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of High-Speed Intersections

This paper describes a new detector-controller configuration ¡ntended to
minimize the d¡lemma-zone problem at signalized ¡ntersections on
high-speed roads. lncluded are a complete funct¡onal and electrical de-

script¡on of the des¡gn, the findings of a field test, and a comparison with
two existing designs. The new design uses a basic, actuated, digital con-

troller operated in the nonlocking mode. An approach that has a design

speed of 89 km/h (55 mph) has an upstream detection loop located 1 17

m (384 ft) back from the intersection and a middle loop 77 m (254 ft)
back. A loop at the stopline ¡s 8 m (25 ft) in length and is connected to
a novel extended-call-delayed-call (EC-DC) detector that ¡s able to
change from an EC model to a DC unit at the strategic moment during
the green interval. ln effect, the change disconnects the stopline loop,
leav¡ng the other two loops to control the extension and termination of
füe green. The controller and detectors are off'the-shelf un¡ts that re-

quire no internal modification. The only special-logic ¡tems are two re-

lays mounted on the back panel. The design does not pose a ma¡nte'
nance problem. A test ¡nstallat¡on in Georgia significantly reduced con-
flicts associated with the dilemma zone' A comparison with two exist-
ing designs shows that the EC-DC configuration costs somewhat more
than the EC design but is superior ¡n three operational categor¡es. lt ¡s

less expensive than the density design and is superior in four operational

Drivers face a "dilemma zone" or "zone of indecision"
at signalized intersections where approach speeds are
56 km/h (35 mph) or higher. If the yellow comes on
while tlre driver is in this zone, an abrupt stop may
produce a rear-end collision. The decision to go
through, on the red, may produce a right-angle acci-
dent. The tra"ffic engineer can install a vehicle-
actuated signal controller and appropriate detection
in order to attempt to minimize the untimely display
of yellow. This paper describes a new detector-
controller design to meet this objective.

The new design was made possible by the following
three recent breakthroughs in driver-behavior re-
search and hardware technology:

1. The boundaries of the dilemma zones for various
approach speeds are now knorvn with reasonable ac-
curacy.

2, Digital controllers permit the unit extension to
be tailored to tenths of a second.

3. Loop detectors are now available off the shelf
that have both extended-call (EC) and delayed-call (DC)
features as standard equiPment.

A number of advanced detector-controller confígura-
tions for isolated intersections on high-speed roads
have been reported in the literature. Most of these
were summarized in a design manual published by the
Federal Highway Administration in 1977 (!. Concur-
rently, Zegeer @) reported excellent results in
Kentucky with a particular configuration known as a
green-extension system. In 1978, Parsonson (Q dis-
cussed the state of the art and concluded that there
appears to be an unmet need for a desígn for high-
speed roads that has the following characteristics: (a)
loop-occupancy features; (b) basic, actuated controller
with nonlocking detection memory; (c) EC detection;
(d) short atlowable gap, primari þevenI-requen-
"max-out" (which may well show a yellow to a vehicle
in the dilemma zone); and (e) dilemma-zone protection
over a wide range of speeds. Parsonson then proposed
a new detector-controller configuration to meet these
objectives and analyzed it on the basis of seven criteria
set forth for evaluating any proposed design. In re-
sponse to a discussion of the paper by Clark $), Par-
sonson modified the design in his closure Qrp. a2)
and stated that his proposal would soon be field tested in
Gwinnett County, Georgia.

The present paper provides a complete functional and
electrical description of the modified design, reports
the findings of the Gwirmett field test, and compares
the new configuration with the most commonly used
existing designs.

FUNCTTONAL OPERATION

The design uses a basic, actuated controller operated
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in the nonlocking detection-memory mode. Figure I

Approach
Speed
(km/h)

below ürom Zegeer @J shows ihat 90 percent of
drivers approaching at 89 km/h rvill decide to stop if
the yellow begins just as they reach tlris point (1 km/h =
0.6mph;1m=3.3ft):

Distance from lntersection (m)

The middle loop is placed 77 m \254 ft) from the inter-
section. As the table indicates, this is the upstream
boundary of tåe dilemtna zone for vehicles approaching

Both of these loops are small, perhaps 2x2 m (6x6
ft). Their "amplifiers" are of normal design (not EC).
They may produce a short pulse when the vehicle enters
the loops, or they may be operated in the presence
mode.

The loop at the stopline is 8 m (2õ ft) in length, which
is intended to be long enough to bridge the gap between
waiting vehicles, thereby assuring a call from a queue.
The detector is a novel EC-DC unit that is able to
change from an EC model to a DC unit at the strategic
moment during the green interval. Each mode of
operation has its own adjustable timer.

A description of the operation of the configuration
begins with a start of green. As the waiting vehicles
discharge over the stopline loop, its EC-DC detector
functions as an EC model. (It has a carry-over output,
meaning that it holds or "stretches" the call of a vehicle
for a period of seconds that has been set on an adjust-
able timer.) The controller, meanwhile, is timing a
minimum green that Cfark (S has found may need to be
as long as 12-18 s in order lo meet the enpectations of
truck drivers. On expiration of the minimum green,
probably only five or six vehicles have discharged and
there is still no motion over either of the upstream
loops. A "stretch" setting of approximately 2 s on the
EC-DC detector is intended to produce an unbroken
actuation (and an extension of the green) until motion
is assured over the middle loop. By this time, dis-
charging tra-ffic is up to speed. A 2-s gap between
vehicles appears. The EC detector at the stoptine in
effect "gaps out" and becomes a DC unit with approxi-

DetecÈor

Probabil ity of Stopping

10 Percent 90 Percent

56
64
72
80
89

31
37
46
52
71

77
86
99

107
117

Figure 2, Electricâl operation of EC.DC detection at stopline.

Double Pole/Double Throw
Relay

Loop location for new design.

77û (254 ft
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(b) DC CHANNEL BEGINS TIMING AS TIRST CAR ARRIIES ON RED
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mately 5 s of time delay. The fuIl-speed vehicles in
transit over the stopline loop do not produce a call.
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5. Can a queue waiting at the stopline get into motion
wittrout a premature gap-out? The amount of stretch
set on the EC timer of the EC-DC stopbar loop isbecome disconnected. and the

continued extension of the green is controlled by
upstream loops and tj¡e unit extension setting of the
controller.

If tl¡e upstream loops use an amplifier that produces
a short pulse when ttre vehicle enters the loop, then
the unit extension setting of the controller is selected
tobe 2.2 s. It is simple to show t¡at thÍs settÍng will
carry vehicles approaching within the speed range of
64-89 km/h (40-55 mph) through their respective
dílemma zones. For e>rample, a vehicle arriving on
the green at a speed of 64 km/h will receÍve a 2,2-s
unit extension that will prolong the green until the vehicle
reaches the middle detector. The second unit extension
holds the green until the vehicle is 37 m (124 ft) from
the intersection. The table above shows tÌ¡,at this is
the downstream boundary of the dilemma zone for that
speed, so the design succeeds ín delaying the start of
the yellow until the vehicle has cleared its dilemma
zoîe.

If the upstream loops use ar electronics unit operating
Ín the presence mode, tùen a¡ actuation will not end
until the rear of the vehicte leaves the loop. In this
case, a unit e*ension of 1.9 s is used instead of 2.2 s.

It'is useful to apply seven criteria to judge the ef-
fectiveness of any proposed configtrration for high-speed
intersections ($:

1. Does the design detect a vehicle approaching at
the design speed before it reaches the dilemma zone?
The table above shows that the dilemma zone for 89

km/h begins 117 m (384 ft) from the intersection.
Therefore, the design of Figure 1 does meet this cri-
terÍon.

2, What is the allowable gap imposed by this design?
A long allowable gap produces sluggish transfer of the
green, increasing both delay and the likelihood of losing
dilemma-zone protection because of max-out. \¡fith a
unit extension o1.2.2 s, the allowable gap produced by
the two upstream loops is calculated as the travel time
from the first loop to the middle one, plus the 2.2 s of
extension by the middle loop. A stream of vehicles at
the design speed of 89 km/h would thus e4perience an
allowable gap of 1.6 + 2.2 = 3.8 s, while a stream at
64 km/h (40 mph) would hold the green if their tÍme
headways did not exceed 2.2 + 2.2 = 4,4 s. These
allowable gaps appear to be snappy enough to minimize
the extension of green to a maximum interval set to

prevent pre
earlier. The stretch must be long enough to assure
motion over tlre middle loop, yet short enough to assure
tirat the stopbar loop "disconnects" as soon as dis-
charging traffic gets up to speed. The stopbar loop
must discornect þy reverting to the DC mode) before
full-speed tra-ffic gaps out over the upstream detectors.

6. Ca¡ the design screen out false calls for the green
hs, for example, with right turn on red (RTOR)J? The
nonlocking controller mode is capable of screening out
false calls that appear while ttre cross-street tra-ffic is
holding the green. When ttre green is at rest on the
cross street, the DC mode of the EC-DC stopbar detec-
tor will screen RTOR vehicles that enter the approach
from a driveway less than 77 m (264 ft) from the inter-
section. However, with the green at rest on the cross
street, a false call at either of the two upstream detec-
tors will bring the green unnecessarily.

1, During the green interval, can a queue of left-
turning vehicles hold the green as they wait to filter
through gaps in oncoming tra-ffic? This is important on
two-lane roads, where an occasional left-turning vehicle
can cause a queue to form. When a gap in oncoming
traJfic appears, a gap-out may occur vr¡ith some designs
before the queue can get into motion over a detector
upstream of the stopline. In tlris design, the EC-DC
loop at the stopline permits a queue of left-turning
vehicles to hold the green.

ELECTRICAL DESÍGN

The test installation (described below) used digital loop
detectors. Therefore, this section rvill discuss the
electrical design in terms of "channels" of detection.
Three two-chan¡el detectors would be used at a two-
phase intersection of a high-speed route that has a
low-speed crossroad.

One char¡nel of one detector is connected to the four
upstream, small-area loops. Figure 1 sho"vs two of
these loops; the other two would be on the opposite ap-
proach.

The second channel of that detector is cormected to
the loops used on the crossroad. Each of these two
approaches might have an 18-m (60-ft) loop at tlte stop-
line.

Both charurels of the second detector are used for
one of the EC-DC loops. For example, they could be

.60 s or more. used rvith the long loop at the stopline of the approach
3. g¡¡ ¡s¡min¿¡ien of the green by gap-ou

5O-ßO s ôr môre-

hicles approaching at the design speed be clear of the are associated with the other EC-DC loop, which would
dilemmã zone? On gap-out, á vehicle approaching at be at the opposite stopline of an expanded Figure 1. The
89 km/h will be 2.2 sr- or 54 m (1?8 ft), past the middle operation of these four eharurels Ís explained with the
detector. Figure 1 shows that this is 7? - 54 = 23 m aid of Figure 2.
(?5 ft) short of tlle stopline. The table above indicates Figure 2a shows a two-channel detector in the
dt¡at at this point the vehicle has teft the dilemma zone dashed-line box on the right. Charurel t has been

rvell behind. srvitched by hand to ttre DC mode of operation. Channel
4. On termination of the green by gap-out, will ve- 2 has been set to the EC mode. These charnels would

hicles traveling more slowly than the design speed be both be assigned to a stopline loop, as ex¡plained above.
clear of the dilemma zone? The initial erçlanation of Figure 2a also shows a double-pole, double-throw
this design. above, pointed out that a vehicle approach- relay that would be installed on the controller cabinet's
ing at 64 kiir/h will have just reached the downstream back panel by the local staff. The relay is cornected
boundary of its dilemma zon¡e on gap-out. AI1 approach to t}re detector, cabinet power, and the controller
speeds from 64 km/h to 89 km/h receive dilemma-zone phase's detestor input terminal as shown. A metal-
protection from this design. A slower vehicle, at 56 oxide varÍstor (MOV) Ís included to eliminate the AC
Ì<m/ir (¡S mph) is also protected because the yellow will noise coming from the 115-V power source. It is a
appear before the vehicle reaches its dilemma zone. model GE V150L420.
The first detector's unit extension ot 2,2 s is not enough In the absence of a vehicle in the loop, Figure 2a
to carry this straggler to the middle detector, so gap- shows that neitler detector cha¡urel is actuated; both
out occurs upstream of the dilemma zone. sets of output-relay contacts are open. Similarly, the
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Figure 3. Site of test installat¡on. Figure 5. Upstream loops do.not detect the turn lanes.

Figure 4. Detect¡on-loop
layout of test installation,
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open contacts in the relay to the left indicate that no
call is going to the controller.

In Figure 2b, a vehicle has amived and come to a
stop on the loop þecause the signal is red). Channel 1
begins to time its delay in issuing a call; meanwhile,

Jhe ehannel 2 contacts close. It is clear from Figure
2athat contact 1 in the retay will not close as a result
of this arrival, and no call goes to the controller.

When charmel 1 times out its delay, its contacts
close, as shown in Figure 2c. A ground is applied to
one side of the relay's coil, energizingit and causing
contacts 1 and 2 to close. A call in the form of a ground
is applied to the controller phase's detector input
terminal (contact 3). The controller responds by
changing the green signal to this phase at the earliest
opportunity.

When the first vehicle leaves the loop on the green
interval, the channel 1 contacts open. That ground is
removed from the coil. Charu¡el 2 remains energized
for a time, however, and the call is extended by means
of the ground provided in the relay. As the queue dis-
charges, the loop becomes occupied again and again
before the set extension is able to time out. The call
to the controller is unbroken; see Figure 2d, Soon the
vehicles are crossing the loop at full speed and a gap
appears that allows chaûiet 2 to time out an extension.

Figure 6. EC-DC loops at the stopl¡ne are only I m (25 ft) long.

#+

)

The time-out opens the charurel 2 contacts, deenergizing
the coil and opening contacts 1 and 2 in the relay. The
call to the controller ends, and the system returns to
Figure 2a.

TEST INSTALLATION

The design',vas tested in July 1g?8, at the intersection
of GA-141 and Holcomb Bridge Road in Gwi¡rrett County
(in greater Atlanta). Figure 3, looking south on GA-141,
shows an open, rural intersection. The skid marks in
the dilemma zone were found before the new design
went into effect.

In both directions on GA-141, the peak-period speeds
at the 15th, 50th, and BSth percentiles are 6g, ??, and
86 kmlï (43, 48; ãrd 54 mph), respeõtivGly. Soufh-
bound volumes peak during the morning commuter rush
at 550 vehicles/h. The northbound peak, in the a-fter-
noon, is close to 700. This four-la¡e highway has an
average daily traffic (ADT) of 1? 100 vehicles/day.
Holcomb Bridge Road carries an ADT of 10 800
vehicles/day on four 1anes.

Before the new detector-controller configuration was
installed, GA-141 was signalized by using a sma-ll-area
detection loop 58 m (190 ft) from the intersection. The
table above can be interpolated to show thai the median-
speed vehicle approaching at 77 km/h (49 mph) has a
22 percent chance of stopping if shown a yellolv interval
at that location, Therefore, the "before" fully actuated
signalization provided an insignificant amount of
dilemma-zone protection.

Figure 4 shows the detection-loop layout of the test
installation. The loops on the high-speed north-south
GA-141 are identical to the design set forth in concept
in Figure 1. The upstream loops on each of these ap-
proaches (Figure 5) do not detect the low-speed turning
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Figure 7. The design requires a digital controller. Figure 9. One double-pole, double"throw relay for each high-speed
approach.

O-...
o..".^'

-0":':::

ilr**

H

O-...
a'.-..'-

_.*'-

ilrr*

M i¡,;I

o
o
o
o

Figure 8. Six channels of detection are required,

traffic. An EC-DC loop at the stopline is shown in
Figure 6. The southbound right-turn-only lane in Fig-
ure 4 has no detection loop at the stopline because ve-
hicles are permitted to turn right on red.

The east-west cross street (Figure 4) uses conven-
tional loop-occupancy control. Each approach lane has
a quadrupole loop 18 m (60 ft) long operated in the
presence mode.

The digital controller, shown in Figure 7, has the
settings given below.

Figure 10. Three pilot l¡ghts are stored behind the police panel.

Phasel Phase2(Holcomb
(GA-141) Bridge Road)

Passage time (s)

Maximum interval (s)

Yellow change (s)

Red clearance (s)

2.2
55
4.3
1.5

0.5
35
4.3
1.7

The yellow-plus-all-red clearance period is unchanged
from the "before" settings. The 14 s of fixed initial
plus passage time for phase 1 were derived from the
Clark recommendations of 12-18 s ($. The 2.2 s of
passage time was derived earlier, The maximum
setting of 55 s was a compromise of the 50-60 s com-
monly used and would have been set higher if necessary
to avoid max-outs.

The three detector units shown in Figure I provide
the required six channels of detection. The detector
on the left in the figure uses channel 1 to operate the
four upstream loops on GA-141. The long stopline
loops on Holcomb Bridge Road use charmel 2. The
center detector and the right one were designed at the
factory so that any channel can be switch-selected to
either the DC or EC mode of operation. The center
detector, serving the stopline loop for the northbound
approach on GA-141, is set to DC for channel 1 and
EC for charurel 2. The right detector is set similarly
for the southbound approach. Slitches inside these
two detectors are set to time 5 s of delay and 2 s of
extension at this intersection.

The double-pole, double-throw relays e¡plained
earlier are shown in Figure 9. One is associated with
the center detector unit and the other with the rieht
unit. The fact that these two relays are the only special
logic in the cabinet points up the simplicity of the de-

Item

Item
Phasel Phase2(Holcomb
(cA-141) Bridse Road)

Detection memory Nonlock Nonlock
Fixed initial (s) 12 12

ffi'
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was desired because the north-south signal heads are not heavy enough to extend either phase to the maximum
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sign. It does not pose a maintenance problem.
Figure 10 shows three pilot lights that were added

for convenience in monitoring the operation of tJre de-

visible from the cabinet. The center and right lamps
are associated with the stopline loops on the northbound
and southbound approaches, respectively. Each glows
whenever its loop is outputting a call to the controller.
The setting of 2 s of extension on each approach was
obtained by trial and error by using these pilot lights.
The lamp for an approach is extinguished when its
stopline loop disconnects during the green. As ex-
plained earlier, the discormect must occur at the
strategic moment, neither too early nor too late. The
design provides separate electronics units for each of
the two EC-DC stopline loops. If a single two-charnel
unit were used, instead of the two shown at the center
and right of Figure 8, then a timely discormect of a
stopline loop would become di-fficult. Heavy traffic in
both directions would be much more likely to cause
extension of the green to the maximum interval.

EFFECTTVENESS

The efïectiveness of the test installation was deter-
mined by a before-and-after study of pea}-period con-
flicts on both approaches of GA-141. The southbound
approach was observed from 7:00 to 10:00 a.m. and
the northbound approach from 3:00 to 6:00 p.m. Con-
flicts were tallied by vehicle classification arid were
recorded hourly. The following types of conflicts ob-
served lvere suggested by Zegeer (þ:

1. Run red light: A clearingvehicle is upstream
of the stopline when the signal turns red.

2. Abrupt stop: A driver decides at the last instant
to stop. The deceleration, particularly within 30 m
(100 ft) of the stopline, causes the front end of the ve-
hicle to dip noticeably.

3. Srid: A stop is so abrupt as to produce the
sound of skidding.

4. Swerve: An erratic m¿ùneuver namowly averts a
collision.

5. Acceleration through yellow: The driver "guns"
the engine in order to clear the intersection,

6. Brakes applied before clearing: The driver's
indecision causes him or her to apply the brakes and
then to clear the intersection.

The observers were stationed 137 m (450 ft) from
the stopliae and ineonspieuousl¡sff ts the side of the
highway. Tra-tfic cones were placed at the boundaries
of the dilemma zone for the median approach speed.
At each approach, 6 h of "before" and 6 h of "after"
data were collected, for a total of 24 h of data. These
results are sumûErized in Table 1, which shows that
the test installation caused total co¡¡flicts for 12 h
to decline from 29 to 9. The two approaches combined
therefore experienced a 69 percent reduction in con-
flicts per hour-from 2.42 to 0.75, as shown below:

Period No.

Before 12
After 12

SD

1.62
0.75

The t-test results (3.23) indicate that so great a dif-
ference in the means could have occurred by chance
only one time ir 100 (a = 0.01). Therefore, the reduc-
tion in co¡rflicts was highly significant statistically.
The test installation was very effective, despite the

fact that the "before" signalization provided a meaÉiure
of dilemma-zone protection.

Delay was not a factor at this intersection either

interval.

COMPARISON WITH OTHER
DESIGNS

This section compares the EC-DC design with two con-
ventional approaches to signalization of high-speed
roads. The three designs are compared for cost and
the seven criterÍa set forth earlier.

The cost comparisons assume that both of the in-
tersecting roadways carry high-speed tra.ffic and that
all approaches are single lane. Common costs such
as sigrnl heads and poles are omitted as irrelevant.

One of the conventional designs, referred to as the
density design, uses a two-phase density controller
that has locking detection memory [, S. Each ap-
proach has a small-area loop at the upstream end of
the dilemma zone and a small-loop calling detector
near the stopline. The other conventional design,
referred to as the EC design, uses a two-phase basic
controller set to the nonlocking detection-memory
mode $S. Each approach hås a small-area EC
detector at the upstream end of the dilemma zone and
aZt-m (70-ft) loop at the stopline.

Table 2 compares the initial costs of the two con-
ventional designs and the EC-DC configuration (detaits
of these cost estimates available from us). The table
shows that the costs of the three designs are roughly
the same, although the EC configuration is 10-15 per-
cent cheaper tltan the other two designs. Overall,
Table 2 suggests that the choice among the three alter-
natives should depend on operational features and
maintainability, rather tha¡ on initial cost alone.

The maintainability of the three designs is beyond
the scope of this paper; however, there are maintenance-
cost data that offer some assistance (see the paper by
Parsonson and Tarnoff elsewhere in this Record). The
amount of loop wire in the road and e:çosed to breakage
is an important maintenance concern. The stopline
Ioop of the EC-DC design is only I m (25 ft) in length,
a definite maintenance advantage over the 21-m (70-ft)
stopline loop used by the EC design. Operationally,
the three designs can be compared by using the seven
criteria set forth earlier:

1. Inasmuch as all three designs pl,ace their up-
stream detectorin accordance witù theprobabilitf-of-
stopping distances given earlier, they are equal in their
ability to detect a design-speed vehicle before it
reaches its dilemma zone.

2. The allowable gap imposed by the density design
is reduced, usually on the basis of time waiting on the
red, to the setting of tìe minimum gap. It is easy to
calculate from the table of stopping distances that, for
a typical speed of 80 km/h (50 mph), the shortest setting
that would pass a vehicle through its dilemma zone is
about 2.5 s. This constitutes a minimum desirable
allowable gap; a shorter value would give snappier
operation but could leave a vehicle in the dilemma
zone. The allowable gap of the EC design is typically
5 s (Ð. That of the EC-DC design was calculated
earlier to be about 4 s. Actually the difference ís
greater; the ability of the EC-DC design to disco¡mect l

íts stopline loops gives it a decided superiority to the
EC design in real-world operation.

3. On termination of the green by gap-out, all
three designs will permit a vehicle approaching at the

Mean

2.42
0.75
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Table 1. Traffic conflicts before and after at
test installat¡on.

Table 2. lnitial costs
of the three des¡gns.

Item

Côntroller
Detector units
Labor
Loop wire
Lead-in wire
Messenger cable
Conduit
Sealant
Sâw, blade
ReIays

Total

Initial cost
Detection at desÍgn speed
Allowable gap
Protection at design speed
Protection at lower speeds
Avoidânce of premature

gap-out
Screening of false calls
Left-turn queue holding

green

Total

Automobiles
Single-Unit
Trucks Semitrailers Total

Run red light
Abrupt stop
skid
Swerve
Accelerate through yellow
Brake before clearing

Totâl

12 'l
50
10
00
32
8_q

299

11 ',l

30
10
00
7_q

259

00
10
00
00
00q!
10

10
10
00
00
00
1-q
30

Table 3. Comparative of ranking the three designs.

DC EC EC-DC

1

1

1

2

traffic can defeat the purpose of this feature (S;
therefore, the density design is the least attractive
of the three on this account.

6. The density design has no ability to screen out
false calls for the green, because the controller's
detection memory is of the locking type. The other
two configurations are better, because of their loop-
occup¿ulcy features. The EC-DC design is best; the
stopline loop operates in the DC mode when the signal
is red.

1. It is desirable, especially on two-lane roads,
that a queue of vehicles waiting on the green to turn
left be able to hold the green. The EC and EC-DC
configurations can do this, but the densÍty design carmot.

Table 3 summarizes the comparison of the three
designs. For each of the criteria, 1 is assigned to the
best design, 2 to the next best, etc. If the designs are
equally effective, each receives 1. The table shows
that the EC-DC configuration costs somewhat more
than the EC design but is superior in three operational
categories. It is less expensive than the density desigrt
and is superior in four operational aspects. It appears
to be a worthy challenger to these conventional designs.
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