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Headway. Headway is a measure of the temporal space between two
vehicles, or, more specifically, the time that elapses between the arrival of the
leading vehicle and the following vehicle at the designated test point along the
lane. Headway between two vehicles is measured by starting a chronograph
when the front bumper of the first vehicle crosses the selected point and
subsequently recording the time that the second vehicle’s front bumper
crosses over the designated point. Headway is usually reported in units of
seconds.

Average value of headway is related to macroscopic parameters as follows:

_ 3600
h

Average headway = 1/flow or v
a

where v = rate of flow
h, = average headway

Gap. Gap is very similar to headway, except that it is a measure of the time that elapses
between the departure of the first vehicle and the arrival of the second at the designated test
point. Gap is a measure of the time between the rear bumper of the first vehicle and the
front bumper of the second vehicle, where headway focuses on front-to-front times. Gap is
also reported in units of seconds. Figure 6.3 illustrates the difference between gap and
headway.
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Occupancy. Occupancy denotes the proportion or percentage of time a point on
the road is occupied by vehicles. It is measured, using loop detectors, as the
fraction of time that vehicles are on the detector. Therefore, for a specific time

interval 7, occupancy is the sum

of the time that vehicles cover the detector, divided by 7. For each individual
vehicle, the time spent on the detector is determined as function of the vehicle’s

speed, its headway, its length L, plus the length of the detector itself C. That is, the

detector is affected by the vehicle from the time the front bumper crosses the start
of the detection zone until the time
the rear bumper clears the end of the detection zone. Occupancy is computed as
follows:
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_ (L + C)/speed

= (L + C) X density =k X (L + C)
headway

LO

Assuming flow = density X speed

lane occupancy, i.e., percentage of time a lane is occupied with vehicles dividec
by total study time

K = density of flow

L. = average vehicle length

C = length of detector

where LO

Therefore, if occupancy is measured as above, density can be estimated as:

LO

k=T+0

One-detector System
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Traffic Flow Models

Microscopic traffic flow modeling is concerned with individual time and space headway
between vehicles, while macroscopic modeling is concerned with macroscopic flow char-
acteristics. The latter are expressed as flow rates with attention given to temporal, spatial,
and modal flows (May 1990). This section describes the best-known macroscopic, mesosopic,
and microscopic traffic flow models.

Macro Models. In a macroscopic approach, the variables to be determined are:

¢ The flow g(x.,f) (or volume) corresponding to the number of vehicles passing a specific
location x in a time unit and at time period 7

* The space mean speed v(x,f) corresponding to the instantaneous average speed of vehicles
in a length increment

* The traffic density k(x,f) corresponding to the number of vehicles per length unit

These macroscopic variables are defined by the well-known equation:

qg(x,t) = k(x,f) X v(x,tb)

The static characteristics of the flow are completely defined by a fundamental diagram
(as shown in Figure 6.5). The macroscopic approach considers traffic stream parameters and
develops algorithms that relate flow to density and space mean speed. Various speed-density
models have been developed and are shown also to fit experimental data. These models are
explained below.

Greenshields Model. The first steady-state speed-density model was introduced by
Greenshields, who proposed a linear relationship between speed and density as follows:

uf)
Uu=u,— |—| Xk
f (kj

where «# = velocity at any time
up = free-flow speed
k = density at that instant

k; = maximum density

As mentioned above, in these equations, as the flow increases, density increases and the
speed decreases. At optimum density, flow becomes maximum (g,,) at u = u;/2 and k =
k; 12.

Greenberg Model. A second early model was suggested by Greenberg (1959), showing
a logarithmic relationship as follows:

u = cIn (k/k;)

where « = velocity at any time
¢ = a constant (optimum speed)
k = density at that instant

k; = maximum density
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FIGURE 6.12 Scale and level of detail of simulation models. (Source: Institute of Transportation
Studies, University of California, Irvine).
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