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based on METANET and VT-micro

S.K. Zegeye’, B. De Schutter”, J. Hellendoorn®, E.A. Breunesse

Abstract

We present a framework to integrate macroscopic traffic flow models with microscopic
emission and fuel consumption models. Since macroscopic traffic flow models do not pro-
vide the acceleration as an output, while microscopic emission and fuel consumption models
require both the instantaneous speeds and accelerations as input, we describe how to gener-
ate these variables. In particular, we consider the macroscopic traffic flow model METANET
and the microscopic emission and fuel consumption model VT-micro. In order to integrate
these models, we propose a method to generate from the METANET model the spatial and
temporal speed-accelerations pairs and the number of vehicles subject to them, which are
required as input by VT-micro. The integration of the models results in a new macroscopic
emission and fuel consumption model called the VT-macro model.

1 Introduction

Emission and fuel consumption models can be average-speed-based or dynamic.

Average-speed-based models estimate the emissions and fuel consumption using the trip-
based average speed of the traffic flow. However, such models do not capture the variation of the
speed of the traffic flow (Ahn and Rakha, 2008). Hence, estimates using such models have less
accuracy. To reduce the estimation error, such models can also be used with local speeds (i.e.,
the average speed at every sampling time step). This approach can capture some of the variation
of the speed. Since the input for average-speed-based emission and fuel consumption models is
the average speed of traffic flow, such models are used with macroscopic traffic flow models, i.e.,
traffic flow models that use aggregate or average traffic.

On the other hand, dynamic emission or fuel consumption models estimate the emissions or
fuel consumption based on the instantaneous traffic variables of individual vehicles. These mod-
els thus require the second-by-second speed and acceleration of individual vehicles (Heywood,
1988). This implies that such models are typically used with microscopic traffic flow models,
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where the traffic flow is modeled by considering the behavior of individual vehicles. As a con-
sequence, microscopic emission and fuel consumption models yield quite accurate estimates of
emissions and fuel consumption (Ahn and Rakha, 2008). However, microscopic traffic flow
models may require large computation times, in particular for large-scale networks. Therefore,
such models are not suitable for on-line use.

To get a balanced trade-off between computational burden and accuracy one may want to
combine macroscopic traffic flow modes with microscopic emission and fuel consumption mod-
els. Therefore, we propose a way to integrate these two models so that the macroscopic variables
can be used to produce estimates of the emissions and fuel consumption. The integration re-
sults in a complete traffic flow, emission, and fuel consumption model that also incorporates
estimates of emissions and fuel consumption taking the dynamics of the traffic flow into account.
We consider in particular the integration of the METANET traffic flow model and the VT-micro
emissions and fuel consumption model. However, the proposed approach is generic and can also
be applied to other models.

2 Traffic Flow and Emission Models

METANET (Messmer and Papageorgiou, 1990) is a macroscopic traffic model that describes the
average behavior of vehicles in a traffic network. In METANET a link (a freeway with homo-
geneous layout characteristics) is divided into a number of segments where the traffic behavior
is described by a system of discrete-time dynamic equations that describe the relationship and
evolution of the average density p, flow ¢, and space-mean speed v of the traffic flow in each
segment. METANET can also include lane drops, merging lanes, on-ramps, and so on (Messmer
and Papageorgiou, 1990).

VT-micro (Ahn et al., 1999) is a microscopic dynamic emission and fuel consumption model
that yields emissions and fuel consumption of one individual vehicle using second-by-second
speed and acceleration. The model has the form Jy(k) = exp (9" (k)P.@(k)) where Jy is the
estimate of x € {CO emission, NO emission, HC emission, fuel consumption}, with v(k) =
[1v(k) v2(k) v? (k)]T the speed vector at time step k, a(k) = [1 a(k) a*(k) a® (k)]T the accelera-
tion vector, and P, the model parameter matrix for the variable x. The values of the entries of P,
can be found in (Ahn et al., 1999).

3 Integration of the Models

To integrate the two models, speed-acceleration pairs accompanied by the number of vehicles
have to be generated from the METANET traffic flow model. Since METANET is discrete in
both space and time, there are two acceleration components involved in the model (see Figure 1).
The first is the “temporal” acceleration of the vehicle flow within a given segment. The second
component is the “spatial” acceleration of the vehicles flowing from one segment to another in
one simulation time step.
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Figure 1: lllustration of the evolution of the traffic flow in METANET.

The temporal acceleration of vehicles in a segment i of link m is given by a;??p (k)= (ij(k—i‘

1) — vi,i(k)) /T where T is the simulation time step. The number of vehicles that are subject to
this acceleration is equal to n'c " (k) = Ly AmpPm.i(K) — Tqmi(k) where L,, is the length of the

m,i
segments in link m and A, is the number of lanes of link m.

From time step k to k4 1 the spatial acceleration of the vehicles leaving segment i — 1 and

going to segment i of link m is equal to (see also Figure 1): af,ﬁ?t = (vmvi(k—l— 1) — Vi (k)) /T,
and the corresponding number of vehicles is nff?t(k) = —Tqm,i—1(k).

Similar equations can be derived for on-ramps, off-ramps, and junctions.
Now we use these spatial and temporal speed-acceleration pairs to determine respectively

the spatial and temporal emission or fuel consumption J,.7" (k) and J,'*" (k) using the VT-micro

model. This then yields the total emission or fuel consumption J,7%(k) = neP (k)P (k) +
n P (k)JP% (k) for segment i of link m at time step k. We call this new model the “VT-macro”
emission and fuel consumption model.

4 Conclusion

We have presented a general approach that can be used to integrate macroscopic traffic flow mod-
els with microscopic emission and fuel consumption models. In particular, we have integrated
the macroscopic traffic flow model METANET with the microscopic emission and fuel consump-
tion model VT-micro, which resulted in a macroscopic dynamic emission and fuel consumption
model, called VT-macro. In our future work, we will compare and assess the performance of the
VT-macro model and use these integrated models in a model-based traffic control framework to
reduce fuel consumption and emissions.
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