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Because many road facilities operate under high-density conditions, it is
{mportant to consider more accurate interrelationships among the basic
traffic flow variables. Previous papers by May and Keller concerned with
the evaluation of traffic flow models have examined the macroscopic rela-
tionships derived from the generalized car-following model designed by
Gazis, Herman, and Rothery, Their results form the basis for considera~
tion of other data sets that could be subjected to similar evaluation pro-
cedures, Thispaper presents aninvestigation ofsingle-regime traffic flow
models in which 32 sets of speed-concentration measurements were used,
Those 32 data sets are also used to investigatetwo~regimetraffic flow models.
Then 13 new sets of data are evaluated based on predictions fromthe investi-
gations of the single~ andtwo-regime models. Procedures developed by May
and Keller are used as a guide to investigate single-regime traffic flow modeis
in an m, ¢ matrix format in order to study the variability of those ex-
ponents of the sensitivity component that belong to the generalized car-
following equation, The deficiencies of the various models are identified,
and the need to investigate two-regime models is stressed. Two-regime
traffic flow models are investigatedin an m, £+ matrix format that is derived
from the generalized car-following equation. Both the single- and two-
regime models show consistency inthe m, t matrix, which makes it pos-
sible to predict the results of a new data set, The results of the additional
13 sets of data confirm the predictions. The overall analysis of the 45
data sets emphasizes the most appropriate m, ¢ values for the single- and
two-regime approaches, particularly those concerned with traffic flow
models for freeway lanes.
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eTHE NEED to consider more accurate interrelationships among the basic traffic
flow variables has become imperative as the number of road facilities operating at

near-capacity has increased. Devalopment of flow control and ramp-metering tech-
niques and design of new roadways must be based on the relationships among speed,

flow, and concentration, particularly under high-concentration conditions.

In recent years a number of steady-state flow equations for the interrelationships

among traffic flow variables have been suggested,

Previous papers (1, 2) show that the microscopic and macroscopic theories of traffic
flow can be reduced to the equation of the general car-following model formulated by

Gazis, ilerman, and Rothery (3):
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Hollywood Freewayv, Los Angeles (10 data sets, five locations for 2 days each
Pasadena Freeway, Los Angeles (eight data sets, four locations for 2 days each
Penn~Lincoln Parkway, Pittsburgh (s x data sets, three locations for 2 days
each);

U.S. highway in Virginia (two data sets, one for median lane and one for shoulder
lane!); and

7. Munich-Salzburg Autobahn, Germany (four data sets. one for median lane and one
for shoulder lane and for both directions
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data sets were based on samples taken at 1-min time intervals, and mean

mean concentrations are calculated for each interval.
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A procedure si r to that developed by Drake et al. (4) was used to systematically

reduce data points on the 32 data sets. That is, the number of measurements falling in
ie and a like

the most sparse 5-vehicle-per-mile concentration range was detern ined
number of measurements were randomly sampled from each of the other hicle-
mile ranges. This statistical procedure provides uniform distribution of the data

points over the available concentration range.

The second group of 13 data sets is based on data collected on the 42-mile (68-km
Los Angeles Freeway surveillance and control system. This second group of dala sets
was collected on the Santa Monica Freeway at 11 stations (SM-12 to SM-22) along 5
miles (8 km) of a four- and five-lane directional freeway. In addition, two data sets

froni a collector-distributor road and an on-ramp within the 5-mile free-

were obtaired
way section. Data were collected on the same day for all stations duy ng the morning
peak and were based on 5-min roadway occupancy and volume measur¢ ments. Accord-
to Athol (5), there is a linear relationship between occupancy and concentration in
ntration value. As
ition 3, the relationship between speed and concentration depends
the exact linear transformation from oc-
rtance. However, for consideration of
the second group of data sets, the linear

*h three times the occupency can be associated with the conc

be seen in equa m J,
rmalized concentration, and therefore
‘upancy to concentration is not of major ]
absolute values of concentration and speed in
transformation should be taken into account,
A systematic procedure for ur 1ity of data points over the concentration range
was performed on the second group of data sets. This procedure was similar to that
1sed with the first data sets, but, instead of reducing the number of data points, it in-
creased the number of observations by weighting them. In each 5-vehicle-per-mile
range, the number of observations was increased up to the number of observations
in the d est S5-vehicle-per-mile concentration range. In addition, in each
! equal consideration has been given to individual data points. This procedure
makes it possible to have approximately 100 data points in each set as was used in the
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first group of data sets. It is worth mentioning here that data collected during a fixed

time period represent the traffic flow variables during that period. However, from the

comparison of 1-min 2nd 5-min s2nples, it appears that no difference in the magnitudes
f the traffic flow characteristics between the two samples is evi T'his latter point

will be shown later Thus, the traffic flow models can be evaluat at e  the
jata in this paper) with 5-min samples as weli as

SINGLE-REGIME MODELS

I'he objective is to select single-regime m data sets

that satis{y preselected statistical and traffic lon procedure

1 ized here.

was initially developed in earlier papers
In the evaluation procedure, an m, { matrix
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to the region where m < land ¢ > 1. Furth it was required that in
need function and the spacing function of the sensitivity component re-
erator and denominator respectively. This limited the investigation of

the region where m 2 0 and ¢ > 0. The combination of these two re-

ted the investigation of the m, £ matrix to the region where 0 € m
jpper limit was placed on 1 such that 2 1 because this | L
covers all the pre 1s macroscopic models. as will be shown later For this
f m and values. the following macroscopic equation can be derived from equation 1

|
wher e '
¢ stea State 1 1 ¢ i N Speeas
In addition the st ant f ¢ aition 1 can be determined for the restr ted m, I
i A g
-8
: 4
X - -— — 4
1 -
4 t} ™y f I { ¢ rictics
m and 18 a | ! el Flow aracteristi
From eq ns 1 i 2 we see t! m and { are the basis for evaluatu iriver behavior
at both the microscoy ind macroscopic levels When the above-mentioned require-
ments for m and lues are considered, a dependency ol and n traffic flow char-
Acteristics ca ¢ Such a dependaency wul C e K;, U, ana opti para-
eters u K ] peed na ncentrat n respectively
Equation 18 the ¥ it maximum f{low
\ i=8 -
a [ K.\
) A;\ 4 |
Rearrangement of ¢ \ t rives
- -
{ \ |
. |
11-{\&) |
|
v | - f
\ B
«')
T'he te tate | ¥ 't ; % K where 1 2 the v, | for pt 11
nditions % flow) da/d
Whe the ¢ rameté A r¢ atitnted b . +h
first de Live t espect to k the 1uat ( f(k e | z equat 3
Mained
L]




S required that in
ity component re-
the investigation
n of these two r
ion where 0 s m
use this |
For this r:

from e

between

cept-

e 1
y the smalies

| f the : 1
111 of these n
wever, n
'he most
OF'

W speed Cr




-
'
Table 1 selected models for e regme
F » ha terist i@ ¥ re ¢ ! ' v gre-re9 ;
nodels
A X
- . . A o \
WA A ’P‘ / \/
\ % i % o \/’
- /
v R A
3
NNE
o
~ 5 - : ’
~ v & {
- A o’ tral.
] . ‘ ‘ ‘
A AV
. / g
! ‘ ‘ 3
\ : 4 ’1 - a4
4 A 4 | :
K EY
. ’ - R
£ A A A ”
4 \ -\ A }
v4 - v o ‘- ) .‘A _ 2
\ g
\\ / v © V- ‘
¥ ! K AvE ¢
\/
-
—
- pam— . :
"]
/) -







Table 2. Selectad models for two-regime measureme its (congested flow)
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Figure 3. Characteristics of congested-floy ne models Figure 4. Location of selectad two - regime models
32 data sets
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Figure 6. Location of selectad single-regime models Figure 7. Location of selected two regime models
(13 data sets) 13 data sets)
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