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ecently several reports on timing
Rof intergreen periods at signal-

ized intersections have appeared
in American magazines. We assume
this problem is intensively being dis-
cussed in the United States. The article
“Effect of Clearance Interval Timing on
Traffic Flow and Crashes at Signalized
Intersections” by Zador, et al., reports a
strong correlation between the “clear-
ance interval duration” and the accident
density at a signalized intersection. The
final remark that a suitable procedure for
calculating clearance interval timing
should be applied for guaranteeing suf-
ficient safety seems to be the correct
approach because of being goal ori-
erted. The “irial-and-error” method for
finding the best solution must be re-
jected, because the “errors” are acci-
dents.

An article by Susan Jourdain in Faffic
Engineering and Control gave recom-
mendations for amber and all-red tim-
ings from British and American points of
view. Howard Stein then published a re-
view in Transportation Quarterly on to-
day’s palicies and practices of intergreen
timing in the United States.

We intend to contribute 1o these dis-
cussions by introducing an algorithm
that is part of the official signal timing
standards (RiLSA) in the Federal Re-
public of Germany and that is in wide-
spread use there. In addition, we will re-
port about a new dpproach of timing
intergreen periods. (The not rounded
numbers in this arlicle resuit from the
transformation of metric units into Amer-
ican ones.)

Timing of intergreen Periods
According to German Standards

The definition reflects the philosophy
of the procedure: the intergreen time is
the time between the end of the green
time of a traffic flow and the beginning
of the green time of ancther (conflicting)
flow, which will cross or merge the first
one. During the intergreen time different
operations occur—overrunning, clear-
ing, and entering.

Overrun time, t,, is understood to be
the time between the end of the green
time and the point of time at which the
last vehicle of the ending green time
passes the stop line. Clearance time, £,
is the time necessary for the last vehicle
of the ending green time to drive the
clearance distance (distance from the
stop line until having cleared the conflict
area). Entrance time, £, is the time nec-
essary for the first vehicle of the begin-
ning green time to pass the entrance dis-
tance, that is the distance from the stop
line until arriving at the conflict area. The
last vehicle of the ending green time
must have cleared the conflict area when
the first vehicle of the beginning green
time arrives at the conflict area (Figure
1). Intergreen time (t) is equal to overrun
time plus clearance time minus entrance
time:

ti=t0+tc“t (1)

To determine intergreen times in a way
that conflicts will not occur is impbssible.
Assumptions are necessary for describ-
ing the operations during signal stage
change. Some patterns of “normal” be-

havior can be presumed. According to
empirical data the parameters can be
chasen to such an extent that even the
most critical combination of these pa-
rameters is considered within certain
limits.

Overrun Time

We assume that a driver will stop at
the beginning of the amber interval if he
can do this without danger. (This as-
sumption is in accordance to the legal
traffic regulations in the Federal Repub-
lic of Germany.) Stopping is possible
when there is a definite distance o, up
to the stopping line at the moment of the

stream

®

Figure 1. Clearance distance and en-
trance distance for the timing of inter-
green pericds. d, = clearance distance
for the last vehicle of stream A. d,; =
entrance distance for the first vehicle of
stream B.
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decision to stop. This momernt is the end
of green time, and, the beginning of the
amber interval. That means

s .
dS—V't,B*l“E 2

d, = distance up to the stopping line,

v = approach speed at the moment
of the end of green time/the be-
ginning of amber intervat,

= reaction time, and

b deceleration rate.

The approach speed can be assumed
to-equal the speed limit. Reaction time
can be assumed as 1 sec, and the de-
celeration rate may be 11.5 fi/sec?®.

Assuming that the speed of the last
vehicle of the ending green time does not
change in the intersection area, the over-
run time is

_a)
v

t
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Where
d(t*) = distance up to the stop line at
the moment of the end of
green time and
v = speed.

Driving is allowed if
di) =d, _ (4)

Therefore the maximum overrun time
is
+ V.

2:b

This means that the maximum ovef-
run time that considers behavior accord-
ing to the traffic situation depends on the
reaction time t, the approach speed v,
and the deceleration rate b.

To avoid ovetrunning a red signal the

duration of the amber interval should be
equal to the maximum overrun time.

5

d
maxt, = — =1,
v

(5)

Clearance Time
The clearance time is
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dﬂ
.= v. (6)

Where

d.
VC

Conflicts do not happeén if it is as-
sumed when determining intergreen
time that clearing ends at the éarliest
when the last clearing vehicle has
passed the conflict area {see Figure 1).
So the clearing distance d, is the dis-
tance between the stop line and the end
of the conflict area plus the length L of
the clearing vehicle {see Figure 1—d_,).
The length of the clearing vehicle may be
L = 20 ft on the average.

The clearing speed v, is that speed
with which the last clearing vehicle
drives over the clearance distance d_-
The maximum value is equal to the
speed limit at the intersection. The min-
imum value considers vehicles with low
speed (v, = 23 fi/séc). Only for vehicles
that have to pass small curves, v, may
be assumed to be lower, for example
16.4 ft/sec for R < 49.2 ft.

if we assume lower clearing speeds
than the existing speed limit, we are &l-
lowed to use a smaller overrun time, be-
cause slowly driving vehicles are better
able to react on green time ending (v, =
23 ft'sec —+t, = 2 sec).

If there are clearings with different
clearing speeds v, then that case of
clearing is relevant for which the highest
sum of clearance time and overrun time
is calculated.

clearance distance and
clearing speed.

i

I

Entry Time

We distinguish between tiwo cases in
the behavior—start from stopping and
“flying™ start. In both cases the entry
time depends on the speed v, when
crossing the stop line, the acceleration
rate b, the entering distance d, and the
moment of crossing the stop line in re-
lation to the beginning of the green time.

The entering distance is the distance
between the stop line and the beginning
of the conflict area (see Figure 1—d, ).
it deperids only on the geometry of the
intersection.

According to German standards we
calculate t, for the case “start from stop-

ping” as

A [2d, +d)
t, = — tew  (7)
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Where

t, = entry time,

d, = entering distance,

d, = start position at the stop line (4.9
ft),

b = acceleration rate (11.5 fi/sec?),
and

toy = red and yellow interval (1 sec).

For the “flying” start we consider the
entering speed to be 24.9 mph (36.5 i/
" sec). (Please consider the influence of
the red and yellow signal if using these
values in the United States.) '
So '

t, = > (8)

There are specific assumptions being
made for pedestrians and cyclists. They
shall not be mentioned here.

intergreen Time Diagram .&

The intergreen time diagram used in
the Federal Republic of Germarny con-
siders the red ‘and yellow interval of 1
sec. It is shown in Figure 2. ?
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Procedure
First we have to determine which traf-
fic flows have conflicts with each other 4
when the stages change. For all possible
cases the intergreen times must be cal-
culated. They are brought up to round
figures. The results can be shown by a 6
matrix (see Figure 3). . tafs]
if several streams have a common
signalization, the longest intergreen ime. 4,6 2 Diagram for the timing of intergreen periods,
is chosen. The final signal program must : : '
contain all intergreen times.

A New Approach to Timing : ‘ 12
Intergreen Periods entering siream
12]e|s|6l7|a|gro1thrz[rehs]" JH

The preceding procedure of calculat-
ing intergreen times may be criticized. It
may be sald that traffic flow during the
changes of the stages is a stochastic
process. Or it may be asked why such a
sophisticated procedure must be done if
in this procedure many assumptions
have to be made. Therefore, Jakob de-
veloped at our institute a new approach
that depends on a probabilistic treat-
ment. All cases of conflicts are classified
to typical cases. For every type of con- H
flict a specific intergreen time is deter- 12
mined wherein the traffic streams that 14
form a conflict can be alternatively 15 6]6{6]5 4 [s]
treated as “clearing” or‘entering” {see - _
Figure 4). The intergreen time vaiues  Figure 3. Exampie of an intergreen time matrix.
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have to be increased if there are trian-
gular islands and/or divisional istands.
Only car traffic is considered, in so far
as the new approach has disadvan-
tages. The new approach of intergreen
timing can be applied to intersections
with “normal” character. If cyclists are
signalized together with car traffic at
large intersections one must add a value
according Figure 5.

It could be proved that the new ap-
proach of intergreen time determination
works much quicker than the “classic”
procedure and also guarantees safe
traffic operation at signalized street in-

tersections. The new approach is not yet
allowed to be used in Germany because
of juridical considerations.

Final Remark

Calculations of intergreen times for
signal programs are of the greatest im-
portance. Correct intergreen timing
guarantees safe traffic operations during
changes of stages. Intergreen timing
cannot be determined by trial-and-error
methods. The German method is de-
scribed in this article. We ask U.S. traffic
engineers to fest our procedure.
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Figure 4. Timing of intergreen pericds according to Jakob.
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Figure 5. Timing of intergreen periods ac-
cording to Jakob—increase for cyclists.
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