions.
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Step 5: Check Desired Speed Distribution

Once the CC parameters have been calibrated, modelers should check the effects that the
parameter calibration has had on the accuracy of the desired speed distribution. For
example, Figure 42 shows how, after an extensive CC calibration process, the desired speed
distribution must be adjusted so as to generate simulated speeds that match field data.
Generally, if changes to CC parameters are minimal (in number and magnitude) then no
significant changes in the simulated speed distribution should be observed, but this step
should always be performed to check.

Probability

Speed (mph)
Figure 42. Graph. Effects of CC parameter calibration on desired speed distribution
accuracy: as a result of changes to CC0, CC1, and CC2 the simulated speeds no longer
match (see blue arrows) the field data.

Step 6: Calibration Validation

After the calibration process is complete, the calibration model should be validated using
the field collected data set aside early in the process. It is important that the data (speeds,
headways, flow rates) reserved for validation be collected in the same manner (and with
the same precision) as the data used during calibration. The calibrated model should thus
be run using the characteristics (traffic volumes, vehicle compositions, etc.) as the
validation dataset and simulated results should lie within the acceptability criteria.
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Summary
In summary, a six-step calibration process is recommended for the Wiedemann 99 model.

Step 1) Check the results of the default parameter set versus the field observation:
Determine if it is necessary to modify the car following parameters based on a
comparison of the model to existing conditions and expected operations under over-
capacity demand.

Step 2) Calibrate the desired speed distribution: Set the underlying desired speed
distribution form to that of the field conditions under moderate to high flow conditions.
Iterate small adjustments to desired speed distribution until simulated conditions match
the field.

Step 3) Calibrate CC1 for field platoon data: Calibration CCI1 to replicate headway
distribution for platooned vehicle.

Step 4) Calibrate Wiedemann parameters to replicate field Speed - Flow diagram:
With a primary focus on CC1 the model should be calibrated to match the expected
speed-flow diagram at bottleneck or critical locations. Additional CC parameters may
be calibrated sequentially; however, this should typically be unnecessary.

Step 5) Verify the desired speed calibration: Confirm and update the calibrated speed
distribution.

Step 6) Validation: Validate the model using the field collected data.

Example calibration steps - Wiedemann 74
Thus far this calibration document has focused on the calibration of the Wiedemann 99
model. With the nine CC parameters Wiedemann 99 is a more complex calibration
compared to Wiedemann 74, which has three parameters. The complete Wiedemann 74
safety distance model, as reported in the VISSIM® manual, is as follows:

d = ax + (bxgq + bXpur - 2) Vv
Where:

ax: is the speed independent parameter, representing the distance between
vehicles while stopped

bxAdd: is the additive part of the safety distance

bxMult: is the multiplicative part of the safety distance
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The calibration follows the same general guidance as the Wiedemann 99 calibration,
begining with a comparison to field conditions, followed by the calibration of the desired
speed distribution, then the calibration for the Wiedemann 74 parameters (ax, bxAdd, and
bxMult), and lastly rechecking the desired speed distribution and model validation.

As with the Wiedemann 99 model the calibration is link based. However, recalling that
Wiedemann 74 is generally utilized for interrupted flow facilities (e.g., arterials,
intersections, etc.) simplifies the task of identifying the calibration location in the model.
For the intersections the critical component relative to the car following parameters is the
distribution of departure headways from the stop. Desired speeds may be calibrated at a
mid-block locations.

Also, as with the Wiedemann 99 procedure, it cannot be overly stated that the model
must be thoroughly checked prior to calibration. Model calibration must not be
utilized to account for errors in signal timings, detector placement, conflict zones, etc.

Step 1 — Default Parameters and Desired Speed Distribution

The first step is to check how well the model with default calibration reflects speeds and
stop bar departure headways. This can be done by running the model for at least one hour
(plus network loading time, see Module 7), for a total of 10 replicate runs, as shown in
Figure 43. Results can then be aggregated and averaged across all 10 hours. (Should the
model not be reaching a steady state during the network loading time see discussion in
Module 7.)
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Comment:

Period: 4500 s| Simulation seconds
Start time: 00:00:00
Start date: | 3/10/2024 G~

Simulation resolution: Time step(s) / simulation second

Random Seed: 663

Number of runs:
Random seed increment: 35

Dynamic assignment volume increment: 0.00 %

Simulation speed: ® Factor:

O Maximum

[ Retrospective synchronization

[ Break at: 0s Simulation seconds

Number of cores: |use all cores ~

Cancel

Figure 43. Image. Simulation Parameters for Default Runs.

When running this initial scenario, there are four result files that should be output for each
run:

e Data Collection Point (DCP) files for the detectors at the stop bar, which can be
found under the “Direct Output” tab of the Evaluation Configuration pane (Figure
44).

e Trajectory files, which can be found under the “Direct Output” tab of the Evaluation
Configuration pane (Figure 44).

e Signal Control Protocol (SCP) files, which can be found under the “Direct Output”
tab of the Evaluation Configuration pane (Figure 44).

e Data Collection Results (DCR) files, which can be saved from the Data Collection
Results pane (accessible through Evaluation -> Result Lists -> Data Collection
Results) (Figure 45).

Additional guidance on data collection may be found in Module 6. Also, as noted
previously, it is critical a clear data management plan be in place.
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Figure 44. Image. Data Collection Point files, Trajectory files and Signal Control

Data Collection Results

Protocol files.

Figure 45. Image. Data Collection Results list, notice that the autosave function should be
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toggled and the summary statistics not selected).

Using the DCP files, plot the CDF (Cumulative Distribution Function) plots of the
headways departing from the stop bar, across all lanes of the movement being calibrated
(though, left, right). Overlay this plot with the field-collected data, ensuring it is properly
filtered to include only records of vehicles present in the queue at the time of green onset
(Figure 46, this effort used data from Peachtree Industrial Boulevard in metro Atlanta Ga
for the example). When processing the simulated data, filter the DCP files according to
t(Entry) (or t(Exit)). This will ensure that the simulated headways are front-to-front (or
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rear-to-rear). Of course, if the available field data is not front-to-front or rear-to-rear, but
rear-to-front this process should be modified, as noted in the Wiedemann 99 discussion.
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Headway (s)
Figure 46. Graph. Field (blue) vs simulated (green) headway Cumulative Distribution
Functions (CDFs).

Similarly, from the DCP files the simulated speed distribution can be extracted and plotted
alongside the CDF of the field speeds at a midblock location. Additionally, the desired
speed distribution should be included in the plot. In selecting a mid-block location seek a
point or time where the downstream intersection queue is not backing up over the mid-
block location and any accelerations have been completed from the upstream intersections.
As with the Wiedemann 99 discussion, the default distribution for a specific speed limit
(examples shown in Figure 47) may not be reflective of field conditions. Generally,
measured speeds are higher than the speed limit and do not follow a linear (or two-segment)
shape. The use of a desired speed distribution that does not conform with the field will lead
to discrepancies between field-collected speeds and simulated speeds along the modeled
corridor. This will impact the accuracy of travel time (and other MoEs) at a corridor level.
For this reason, modelers should generally build a custom desired speed distribution based
on collected field data.
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Figure 47. Image. Default desired speed distributions for 30 mph (left) and 50 mph

(right).

If the given utilized default speed distribution and the default Wiedemann 74 parameters
do not reasonably match the field, calibration should proceed as in the following steps.

Step 2: Desired Speed Distribution Calibration

The component of the calibration is to calibrate desired speed distribution. The procedure
is similar to that for the Wiedemann 99 model and is summarized here (see the Wiedemann
99 discussion for an example execution of the method):

1.

Take a reasonable sample of field data (e.g., 1 hour), holding 20% of the sample
for validation.

Fit a CDF distribution to the measured field speeds.

Run the simulation with the field volumes, vehicle compositions and desired speed
distribution from step 2.

Conduct 10 replicate runs of the model.

Shift the desired speed by some small percentage, keeping the minimum speed
fixed to the observed low value.

Iterate Steps 4 & 5 until the simulated speeds sufficiently match the field

observations.

The calibration of the desired speed distribution has minimal effect on the behavior of the
vehicles at the stop bar at the beginning of the green phase. This is because, when departing
from a standing queue at a traffic signal, most vehicles do not reach their desired speed
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before crossing the stop bar (unless the queue is very long). This can be seen in Figure 48,
where most vehicles that where in queue at the start of the phase green indication (red
points in the Figure 48) reach speeds at the stop bar well below the speed limit (here 40
mph). Thus, for the calibration of the car following parameters using headways at the stop
bar, the influence of the speed limit (and the desired speed distribution) is limited.
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Figure 48. Graph. Simulated speed (mph) and time headway (seconds) of vehicles at stop
bar. Vehicles in queue at the onset of green phase are shown in red, while all other
vehicles are shown in blue.

Step 3: Wiedemann 74 ax parameter calibration

The next step in the process, after desired speed distribution calibration, is the calibration
of the car following model parameters. Extensive testing was conducted to evaluate and
understand the effects of changes to the speed dependent and speed independent
components of the Wiedemann 74 car following model on the headway distribution at the
stop bar. As a result of this analysis, a few key results were found:

e All three model parameters (ax, bxAdd, and bxMult) have a clear, measurable, and
consistent effect on the headway distribution of vehicles in queue at the stop bar.

e The value of ax (the speed independent parameter) influences the width
(Interquartile Range, or IQR) of the headway distribution

e The value of bxAdd and bxMult (the speed dependent components) influence the
headway value of the median of the headway distribution

After having compared the field-collected headway distribution with the uncalibrated
model, modelers should edit the ax parameter following this rule:
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e Anincrease in ax value leads to an increase in the IQR of the headway distribution,
coupled with a slight increase in the median.

e A decrease in ax value leads to a decrease in the IQR of the headway distribution,
coupled with a slight decrease in the median.

This effect can be seen in Figure 48.

Table 1, and Figure 49. Modelers should iteratively vary ax values until the correct shape
of the headway distribution is achieved. The objective in this phase is not necessarily to
match the median value of the simulated headway distribution with the field-collected data,
as that issue is addressed in Step 2.2.
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Figure 49. Graph. Effect of ax on the headway distribution of vehicles in queue at onset
of green, all with default bxAdd and bxMult. Top: probability density function of
headway distributions for 5 different ax values. Bottom: rugplot of headway distributions
for 5 different ax values.

Table 1. Median, first & third quartiles, and IQR for different ax values.

ax Median First Third IQR
Value Quartile Quartile

9.84 2.18 1.84 2.63 0.79
8.2 2.13 1.81 2.56 0.75
6.56 2.06 1.76 2.47 0.71
4.92 2.04 1.76 2.44 0.68
3.28 1.98 1.7 2.35 0.65
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Figure 50. Graph. Simulated headway distribution for varying ax values (bxAdd and
bxMult default).

Step 4: Wiedemann 74 bx parameter calibration
After having calibrated ax, modelers should turn their focus on bx. Recall, the Wiedemann
74 Model is:

d =ax + (bxaqq + bxput - 2) v

Where bxAdd is the additive part of the safety distance and bxMult is the multiplicative
part of the safety distance. As for the effect on the headway distribution, both bxAdd and
bxMult can be modified according to the following rule:

e Anincrease in bxAdd (or bxMult) leads to an increase in the median of the headway
distribution.

e A decrease in bxAdd (or bxMult) leads to a decrease in the median of the headway
distribution.

As seen, the two terms serve to increase headway as speed increases, with headway
increasing with the square root of speed. The bxAdd term’s contribution to headway is
consistent across vehicles, while the introduction of the z term with bxMult introduces
variability in headways maintained by different vehicles at the same speed. Most
recommendations in the literature recommend calibration of bxAdd and bxMult together,
typically fixing bxAdd = bxMult +1. While there is not a strict theoretical justification for
fixing this relationship the presented calibration method in this document maintains this
relationship for simplicity in calibration. However, this is not a hard rule and separate
calibration may be undertaken. For instance, calibration for AV car following behavior
would likely justify separate calibration, with a significant reduction in the bxMult
contribution as reduced variably would be expected. Such independent calibration should
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not be done in a “black box manner as it is easily possible to select differing bxAdd and
bxMult parameter sets that result in very similar headway distributions. Separate
calibration for the two parameters should be supported with field measurement of the
variability in headways at given speeds.

0.5 Legend key:
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Figure 51. Graph. Example bxAdd and bxMult parameter sets with similar headway
distributions.

With this additional constraint, modelers can focus on editing bxAdd, as shown in Figure
52, Table 2, and Figure 53. The modeler should select the bxAdd parameter that best match
the field data distribution. An example of a completed calibration, before fine tuning is
carried out, follows in Figure 52, Figure 53, Figure 54, and Table 2.
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Figure 52. Graph. Effect of bxAdd on the headway distribution of vehicles in queue at
onset of green. Top: prob density function of headway distributions for 5 different bx
values (ax default). Bottom: rugplot of headway distributions for 5 different bx values (ax
default).
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Table 2. Median, first & third quartiles, and IQR for different bxAdd values.

bxAdd Median First Third IQR
Value Quartile Quartile
0.25 2.47 2.16 2.86 0.70
1.13 2.26 1.96 2.65 0.69
2.00 2.06 1.76 2.47 0.71
2.88 1.93 1.63 2.35 0.72
3.75 1.72 1.41 2.16 0.75
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Figure 53. Graph. Simulated headway distribution for varying bx values (ax default).

By applying the procedure described in Steps 2.1 and 2.2, modelers can easily achieve a
better fit to field measured headways, as shown in Figure 54. Depending on the use case,
this level of calibration might meet the modeling needs identified for the project. However,
should a greater accuracy be required, iterative fine tuning of ax and bx parameters is
straightforward, as their effect on the headway distribution is clear.

57



Probability

Headway (s)

Figure 54. Graph. Example of calibrated W74 car following parameters (ax = 9.84,
bxAdd = 1.13, bxMult = 2.13). Improved accuracy can be achieved by fine tuning of
parameters.

Step 5: Check Desired Speed Distribution

Once the Wiedemann 74 parameters have been calibrated, the modeler should check the
effects that the parameter calibration has had on the accuracy of the desired speed
distribution, as in the Wiedemann 99 calibration. Generally, if changes to ax and bx
parameters are minimal (in number and magnitude) then no significant changes in the
simulated speed distribution should be observed, but this step should always be performed
as a check.

Step 6: Model Validation

After the calibration process is complete, the model should be validated using field
collected data. It is important that the data (speeds, headways, flow rates) that was stored
for validation be collected in the same manner (and with the same precision) as the data
used during calibration. The calibrated model should thus be run using the characteristics
(traffic volumes, vehicle compositions, etc.) as the validation dataset and simulated results
should lie within the acceptability criteria.

Summary
In summary, calibration of the Wiedemann 74 model consists of the following six steps:
Step 1) Checking default setting against existing conditions,
Step 2) Calibrating desired speed distribution,
Step 3) Calibrating car following parameters, ax,
Step 4) Calibration bxAdd and bxMult,
Step 5) Check desired speed distribution, and
Step 6) Model Validation
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