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Optimal Timing Settings and Detector Lengths of 

Presence Mode Full-Actuated Control 

FENG-BOR LIN 

ABSTRACT 

The operation of presence mode full-actuated signal control at individual in
tersections is governed primarily by the choice of detector length and the 
timing settings of vehicle interval and maximum green. The relationships be
tween these control variables and the control efficiency vary with the flow 
pattern at an intersection. Based on the results of computer simulations, the 
optimal combinations of detector length, vehicle interval, a nd maximum green 
are identified for a wide range ·of flow condit ions. The analyses performed in 
this study concern only intersections where vehicle approach speeds are les s 
than 35 mph. 

Full-actuated signals based on long loop presence 
detector s are being widely used for the regulation 
of traffic flows at individual intersections. This 
p resence mode control, which is also referred t o as 
l oop-occupancy control, can r e ly o n a variety o f 
t i ming se t ting s a nd detectors . Ne vertheless , t he 
typical o peratio n of this mode o f control is gov
erned by t hree basic c ontrol va r iables : veh i cle 
i nt e r va l, max i mum gre e n, a nd detec tor length , Veh i-

cle interval determines the longest duration in 
which detectors can be left unoccupied without 
prompting the termination of a green duration. Maxi
mum green limits the maximum green duration allow
able to a signal phase after a vehicle actuates a 
detector of a competing phase. 

Some researchers have attempted to quantify the 
perfor manc e of the presence mode control under cer
tain operating conditions, but so far the findings 
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are inconclusive regarding the optimal use of pres
ence mode control. for example, Cribbins and Meyer 
(_!) examined the effects of detector length on the 
control efficiency under real-life conditions. They 
concluded that the longer the length of the presence 
detector on the major approach to an intersection, 
the longer the delay. The conditions under which 
various detector lengths were examined, however, are 
unknown. 

To provide further insights into the effects of 
detector length, Tarnoff and Parsonson (2) used the 
NETSIM simulation model (3) to compare detector 
lengths of 30 to 90 ft. Th-;;y found that the effi
ciency of the presence mode control increased as the 
detector length was shortened. But they also cau
tioned that the simulation results did not properly 
a ccount for the poss ibil i ty that a signal phase 
could be prematurely ter mi nate d because of the vari 
ations in queue discharge headways. Tarnoff and 
Parsonson's caution is not unwarranted. A recent 
study by Lin and Percy (4) has indicated that the 
risk of the premature phase termination is not 
negligible and can significantly aff ec t the oper
ating c ha racteristics of the presence mode control. 

Generally, current understanding of the perfor
mance characteristics of the presence mode control 
is piecemeal and mostly intuitive in nature. As a 
result, it is not clear how this mode of control can 
be used to achieve the highest possible control 
efficiency. To bridge this gap i() the state of the 
art of signal control, this study was conducted to 
determine the relationsh i ps between the optima l use 
of the presenc e mode c ontro l and the f l ow patterns 
at ind i v i dual intersections wher e veh · cle approach 
speeds are less than 35 mph. 

METHOD OF PERFORMANCE ANALYSES 

It is generally impractical to conduct field studies 
to determine how the performance of the presence 
mode control would change under different operating 
conditions. A practical alternative is to use com
puter simulation for the performance analysis of 
such a signal control. But past efforts in develop
ing simulation models largely overlooked t he impor
tance of a reasonably accurate representation of the 
interactions between queuing vehicles and presence 
detectors. Consequently, existing models may not be 
suitable for use as a tool to identify the optimal 
use of the presence mode control. 

The NETSIM model Cl), for example, assumes that 
every vehicle in a queue can extend a green duration 
until the queue dissipates completely. Field data 
collected in this study (1), however, indicate that 
th i s i:; nut always the case. In fact, the probabil
ity of premature phase termination caused by the 
failure of queuing vehicles to extend green dura
tions can be rather high, even when 50-ft detectors 
are used. Figure l presents a few examples of this 
phenomenon. The existence of prematurely terminated 
green durations can be expected to result in poor 
operation of the presence mode control. Ignoring it 
would cer t ainly lead to underestimates of vehicle 
delays. 

To avoid introducing systematic biases into the 
analysis of presence mode signal operations, a simu
lation model referred to as the RAPID model (5) was 
used in this study. This model is a micro-;copic 
simulation model capable of duplicating the dynamic 
and probabilistic interactions between queuing vehi
cles and presence detectors. This capability is 
indispensable because the performance of the pres
ence mode control is dictated by such interactions. 
Furthermore, the model does not contain any assump
tion that would misrepresent the actual operation of 
the presence mode control. 

Transportation Research Record 1010 

• G 2 Lanes/Phase , 50-ft Dete ctors 

,:: • 4 0 .... Ve hicle Inte rval 0 sec 
.µ 

"' ,:: 
• 2 .... 

E 

" (I) 
. 0 f-< 

(I) 
U) 

"' 4 Lane s/Phase, 30-ft Dete ctors 
.r:: , I, "' 
(I) 

" " • 4 .µ 

"' E 
(I) 

" . 2 "' 
O'> 
,:: . o .... 
.'> 

"' 0:: 2 Lanes /Pha se , 30-ft Detec tors 
4-l 

• 6 0 0 

>, 
.µ .... 

• 4 .., .... 
.Q 

0. 5 

"' .Q • 2 
0 

" "' 
• 0 

3 11 

Numbe r of Queueing Vehicles p e r Lane 

FIGURE 1 Probabilities that queuing vehicles face prematurely 
terminated green phases. 

To facilitate this study, the RAPID model was 
calibrated with field data collected at two inter
sections (1) • These data concern the interactions 
between queuing vehicles and detectors 30 to 120 ft 
long. Based on this calibrated model, the optimal 
combinations of detector length, vehicle interval, 
and maximum green were determined for a variety of 
f l ow patterns. Vehicle delays were used as the mea
sure of performance in search of such optimal combi
nations. 

The average vehicle delay associated with a pres
ence mode operation is a random variable. Its true 
value can only be estimated. Therefore, the optimal 
control referred to herein for a given flow pattern 
is in fact an approximate solution. The procedure 
used to search for such an optimal control was sim
ple but tedious. Detector lengths of 30, 50, 65, BO, 
and 1iu tt are evaluated separately first. For each 
detector length, the best combinations of vehicle 
interval and maximum green were identified for a 
number of flow patterns. The average delay produced 
by each combination of vehicle interval and maximum 
green was estimated on the basis of the outputs of 
at least four simulation runs. For a flow pattern 
with heavy lane flows, the average delay could vary 
substantially from one simulation run to another. In 
such a case additional simulation runs were per
formed to obtain a better estimate of the average 
delay. 

The flow patterns examined in this study repre
sent a number of combinations of flow rate per lane, 
distribution of traffic volume among lanes, and 
temporal variations in flow rate. The vehicles as
sociated with these flow patterns included straight
through and right-turn movements with a negligible 
number of trucks and buses. These two directional 
movements represent two extreme flow conditions and 
were analyzed separately. Both two- and four-phase 
operations of the presence mode control were ana-
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lyzed for each flow pattern. The rest-in-red feature 
was assumed to be in effect. Also, each signal phase 
contained up to four lanes. The ratio of the criti
cal lane flow in one phase to that in another phase 
was varied from 1 to 2. The flow rate in a lane 
ranged from 50 to 100 percent of the critical lane 
flow of the same phase. 

Each combination of flow pattern, detector 
length, ve hicle interval, and maximum green was 
analyzed on the basis of a 1-hc operation of the 
signal control. In such an hourly oper;ition, the 
flow rate in each lane was allowed to vary from time 
to time at 5-min intervals. A factor, referred to 
herein as the peaking factor (PF), was used to 
represent the degree of such temporal variations in 
the flow rate. This factor is defined as 

PF= Hourly volume/(4 x peak 15-min volume) (1) 

A peaking factor of 1. O indicates a uniform flow 
rate. A lower peaking factor implies that there is a 
higher concentration of traffic in a short period of 
time. The signal operation for each flow pattern was 
analyzed, respectively, at peaking factors of 1. 0, 
0.85, and 0.7. At any flow rate, the arrivals of the 
vehicles were assumed to be random, 

PERFORMANCE CHARACTERISTICS 

The choice of detector length, vehicle interval, and 
maximum green can affect the risk of the premature 
phase termination . It can also affect the speed 
profile of a vehicle before and after the actuation 
of a detector and the degree of easiness or dif
ficulty for ve hicles not in a queue to extend a 
green phase. The resulting relationships between the 
control efficiency and the control variables are 
complex. 

Among the three control variables, maximum green 
plays a relatively simple and easily identifiable 
role in shaping the operation of the presence mode 
control. The maximum green chosen for a specific 
signal operation is dormant until the arriving vehi
cles are able to extend a green phase continuously. 
The potential impact of this signal control variable 
is shown in Figure 2. 

One feature revealed in this figure is that the 
delays are insensitive to maximum green when the 
flows are relatively low [e.g., 400 vehicles per 
hour (vph) per lane], For a flow pattern with 
heavier flows, short maximum greens become undesir
able. In such a case the average delay begins to 
increase rapidly when the maximum greens fall below 
a certain level. Long maximum greens, however, may 
not have a significant adverse impact on the average 
delay. 

Figure 2 also shows that optimal maximum green 
can vary with the peaking factor. The general trend 
as revealed by the simulation data is that the 
optimal maximum green decreases when the peaking 
factor increases. This is not an unexpected result. 
A flow pattern with a strong peaking characteristic 
(i.e., small peaking factor) implies a high con
centration of traffic volume in a short period of 
time. For a given hourly flow rate, the smaller the 
peaking factor, the heavier the traffic becomes in 
such a period and the longer the maximum green 
should be. 

The effects of detector length and vehicle in
terval on control efficiency are much more difficult 
to generalize. Nevertheless, the operation of the 
presence mode control is governed primarily by the 
sum of the dwell time of a vehicle in a detection 
area and the vehicle interval provided. This sum can 
be referred to as the effective vehicle interval 
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faced by a vehicle. The dwell time is a function of 
detector length and can vary from one vehicle to 
another. Consequently, . the effective vehicle in
tervals faced by the arriving vehicles also vary. 

If such effective vehicle intervals are short, 
both queuing vehicles and vehicles not in a queue 
may have great difficulties extending a green phase. 
On the other hand, long effective vehicle intervals 
may allow vehicles separated by long headways to 
extend a green phase. In either case , control ef
ficiency can be expected to be poor. 

After a green phase begins, the queue in a lane 
will grow and decay at the same time. Eventually 
such a queue will dissipate. For the vehicles in a 
queue, the premature termination of a green phase 
should be prevented. Otherwise the queue length may 
grow from one cycle to another, thus inducing exces
sive delays. Under highly variable flow conditions, 
the premature phase termination can be e ffecti vely 
prevented if long detectors (e . g . , 80 ft) a r e used. 
Once the risk of the premature phase termination is 
negligibly small because of the use of long detec
tors (e.g., 80 ft or longer) or because of the pres
ence of light traffic flows, then longer vehicle 
intervals may lead to increased delays. These 
characteristics of the presence mode control are 
clearly revealed in Figure 3. 

After a queue dissipates from a detection area, 
it may be desirable to allow some vehicles that are 
following behind to extend the green phase. The 
vehicles not in the queue generally have longer 
headways than the queuing vehicles in the same lane. 
Furthermore, they are faced with effective vehicle 
intervals that are shorter than those encountered by 
the queuing vehicles. Consequently, such vehicles 
can be expected to have substantial dif f iculties in 
extending a green phase, An approxi mate analysis 
given in the following paragraphs underscores this 
phenomenon. 
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and ehicle interval (two phases, four lanes per phase, PF = 
0.85). 

Consider a green phase that is associated with 
more than one lane and assume that vehicles that 
cannot join a queue arrive randomly at the upstream 
end of the detector in a lane. With these random 
arrivals , it can be shown (~) that the arrival head
ways of the combined flow can be represented by the 
following probability density function: 

F(h ~ t) = exp [-(A1 + "2 + ... + "i" ,)t] " e-At (2) 

where 

F(h > t ) probability that a headway his 
greater than or equal tot, 
flow rate in lane i , and 
combined flow rate. 

As an approx i mat i or1, le t the effect i ve vehicle 
interval faced by each of such vehicles be the same. 
Denote this effective vehicle interval as U. Then, 
for a vehicle in the combined flow to extend a green 
phase , its headway s houl d not exceed U. The proba
bili ty that a ve h icle will be able to extend the 
green becomes l e - ). U. The corr esponding prob
abili ty Y that exactly M vehicles will be able to 
exte nd the gre en in succ e s s i on i s 

(3) 

Based on this equation, the probability that Mor 
fewer vehicles will be able to extend a gre en p hase 
c a n be es t imated for various combination s of ). and 
u, Figure 4 shows that, with an effective vehicle 
interval of 3 sec, the median number of vehicles 
t hat can extend a green phase in s uccession is only 
a bout 2 . 5 when the combined flow is 2 , 000 vph. If 
the effective vehicle interva l is i ncreased to 4 
sec, it can be shown that the corresponding median 
value is still only five vehicles, This is an aver-
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age of l. 25 veh icle s pe r l ane if the combined flow 
is distributed among four l anes. Therefore, unless 
the effective vehicle intervals faced by the arriv
ing vehicles are longer than 4 sec and the combined 
flow i s extremely heavy, the presence mode contro l 
will rare ly a llow a vehicle not i n a queue to extend 
a green phase , 

Allowing vehicles not in a queue to extend a 
green phase is desirable only when the combined 
critical flow of a traffic pattern is heavy . With a 
c ombined critical flow exceeding 1,200 vph, for 
example, 1-sec veh i cle intervals tend to pr oduce 
more eff i cient operations than 0- s ec vehic le inter
vals when 65-ft detectors are used, No field obser
vations have been made on v e h i c le movements over 
65-ft detectors. Nevertheless, the probability of 
the premature phase termination associated with the 
use of such detectors can be expected to be negligi
bly small. Th i s implies that the 1-sec vehicle in
te r vals needed to minimize delays are primarily to 
allow s ome vehicles not i n a queue to ext end a green 
phase. 

OPTIMAL UTILIZATION 

Optimal Maximum Gi::een 

Maximum green is usually set between 30 and 60 sec 
(1), Cur rent practices in selecting the maximum 
green appear to be arbitrary. For the purpose of 
preventing a green phase from becoming unreasonably 
long to waiting drivers, the maximum green may be 
set in accordance with a tolerable waiting time. How 
long a waiting time is tolerable is, of course, 
subject to intuitive judgment. 

To maintain high control efficiency under varying 
flow conditions, it has also been suggested Cl) that 
the maximum green be selected to correspond to the 
desired cycle leng t h a nd spl i t a t an int ersection . 
Following this suggestion, the optimal pretimed 
cycle length and green durations for a flow pattern 
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being considered can be determined first. The com
puted green durations are then multiplied by a fac
tor ranging between 1. 25 and 1. 50 t o obtain the 
maximum greens (7). This approach is log i cal , but 
the basis for cho"c;s i ng a value between 1.25 a nd 1. 50 
as the multiplication fac tor is not clear. 

The simulation resul t s obtained in this study 
indicate that the optimal maximum green of a phase 
can be related to the corresponding optimal pretimed 
green and the peaking factor. Figur e 5 shows such 
relationships. The opt imal pret i med green, denoted 
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turns 

as Gp in the figure, is determined from the fol
lowing optimal pretimed cycle length (_~): 

C0 • (1.5 L + 5~ (4) 

where 

co = optimal pretimed cycle length (sec): 
L loss time per cycle, taken as 5 sec per 

phase: 
Zi = ratio of critical lane volume of phase i to 

saturation flow of 1,800 vph: and 
N = number of signal phases. 

Given C
0

, the available green time is allocated to 
each phase in proportion to the critical lane vol
ume: that is, 

where 

= pretimed green duration of phase i, 
= clearance interval of phase j, and 
= critical lane volumes of phase i and 

phase j, respectively. 

(5) 

A few observations can be made from Figure 5. 
First, with a peaking factor of 1.0, the optimal 
maximum greens are about 10 sec longer than the 
corresponding optimal pretimed greens. Second, when 
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the peaking factor decreases to O. 85, the optimal 
maximum greens are about 80 percent longer than the 
pretimed greens. Finally, the optimal maximum greens 
for a peaking factor of 0.7 are about 2.5 times the 
optimal pretimed greens. The optimal maximum greens 
for flow pat t e r ns with only right-turn flows are 
longer than t hose for s traight-through flows. The 
difference is about 10 sec. 

The consequences of using maximum greens that 
deviate from the values given in Figure 5 are shown 
in Figure 6. Each curve of this figure represents 
the average delays for a given flow pattern when 
maximum green is varied. It is obvious from this 
figure that the use of maximum greens 10 sec shorter 
than the values given in Figure 5 should be avoided. 
On the other hand, maximum greens 20 sec longer than 
such values may increase average delays only 
slightly. 
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FIGURE 6 Variations in average delays as a function of maximum 
green. 

Because the traffic volume at an intersection 
varies from time to time, the optimal maximum green 
o f a signal phase should be determined on the basis 
of t he peak- hour flow patte r n when only one maximum 
g r een per phase i s allowed . If t wo settings of maxi 
mum g r ee n are al l owed, one setting should be based 
on t he peak-hour flow patterns and the other based 
on a pa ttern with mode r ate flow ra t es . The max imum 
g r een s hould be limited by driver s ' t ole r ance to 
waiting. 

Optimal Vehicle Interval 

For detectors at least 80 ft in length, 0-sec vehi
cle intervals can be expected to produce the most 
efficient signal operations. When shorter detectors 
are used, the optimal vehicle intervals depend pri
marily on the combined critical flow of the traffic 
patte rn. A heavie r combined critical flow generally 
requ ires a longer veh icle interval in order to mini
mize delays. 
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When 1-sec vehicle intervals are chosen over 
2-sec vehicle intervals for 30-ft detectors, Figure 
7 shows that the average delays may be reduced by up 
to 2 sec per vehicle for straight-through flows and 
up to 4 sec per vehicle for right-turn flows if the 
combined critical flow is less than 900 vph. Under 
heavier flow conditions, 2-sec vehicle intervals 
become much more desirable than 1-sec vehicle inter
vals. For straight-through flows with a combined 
critical flow of more than 1,000 vph, there is an 
increasing need to use 3-sec vehicle intervals. For 
right-turn flows it becomes advantageous to use 
3-sec vehicle intervals only when the combined 
critical flow approaches 1,400 vph. The use of vehi
ule intervals longer than 3 sec, however, would 
reduce control efficiency. 

.a 
Q) 

z 
C) 
Q) 
ti) 

"'' .---i 
Q) 

Cl 

.---i 

10 

0 

"' 20 
" 0 .... 
.µ .... 
'O 
'O 
,,: 

10 

Ri ght- Turn 

Straight-Through 

400 600 

Combined Criti c al Fl ow, vph 

FIGURE 7 Additional delays caused by the choice of 1-sec 
vehicle intervals over 2-sec vehicle intervals (30-ft detectors). 

For 50-ft detectors serving straight-through 
flows, 1-sec vehicle intervals are always better 
than 2-sec vehicle intervals when the combined 
critical flow is less than 1,000 vph. Above this 
flow level the relative efficiencies of 1- and 2-sec 
vehicle intervals depend on the specific flow pat
tern at an intersection. Generally, 2-sec vehicle 
intervals can become slightly better when the peak
ing factor approaches 0.7, whereas 1-sec vehicle 
intervals are preferred when the peaking factor is 
greater than 0.85. The differences in the resulting 
delays, however, are less than 1. 5 sec per vehicle 
and thus can be ignored. When the combined critical 
flow is less than BOO vph, 0-sec vehicle intervals 
are preferred to 1-sec vehicle intervals. Under 
heavier flow conditions, it becomes important to use 
1-sec vehicle intervals. 

To serve right-turn flows, there is no advantage 
of using vehicle intervals longer than 1 sec for 
50-ft detectors. For such directional flows, 0-sec 
vehicle intervals produce more efficient control 
than 1-sec vehicle intervals when the combined 
critical flow is less than 900 vph. Once the com
bined critical flow exceeds 900 vph, there is an 
increasing need to use 1-sec vehicle intervals. 
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The optimal vehicle intervals for 65-ft detectors 
are in the range of O to 1 sec. The use of longer 
vehicle intervals can be expected to induce addi
tional delays. For 65-ft detectors used to serve 
straight-t:hro•J'Jh flaws i 0-sec ~Ghicle !ntcLvals a;:-=: 
preferred to 1-sec vehicle intervals when the com
bined critic a.l flow i s less tha n 1 ,000 vph. Under 
heavier flow conditions , 1- s ec vehicle int erva l s 
should be used. For right-turn flows , the use o f 
0-sec veh · cle i n t ervals is ge nerally desirable when 
the combined critical flow i s l es s t ha n 1 , 100 vph. 
Above this level of combined critical flow ther e is 
an i ncreasing need t o use 1-sec vehicl e interva l s. 

Based on these findings, a set of vPhir.'le inter;
vals is determined and r econunended for timing design 
applications. These reconunended vehicle intervals 
are shown in Figure 8. The shaded areas in this 
figur e r epresent various rang s o ! vehicle i n te r vals 
in whic h the control ef ficiency is not likely to 
vary s ignificantly. Ne ver t he less , it i s desirable to 
use the uppe r bound s of such ranges to choose a 
vehicle inte rva l whe n the peaking factor of a flow 
pat t ern approaches O. 7. The lower bound s are t o be 
used whe n t he peak i ng factor i s betwee n O. 85 and 
1 . 0. As in the case o f s electing a maximum green, 
the t iming d esign c an be based o n t he peak- hour f low 
pa tte rn e xpected a t an intersection. 
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FIGURE 8 Recommended vehicle intervals. 

For detector lengths not shown in Figure B, their 
optimal vehicle intervals can be estimated through 
interpolations. 

Optima l Detecto r Le ngth 

It has been suggested (.2.) in the past that required 
detector lengths be determined from the following 
equation: 

D • 1.47 V(U - E) - L (6) 
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where 

D detector length (ft), 
V design approach speed (mph), 
U desired effective vehicle interval (sec), 
E vehicle interval (sec), and 
L design vehicle length (ft). 

The primary concern of this equation is to give 
vehicles not in a queue a reasonable chance to ex
tend a green phase. To serve this purpose, Equation 
6 in fact equates the sum of the dwell time (D + 
L)/(1.47V) of such vehicles and the vehicle interval 
E to a desired effective vehicle interval U. An 
effective vehicle interval of 3 sec is usually con
sidered to be adequate. 

Equation 6 is convenient to use, but the detector 
lengths determined from it are unlikely to be the 
most desirable, A major reason for this is that the 
effective vehicle interval U that should be used in 
the equation has not been clearly specified. For a 
detector of 30 to 65 ft, it has been shown (Figure 
8) that the vehicle interval needed to minimize 
delays increases with the combined critical flow of 
a flow pattern. This implies that the effective 
vehicle interval U should be related to traffic 
volume. Furthermore, the operation of the presence 
mode control is governed pr imar-ily by the interac
tions between queuing vehicles and detectors. There
fore, the use of Equation 6 may lead to good choices 
of detector length for some flow patterns and poor 
choices for others. 

When compared with the other detector lengths 
examined in this study, 80-ft detectors with 0-sec 
vehicle intervals were found to be able to produce 
either better or at least equally efficient signal 
operations. Figure 9 provides an insight into the 
relative efficiencies of the various detector 
lengths. Each delay curve shown in the figure is 
associated with a flow pattern under either a two
or four-phase signal control. It can be seen from 
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FIGURE 9 Variations in average delays with detector length. 
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the figure that the control efficiencies produced by 
6 5- and 80-ft detectors are comparable over a wide 
range of flow conditions. 

Detectors shorter than 80 ft are frequently used 
because of budget constraints. Before such detectors 
are used, their potential impact on control effi
ciency should be evaluated. Figure 10 shows an 
example of the additional delays that may result 
from the use of detectors shorter than 80 ft. The 
information contained in a figure such as this can 
be used to assist in the choice of detector lengths. 
For example, the data in Figure 10 indicate that, 
when the combined critical flow is less than 1,000 
vph, the average delays caused by the use of 65-ft 
detectors are less than 1.5 sec per vehicle longer 
than those produced by the use of 80-ft detectors. 
Therefore, if this magnitude of the added delays is 
deemed to be insignificant, then 65-ft detectors may 
be employed. 
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FIGURE 10 Additional delays caused by the use of 
detectors shorter than 80 ft (straight-through flows). 

Short detectors may be used in place of 80-ft 
detectors as long as their use is not likely to 
incur undue additional delays. Figures 11 and 12 
show such acceptable detector lengths at two levels 
of allowable added delays for straight-through and 
right-turn flows, respectively. These figures indi
cate that, to maintain a specified level of control 
efficiency, detector length should increase with 
combined critical flow. They also reveal that, if an 
added delay of 5 sec per vehicle is acceptable, 
30-ft detectors can be used for flow patterns with 
combined critical flows of up to about 800 vph. 
Four-phase operations require longer detector 
lengths than two-phase operations because they incur 
longer delays, and such delays are more sensitive to 
the choice of detector length. 

The detector lengths determined from Figures 11 
and 12 should be used in conjunction with the 
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FIGURE 11 Acceptable detector lengths and 
allowable added delays (straight-through flows). 

optimal vehicle intervals for respective levels of 
combined critical flow. Otherwise, the resulting 
added delays may be significantly longer than the 
acceptable values indicated in these figures. 

CONCLUSIONS 

Generally, optimal maximum greens for the presence 
mode control are longer than the green durations 
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required to achieve optimal pretimed control. Flow 
patterns with higher degrees of concentration of 
traffic in short periods of time need longer optimal 
maximum greens. The optimal maximum greens for 
hourly flnw p;,t'.t:.~rn" with a p~akin9 fa,:,tor of LO 
are about 10 sec longer than the corresponding 
optimal pretimed greens. With a peaking factor of 
0. 85, the optimal maximum greens are approximately 
80 percent longer than the corresponding optimal 
pretimed greens • 

Optimal vehicle intervals are a function of de
tector length and flow rate. For detectors 30 ft 
long, the use of 2-sec vehicle intervals can lead to 
the best Sil)nal performance over a wide ranl)e of 
operating conditions. For 50-ft detectors, 1-sec 
vehicle intervals are desirable under a variety of 
flow conditions. When detectors 80 ft or longer are 
used, 0-sec vehicle intervals can minimize delays. 
The use of vehicle intervals longer than O sec for 
such detector lengths is not desirable unless the 
combined critical flow at an intersection exceeds 
1,400 vph. 

Detectors 80 ft long can consistently produce the 
best signal performance. For a combined critical 
flow of less than 1,100 vph at an intersection, 
however, 65-ft detectors can produce comparable 
performance. For a combined critical flow of less 
than 900 vph, the use of 50-ft detectors in place of 
80-ft detectors would only incur an added delay of 
up to 2 sec per vehicle. And, for a combined criti
cal flow of less than 600 vph, 30-ft detectors may 
also be used to replace 80-ft detectors without 
incurring undue excess delays. For a specific signal 
control problem that involves the use of presence 
detectors, it is recommended that Figures 5, 8, 11, 
and 12 be consulted to determine an efficient combi
nation of detector length, vehicle interval, and 
maximum green. For a signal phase with various di
rectional flows, the criticai lane flow of a repre
sentative peak-hour flow pattern may be used as a 
basis for determining such a combination. 
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Multiway Stop Sign Removal Procedures 

CLAUDE M. LIGON, EVERETT C. CARTER, and HUGH W. McGEE 

ABSTRACT 

In recent years local jurisdictions have successfully converted unwarranted 
multiway stop-controlled intersections to less restrictive forms of control. 
However, there is wide variation in the approaches used and factors considered 
in the conversion decision. Therefore, FHWA initiated a national study of the 
processes, with two primary objectives: (a) to develop and test procedures to 
convert multiway stop-sign-controlled intersections to two-way stop-sign-con
trolled intersections, and (b) to document the safety effects of converting 
multiway stop controls to two-way controls. In this paper the study is sum
marized and the results are presented in the form of recommended conversion 
procedures. Thirty separate geographically distributed jurisdictions were 
visited a nd infor mat ion and data rega r d ing the various c onve rsion experiences 
were collected. Da ta f rom more than 170 s eparate intersections were studied by 
the resea rch team i n arr i vi ng at the concl usions and r ecommended procedures in 
this paper. Laboratory driver preference studies were conducted to determine 
the most suitable warning and information signs. In addition to local govern
ment officials, several consultants as well as professionals in quas i-public 
agencies were interviewed and their experiences and knowledge of the conversion 
process were incorporated, where appropriate. The emphasis of the study has 
been on the safety aspects of the conversion process. 

Within the past few decades there has been an in
crease in the use of multiway stop signs as the 
traffic control scheme at many intersections. Many 
elected officials believe that multiway stop signs 
are a panacea for intersection safety problems be
cause they promote speed control, accident reduc
tion, and pedestrian safety. Even though the Manual 
on Uniform Traffic Control Devices (MUTCD) (1) has 
warrants for the application of multiway stop con
trol, in some cases the "political" warrant is the 
only one that is met. Multiway stop signs should 
ordinarily be used only where the intersecting road 
volumes are approximately equal. The MUTCO states 
that a stop sign should not be used for speed 
control. 

Research has indicated that stop signs installed 
to control speed do not result in speed reduction 
(1-2>. Also, studies have indicated that stop signs 
do not always result in increased safety (~). 

Unwarranted stop signs increase stops, cause 
delays, and increase fuel consump t ion and pollut
ants. Further, installation of unwananted traffic 
control devices breeds dis respect for such devices 
and can result in potentially dangerous behavior. 
For these reasons, it is desirable to remove unwar
ranted and unneeded stop signs that hinder traffic 
flow rather than aid it. Concern for the environment 
and for fuel conservation has led to a different 
attitude toward traffic control. 

For several decades traffic engineering changes 
have, almost without exception, involved installing 
more positive or rigid control; for example, going 
from no control to two-way stop control or two-way 
to four-way stop control. Traffic engineers as well 
as the general public are conditioned to increasing 
degrees o f control. Local jurisdictions a r e begin
ning to rea lize t he mistakes of t he past and under
stand tha t the r e are air pollution , delay, and 




