Improved Protected-Permitted
Lefi-Turn Signal Displays—The
Texas Approach
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Over the past several years, two ad-
vanced techniques have emerged
in the operation of protected left-turn
signals at signalized intersections in
many jurisdictions. One is the use of
protected-permitted left-turn operation,
which permits left-turn traffic to turn on
an unprotected basis during opposing
through traffic intervals in addition to
providing a protected left-turn phase.
The other is operating one of an oppos-
ing pair of left-turn phases in a lagging
sequence, whercin the left-turn phase is
serviced immediately after the opposing
through movement rather than immedi-
ately before it.

Advantages of
Protected-Permitted
Left-Turn Operation

Where they can be operated with no sig-
nificant compromise to traffic safety,
protected-permitted left-turn signals of-
fer several advantages in operating effi-
ciency over conventional restrictive
(nonpermitted) left-turn signals. Among
them:

Except when opposing through traffic
is s0 heavy as to provide no acceptable
gaps for left-turn traffic during the
through green signal phases, pro-
tected-permitted left-turn signals often
provide a considerable reduction in av-
erage dclay per left-turn vehicle.

Especially when opportunities to turn
left during the permitted period are
frequent, protected-permitted left

turns can often provide a substantial
reduction in the amount of green ar-
row time that the left-turn volume re-
quires at the expense of other signal
phases.

* On actuated left-turn phases, any of
several delay timing techniques may be
used to keep the controller from im-
mediately terminating through traffic
greens in response to detection of left-
turn vehicles. These vehicles can often
make their turns on the permitted
green if given a few seconds to do so.
In a nonpermitted left-turn phase op-
eration, however, the controller must
cycle and service the left-turn phase
every time one left-turning vehicle is
detected on the approach, even in very
light traffic conditions.

* In extreme cases of very light or very
heavy opposing traffic, it is sometimes
possible to omit a protected left-turn
phase altogether during parts of the
day when providing it is unnecessary,
impractical, or inefficient.

Advantages of Lead-Lag
Left-Turn Sequencing

Likewise, operating certain protected
left-turn signal phases in a lagging se-
quence where those phases immediately
follow rather than precede their oppos-
ing through movements can provide con-
siderable improvement in signal operat-
ing efficiency in specific applications.
Typical examples include:

» Coordinated arterials where the pro-

gressive platoons in each direction do
not pass through the signal at exactly
the same time. Selection of leading and
lagging left-turn phase sequences to
optimize arterial signal progression
has been a specific feature of the PAS-
SER II' progression program since its
inception.
Intersection approaches not having a
separate left-turn pocket, especially
where presence detection at the stop-
line with delay timing could be used to
distinguish vehicles waiting in a shared
lane for the left-turn phase from
through vehicles.
Situations where the left-turn volume
is so heavy as to overfill the left-turn
pocket, and it becomes desirable to
bring up the left-turn phase only when
the concurrent through traffic is also
being serviced.
* Small intersections where paths of the
opposing left turns physically interfere
with each other.

The Conflict

Although either of these operating
modes can be used individually, a prob-
lem, usually called the left-turn “trap”
problem, often arises when the two tech-
niques are combined. Drivers experienc-
ing the trap are thosc attempting to
make a permitted left turn opposing the
lagging protected left-turn phase. Those
motorists can be misled by the display of
the yellow for the adjacent through
movement, which immediately precedes
the opposing lagging left-turn phase,
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and erroneously assume that the through
traffic opposing them is also being ter-
minated (Figure 1). If the scarcity of
gaps in the opposing flow requires them
to wait to make their turn during the
clearance interval, they are stranded,
becausc the opposing through move-
ment remains green. This phenomenon
results in driver confusion and has gen-
erated nhumerous complaints in addition
to being associated with increased acci-
dent potential.

A Solution

Traditionally, the trap problem is
avoided by not using protected-permit-
ted and lead-lag phasing at the same
time. Not wanting to be restricted to the
benefits of only once or the other of these
techniques, signal experts in Dallas,
Texas, including one of the authors, de-
veloped an alternative operation and dis-
play for protected-permitted left-turn

signals used concurrently with lead-lag
phasing. This alternative method, devel-
oped in 1978, allows the waiting left
turner to see ball indications which clear
at the same time as the opposing through
traffic, and therefore drivers do not
make false assumptions.

The basic concept involves: (a) having
at least two signal heads for through traf-
fic in addition to the five-section pro-
tected-permitted left-turn signal, be-
cause with the following modifications
the left-turn signal can no longer be con-
sidered a shared indication for through
traffic on the approach; (b) restricting
the visibility of the circular indications
of the five-section left-turn signal such
that they may be readily seen only by
left-turn vehicles, usually through the
use of louvers or optically programmable
indications, usually requiring the left-
turn head to be installed on a post top,
mast arm, or other rigid support such
that the restricted displays may be aimed
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Leading protected left
turn phase.

Permissive left turner
moves into position
and waits for gap in
opposing flow.

Lagging protected left
turn phase. Left turner
incorrectly assumes
opposing signal is red
like adjacent signal.

Figure 1. The trap problem with lead-lag protected-permissive turns.

with adequate precision and durability;
and (c) modifying the restricted-visibil-
ity indications so that they continue to
display a circular green to left-turn traf-
fic through the opposite left-turn move-
ment’s lagging protected intervals, and
displaying the amber for the permitted
left turn only when the amber is on for
opposing through traffic also (Figure 2).

In more refined implementations of
this concept, wiring the modified dis-
plays to an overlap output is preferred
so that the circular green for the left turn
can be shown during all of both through
movements on the street in question.
Where the additional load switch posi-
tions necessary to do that are not avail-
able in the controller cabinet, however,
the effect may still be achicved by simply
hard wiring the restricted displays to
their respective opposing through move-
ment red, amber, and green ball outputs,
rather than to the adjacent through
movement displays as in a conventional
setup.

Effectiveness

The Dallas staff’s early fears of signifi-
cant motorist confusion quickly proved
to be unfounded. In an effort to ensure
against any confusion for traffic ap-
proaching in the inside through lane, en-
gineers did make it a practice to sign the
modified display head with an R10-10L
“left turn signal” sign. More recently,
the use of that sign has been replaced
with the one shown in Figure 3, which is
a combination of the above sign and the
new R10-12 *‘left turn yield on green
[ball].” Since then, because of the lack
of complaints received by engineers who
have implemented this approach, motor-
ist understanding of the modified display
in Dallas and elsewhere appears to have
been quite good.

The Texas Department of Transpor-
tation (TxDOT) conducted an internal
evaluation of the safety and effectiveness
of the operation.” They investigated ac-
cidents for a two-year period before and
after implementation of the modified
left-turn operation. At the 27 intersec-
tions in their study, which were all in the
Dallas area, accidents dropped by 23
percent overall, including a 25 percent
reduction in off-peak periods and a 17
percent reduction in peak periods. In
graduate research, Collins used the
TEXAS Model for Intersection Tratfic,
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a microscopic, stochastic simulation
model, to evaluate the delay effective-
ness of the operation.® He compared
lead-lag operation with and without per-
mitted left turns under a wide variety of
conditions and showed that under all
conditions delay is reduced. Favorable
results showing the effectiveness of the
operation were also reported in an HPR
research report developed by the Texas
Transportation Institute.*

As a result, the modified protected-
permitted left-turn signal display has be-
come the method used for most dual and
quad left-turn signal applications in Dal-
las. The technique is also in use in a
number of other Texas cities, including
Richardson, Plano, Arlington, and Aus-
tin, generally with satisfactory results.

Limitations of the
Technique

This approach to solving the left-turn
“trap” problem cannot, of course, be
used in all situations. Inappropriate uses
include:

* Span wire or free-swinging mast arm
signals, where the left-turn signal face
cannot be mounted securely enough to
provide proper aim of the louvered in-
dications at all times.

Signal approaches where left-turning
vehicles share a common lane with
through traffic, because optically lim-
ited indications could not be aimed so
as to be readily visible only to left-turn
traffic.

A protected-permitted left-turn signal
modified as described in this article
will not improve safety where the ac-
cident experience is high for reasons
other than the “trap” problem. These
are usually still best addressed with
more traditional techniques, such as
converting the left-turn signal to con-
ventional nonpermitted operation or
prohibiting that left-turn movement.

Further, there are many situations where
this method would not provide any ac-
tual benefit, such as at “T"" intersections,
one-way streets, or the inside left turns
at typical diamond interchanges.

MUTCD Conformance

The applicable wording of paragraph 6
of Section 4B-6 of the 1980 Texas Manual
on Uniform Traffic Control Devices
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Figure 2. Interval sequence for a solution to the left-turn trap problem.

(MUTCD) was very carcfully reviewed
by several Dallas traffic engineering staff
members before any modified left-turn
signal displays were implemented in the
field.* It was their conclusion that the
wording then in effect did not prohibit
the above described operation. Since
that time, engineers in other cities have
also reviewed the Texas MUTCD and
have also not found a problem.

As of this writing, the Texas MUTCD
has not been updated since 1987. Some
supplementary wording added to the na-
tional MUTCD in its 1988 revision re-
quires the display of all circular indica-
tions in protected-permitted left-turn
signals to match those of the through
signals on the same approach,® thus pro-
hibiting direct users of that manual from
using this sort of technique to avoid the
“trap” problem. Because the benefits of
using lagging left-turn phases and pro-
tected-permitted heads in combination
are widely recognized in the Texas traffic
signal engineering community, TxDOT
is considering language adjustments for
the next update of the Texas MUTCD
that would avoid making a similar pro-
hibition. The content and implementa-
tion of those changes is still under con-
sideration.

Recent Developments

In connection with TxDOT’s efforts, the
University of Texas at Arlington is cur-
rently conducting research for TxDOT
into motorist understanding of various

possible displays for protected-permitted
left-turn signals.” Some findings they
have reported indicate that certain dual-
indication displays currently required by
the national MUTCD, particularly the
circular red indication shown together
with the left green arrow, have a low per-
centage of understanding, as reflected in
a motorist survey. They also found that
the R10-12 left turn yield on green
(ball), which is the basis for the signing
proposed herein, was the most effective
sign for use in protected-permitted ap-
plications. The final report of that study
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Figure 3. Combined R10-10 and R10-12
sign, known as R10-12a.
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is expected to considerably influence the
eventual wording of the next Texas
MUTCD update.

Conclusion

Given the benefits to traffic signal oper-
ational efficiency, which can be realized
by using protected-permitted displays
and lead-lag left-turn phase sequencing,
some appropriate left-turn treatment
needs to be provided in the MUTCD so
that the two techniques can be used si-
multaneously without creating the so-
called ““trap” problem. The combined
permitted lead-lag left-turn technique
presented in this article has been widely
implemented in Texas. Based on the re-
action (or lack thereof) by the public,
and on studies conducted by TxDOT,
this technique appears to be an effective
tool for safely combining protected-per-
mitted operation with lead-lag phasing.
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