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1. DfTRODUCTJ:ON 

Signal preemption systems have been identified and tested as 

a Means of reducing travel times for buses in central Business 
, , 

District (CBD) grids and arterials(CI)C2)C3�however , these 

,system. applications have not been widely accepted because -� 

reduction in travel time bas not been sufficient to warrant 

iJRplementation , or the impact on other 'traffic bas been large. 

The ineffectiveness of these systems has been generally due to 

the fact that buses bave to stop frequently for passenger 

service ,  or because of traffic congestion.(4 ) 

This study investigates the application of selective traffic 

signal preenption for controlling the headways of local service 

buses (buses with average time headways of less than 1 0  minutes) , 

thus reducing the tendency of these buses to bunch, a common 

phenomenon along urban bus routes caused by variations in 

passenger loading. Effective control would provide more evenly 

spaced bus headways, reducing passenger waiting ti mes and the 

incidence of bus overloadings and resulting, in more efficient fleet 

operation. Further, a recent study
(S) 

on technological 

innovations in transit service found that �ualizing the numbers 

of passengers on buses via headway control yields a benefit 

equivalent to 0.4-3.81 additional buses and drivers. 

The preeMption is selective in that it is granted only to 

"late" buses along a route, lead ing to a reduction in headway 

variance. Thus, through selective preemption, real benefits to 
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bus passengers in terms of more re1iab1e service can be achieved. 

8ecause selective preemption is not exercised as frequently as 

unconditional preemption , a strategy designed to reduce bus 

travel time, potential negative impacts on other traffic can be 

minimized (i. e. , less effective green time would be taken from 

the cross traf fic signal phase) • 

Although limited analysis has been conducted on traffic 

signal preemptio� for bus headway control, (6) it does not appear 

that the concept has been sucessfully field tested. The goal of 

the current effort is to identify., develop, and field test 

effective headway control strategies and to provide benefit-cost 

tradeoff data on system alternatives . In this report, initial 

analysis and simulation results are discussed, followed by plans 

for further study. Chapter 2 discusses potential benefits 

obtainable with bus headway control. �e benefits are estimated 

from an equation relating passenger waiting time to the bus mean 

headway and standard deviation , and also �rom a simplified bus 

route model and control strategy. Chapter � describes a 

simulated bus preemption experiment, using field data to compare 

potential reductions in travel time with potential reductions in 

bus headway standard deviation for different types and levels of 

preemption. In Chapter 4 , a simulation model of a representative 

bus route is developed. Various headway control strategies are 

also developed and evaluated in terms of passenger waiting time , 

bus load variance and bus in-service time. Chapter 5 discusses 

potential impacts on other traffic based on previous simulation 

2 



experiments. Finally, Chapter 6 summarizes the results of the 

p�e�ious chapters and discusses further pl.ans for expanding the 

simulation model developed in Chapter 3 , continuing the analysis 

t and field testing the preemption strategies developed. Some of 
• 

.. 

-

the strategies provide a more comprehensive approach to headway 

control and may require real-time surveillance and control in the 

form of an Automatic Vehicle Monitoring (AVM) system. Such 

systems have already been tested to various degrees in 

Hamburg, (?) Chicago,c. )  London, (.) and Philadelpbia. C10) 
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2. 1 

2. ESTll�ED BENEFITS WITH BUS HEADWAY CONTROL 

PAS SENGER WAITING TIME EQUATION 

On short headway bus routes (i. e. , headways less than 1 0  

minutes) , the average passenger waiting time at each bus stop can 

'\I be shown to be: (II) 

-

where 

W = average passenger waiting time 

h = average bus headway 

• = bus headway standard deviation 

( 1) 

Equation ( 1 )  assumes random and independent bus and 

passenger arrivals. Furthermore, the passenger arrivals are 

assumed to be uniformly distributed. �ese appear to be 

reasonable assumptions for short neadway bus routes . 

The average passenger waiting time thus increases with the 

bus headway standard deviation, and is at its minimum value when 

the average bus headway is equal to the headway standard 

deviation. On short beadway routes , without effective control of 

the spacings between buses ,  buses will begin to bunch , producing 

large val ues of the headway standard deviation and average 

� passenger waiting time relative to the average headway. However, 

the headway standard deviation (oJ:' variance) and thus the average 

passenger waiting time, can be effectively reduced by delaying 

4 
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early buses andlor advancing la�e buses. The former strategy can 

b� employed by bus drivers at bus stops. The latter strategy can 

be employed with traffic signal preemption. 

I f the randomness of the bus arrivals couJ.d be eliminated 

(i. e. , through perfect control of the bus headways) , passenger 

waiting �ime would be reduced accordingly. The amount of the 

potential reduction in waiting time (in percent) is shown in 

Figure 1 as a function of the initial states of the average bus 

headway, ho, and the standard deviation, .0. Tbe waiting time 

reduction is obtained by redUCing the headway standard deviation 

to zero and holding the average headway constant. Thus , starting 

with an average bus headway of 5 minutes and a headway standard 

deviation of 5 minutes,  the maximum potential reduction in 

passenger waiting time would be 501. With a headway average and 

standard devia�ion of 1 0  minutes and 5 minutes,  respectively , the 

maximum reduction would be 20". Although Figure 1 shows the 

potential reductions in t erms of the initial states of the 

average headway and standard deviation , the percent reductions 

are dependent only on the ratio of the headway standard deviation 

to the average headway. Tbus s�ated in more general terms, in 

situations where the �eadway standard deviation is equal to the 

average headway, the maximum potential reduction in passenger 

waiting time wouJ.d be 50",  and in situations wbere the headway 

standard deviation is balf the average headway, the maximum 

reduction would be 201. Since these two examples perhaps 

represent the range of situations that would most likely occur in 

5 
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practice , 20-50 percent represents the maximum achievable 

�.duction in passenger waiting time through perfect bus headway 

control. (The situation of multiple bus bunching is not 

specifically considered in this study. This perhaps represents a 

more extreme situation with more .potential for improvement and 

� where other measures , such as excessive passenger waiting time, 

may be more imp orta nt). 

Figure 1 also represents the maximum potential savings in 

buses that could be achieved by reducing the headway standard 

deviation to zero and holding the average waiting time constant. 

Th� potential savings in buses is determined by (ho-h) /h = 6h/h, 

where h i s  the new headway computed from equation 1, and 

effectively assumes constant bus speeds. The methods for 

obtaining this type of control or for that mentioned in the 

preceding paragraph are not readily apparent but it is felt that 

limits portrayed by Figure 1 are helpful in providing informati on 

on relative potential benefits under various bus headway 

conditions. Thus , 20-50 percent also represents the maximum 

achievable reduction in buses through perfect bus headway 

control. 

Since perfect headway control ( i. e. , 1001 reduction in the 

headway standard deviation) is unachievable in practice, Figures 

2 and 3 were generated to show potential benefits in terms of the 

amctunt of reduction in headway standard de�iation. 

Figures 2 and 3 represent , respectively, the percent 

reduction , in waiting time and buses s aved, achievable througb 

7 
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percent reductions in the bus headway standard deviation. Again , 

the reductions were computed from the waiting time equation, 

keeping the headway constant for the waiting time computations 

and the waiting time constant for the "buses saved" cOJRputations. 

• The reductions are shown for two situations: the first, where 

the initial state of the average headway and headway standard 

deviation are equal: and the second, where the initial state of 

the standard deviation is half that of the average headway. 

• 

From the figures , it is clear that additional potential 

benefit can �e obtained from situations where the headway 

standard deviation and average are equal. This might be expected 

since this represents a "noisier" situation compared to the 

situation where the headway standard deviation is balf the 

average. The curves do provide a quantification of the absolute 

and relative benefits for various beadway conditions. As an 

example , from Figure 2 ,  a 201 reduction in headway standard 

deviation will provide an 181 reduction in waiting time for 

situations where the headway standard deviation is equal to the 

headway average, but only a 7. 21 reduction when the headway 

standard deviation is half the average. If the average headways 

were S minutes , this would translate into the following: for 

situations where the headway standard deviation is equal to the 

headway average, a 6 0-second reduction in the headway standard 

deviation (201) would provide a S4 second reduction in average 

passenger waiting time (181) . For situations where the headway 

standard deviation is half the headway average, a 30 second 

10 
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reduction in the headway standard deviation (201) would provide a 

13.5 second reduction in average passenger waiting time (7. 21) . 

Tbe relatively diminisbing benefits are thus apparent as tbe 

beadway variance level decreases . 

It is interesting to contrast t.be wait.ing time benefit.s of 

Figure 2 witb t.he "buses saved" benefits of Figure 3 .  From 

Figure 3 ,  a 201 reduction in beadway standard deviation will 

provide a 37. 51 reduction in buses (with a constant level of 

service or passenger wait.ing time) fpr s ituations wbere the 

headway st.andard is equal to the headway average, and a 9. 51 

reduction when tbe headway standard deviation is balf the 

average. Tbus , for small reductions in headway standard 

deviation , more relative benefit percent-wise is acbievable in 

terms of buses saved compared to reduced passenger wait.ing time. 

However , tbe actual bus savings depend on the route 

characteristics (e. g. , length, layover time) and cannot be 

determined within the scope of this simplified analysis. 

Nevertheless, tradeoffs will eventually have to be made between 

returning the potential benefits to passengers in terms of 

reduced waiting time or to fleet operators in terms of buses 

saved. Figures 2 and 3 may be used to provide comparative data 

for making these tradeoff decisions. 

In summary, this section provided an indication of tbe level 

of benefits achievable througb effective bus headway control on 

local service routes under various headway conditions and for 

different control levels . However, the analysis essentially 

1 1  



represented a single bus stop location and did not identify or 

consider explicit control methods or strategies. The next few 

sections expand the analysis by developing models of bus 

movements along a route and by developing and evaluating more 

• specific headway control strategies. 

2.2 A SIMPLIFIED BUS ROUTE MODEL AND CORrROL STRATEGY 

Bus headway control appears to be more amenable to analysi s 

by computer simulation than by purely mathematical or conceptual 

models. Nevertheless ,  a mathematical model is available which 

bas many of the elements of a realistic bus headway control 

situation. 

Consider a very specific and simple model for bus motion on 

which will be imposed a model for SChedule control: Suppose each 

bus moves forward at a constant average speed superimposed on a 

random walk. This is commonly known as random walk with drift. 

The case of a very short step-size random walk - known as 

diffusion - will be considered. �he resulting motion is a �iener 

process superimposed on a uniform drift velocity. ( 1Z) 

The resulting model is a consistent , si�ple model of the 

mot ion of an object with a constant average speed which undergoes 

random fluctuation in its movement. �h1s is probably the 

simplest model of continuous motion with two properties : 

1 .  A constant average s peed ,  and 

2 .  A constantly changing random canponent to its motion. 

12 



lhe ave raqe or drif� speed i8 not a precis�ly obsery�ble 

cluantity for an individu a l  bus, since the �us is constantl y 

undergoing random motion as well. !here will be a definite 

tendency for the bus to move f orward at a pproximately a constant 

speed, eut its actual motion can only be described in 

.. probabilistic terms. Let X(t) be the position of th� bus at t ime 

t, which l ef t point x=o at time t=O (i.e., X(O, =O,. Ihen the 

a ver age or expected position at time t can be denoted �(t) = Vt=�t' 

where V is the constant aver a ge or drift valoci,ty. �(t) will be 

normal ly distributed about its mean value with a var iance that 

also grows proportiona lly with time, thus: .ZX(t )=Kt=.Zt. !he 

for�goinq properties of X�) are proper ties of �ha r«ndom walk 

with superimposed drift. To recapitulat e: 

1. X(t) is normally distributed, 

2. Its variance grows linearly with tim�: -t =k�, and 

3. Its mean increases linearly with time: �t= X (t) =Vt. 

lhe mathematical model is s p ecif ied b y  �he followinq 

conditio na l  probability distribution: 

1 
. � = 

Xz (- 'U-[ X, +V(t,-t. )J)2) dU , = J exp 2k (tz -t �., ,.. . .. 
where (tz>t d 

13 
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�hich states that if (i.e., conditioned on) X(ta)=Xa' then K(t., 

is normally distributed with mean X,+V(ta-t,) and variance k(tl-

tl). !f it is assumed, a8 earlier, that X(O)=O, th�n: 

2) Pr (X (t) <x) = 1 
,,2wkt / exp( -,�� VtIZ)dU 

-00 

�hich is a simpler and more convenient expression. 

So far, a description of the mathematical model for the 

uncontrolled bus bas been given. as noted, the variance o f  the 

position of the bus on the route, eXIt) ], �rows lin�arly with 

time. !his has a correspondence with the hypothesis that the tus 

headway variance grows linearly with position on th� route.(ao) 

�ext, consider a simple control strategy. In an at tempt to 

reduce headway variance, ,eosition variance (i.e., variar.ce ot 

X(t) will be reduced by delays in accordance with a schedule. 

�s the buses move independently according to the model descrited 

above (they may be in itially �isFatched at uniform or 

approximately uniform intervals) , and since the control strategy 

will �reat each bus inde�endently (this latter is a feature of 

schedule control and not of general headway control), it follows 

that the headway variance can be readily obtained trom'the 

position variance of e ach bus. 

!he control strategy that will be evaluated in this section 

can be described as follows: the !!arliest.,time at which each bus 

can leave each location along a route is determined to be a 

\ 



• 

linear function of the distance of the l"ocation from the 

beginning of the route. For the hypotbetical bus leaving the 

beginning of the route at teO (i. e. , for which X (O)=O), the 

control strategy is specified by X (t)�Vot, �bere Vo is 

essentially a schedule velocity, and the control strategy is to 

ensure that X (t) does not exceed its scheduled location Vote 

The control strategy just described mathematically can be 

pictured by the following physical model : 

Suppose that a "pace car- travels in front of the bus at 

velocity VO. The bus follows and may catch up to, but not pass , 

th� pace car. The pace car defines the limit of motion imposed 

on the bus by this schedule control. �e bus may occasionally 

catch up to the pace car, but since it may not, by the rule of 

the control strategy, go ahead of the pace' car's position ('lot) , 

the bus will, by the random influence of traffic, mostly be 

lagging behind the pace car by random amounts. In other words, 

even though the pace car travels at a constant speed, Vo (this is 

a hypothetical vehicle), the bus', being subjected to the 

realistic random influence of traffic, will still have a random 

motion with variance, but the variance w£ll 'be reduced below what 

is was in the uncontrolled situation ( i. e. , kt). 
, 

In practice, the control strategy may be implemented by 

employing Automatic Vebicle MOnitoring (AVM) System technology 

with buses instrumented to provide appropriate schedule control 

information to the driver . 
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A simple tract:able and, at the same time, instructive 

ap��oach for determining the effectiveness of schedule control is 

to impose the constraint X (t)SVot and to observe the steady state 

solution . 

If the bus route is very long, or i f  i� is circular 

(cyclical ), a reasonable choice f9r Vo is slightly less than the 

free dri ft velocity (i. e. , Vo=V- v). The parameter v can be 

optimi zed to achieve the best solution. One then expects a 

steady state distribution moving along with a speed V-v, but with 

unchanging variance after steady state conditions are achieved. 

In other words , the steady state or stable distribution will have 

a mean (i. e. , location mean) which increases at rate V-v, but its 

variance is constant. 

To analyze this model, a coordinate system moving with 

velocity V (the free flow velocity) is introduced. In this 

coordinate system, the free (uncontrolle� movement of the bus is 

pure random walk (diffusion) without. drift (as the drift velocity 

has been removed). If. represents the position density 

function , then it is known that for random walk without drift: 

3) 

Note that in this coordinate system (no drift velocity, so V=O) , 

equation 2 becomes: 

1 6  
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steady state distribution mOving along with a speed V-v, but with 

unchanging variance after steady state conditions are aChieved. 

In other words , the steady state or stable distribution will have 

a mean (i. e. , location mean) which increases at rate V-v,  but its 

variance is constant. 

To analyze this model, a coordinate system moving with 

velocity V (the free flow velocity) is introduced. In this 

coordinate system, the free (uncontrolled) movement of the bus is 

pure random walk (diffusion) without drift ( as the drift velocity 

has been removed). If. represents the position density 

function , then it is known that for random walk without drift: 

3) 

Note that in this coordinate system (no drift velocity, so V=O) , 

equation 2 becomes: 
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4) Pr eX et) <x) = _-.,:;::;;;;1� 

/2.11: J 
5) 

-co 

If .u = d (Pr(X(t)<X) ], 
iii 

�hen �u satisfies equation l. In general, equation 1 holds 

whenever the bus's motion is determined by the random processes 

alone (i.e., by the diffusion process be tween control acti ons) . 

!he b oundary conditions are determined by the control 

action, which requires (in the new goordinat9 system) that X(t)S

vt. The steady state solution will be a function of X+vt as the 

entire steady state distribution moves �lonq with velocity - v  

while its shape i s  unchanging with time. !hus, for the 

controlled case, �u saeisfies equation 1 as does �c (th� 

controlled density function) , Rut �c in the st�ady state mus� be 

of the form: 

�) �c(x, t) = f,x+vt) 

Irom equation 6, equation 3, the boundary condit ion X(t) S-vt and 

the normal ization requirement, �he iollowing equation can be 

obtained: 

7) �c(x. t) = 1 exp[+r(x+vt] 
r 

where r = 2v for x<-vt 
F' 
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The variance of the distribution defined by (7) is: 

1 = k. 
rz iii 

Since the whole distribution moves along at speed v-v (back 

now to the ordinary coordinate system) , the time variance for the 

bus arriving at a given location is derived by divi ding its 

distance variance by (V-v)·. to o btain k2/16v. (V-v) 2 .  The headway 

variance is obtained by multiplying the latter quantity by 2 ,  

since two independent buses contribute to the headway in this 

model. Thus: 

8 )  •• k = k2 
2v· (V-v)· 

gives the headway variance under this type of schedule control. 

Note that the bus's average speed has been slowed from V to V-v. 

!llhus, the headway is increased accordingly (for a constant number 

of buses on the route) : 

ho V = h(V-v), 

v + 
where ho is tbe uncontrolled ( undelayed) beadway and h is the 

controlled headway_ Tbus: 

9) h = b. . .1L = ho + h. -L 
V-v V-v 
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lquations 8 and � thus provide important tradeoffs between 

headway variance and aver age headway for the specif ied control 

.ttategy. lquat ions 8 and 9 can be used for determining average 

passenger waiti ng time f rom equation 1 in section 2.1. fassenger 

.waiting time provides a convenient criterion to optim ize in order 

to find the optimal value of v in the control s t rat�9Y. 

�ubstituti n9 equa�ion8 8 and 9 into the wait inq time �quation 

gives: 

10) W = 1 ho (1+-!- + k2 (V-V) ) 
2 v-v 2V2(V-v)Zb zv 

= lho (1t..!- + k2 ) 2 V-v 2yZ (Y-Y) Vh02 

TO simplify the analys is, it is assumed that v«v, so that: 

where 

1 1  ) W = -
2
' ho (1 + �V + It z ) 2y2h02V2 

= Wo + .v + !- = Wo + P + q 
V2 

Wo = lho 
2 , 

CI = .!la 
2V , 

fJ = kZ 
IIhoV2 , 

P = ClV , and 

q =L 
va 

19 



• 

W is minimized when 

12) p = 2q 

or 

13a) v3 = ll= 
CI 

If equation 10 is minimized with respect to v, without the 

approximation v«V, the exact �quation for the optimum value of v 

is: 

13b) v' :: (1 - 3 v ) kZ 
'2 V Vh;Z , 

or, in terms of the delay factor d� v/V (which repr�sents the 

average increase in bus transit time due to the control strategy): 

se turning to the simplified vers ion for ease of discussion 

and illustration, j;quatlon 13a thus pro,vides th'! optimum value 

fo r v tor the control strategy specified in this section. It is 

also interes ting to point out that from Equation 1�, the waiting 

t ime is optimized when that 2art of the waitin� time due to 

increased average headway (resulting from delays imparted by th� 

control §trat egy) - that is, p - is twice that part of the 

wait ing time due to headway variance - that is, �. Ihis result 

is consiste nt with that found in Section" for a more 
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comprehensive computer simuldticn model of the b us route and 

different headway control strate,g1es. 

Equation 13 can be trans formed i nto a nother interesting 

form. !ote that k is t he rate of increase of u ncontrollej 

po sition var iance with time (a2=kt) And so k./V2 is the r� tl! of 

increase of time variance with time. Setting 

1" ) -, = k 
Vi. 

Equation 13 becomes 

In term s of the delay factor , d, Equation 15 can ;b� represented aE 

�et��ng 72 denote the amount b y  which the time varianc� will 

increase in the time interval of one headway, ho, for an 

uncontrolled bus, the n T2=-,ho• !his means that if ":.he OUS 

operates without control for ho time units, its t ime headway 

varia nce increases by T2. Equation 16 thus becomes: 

11) 

�hich rela tes the o ptimum delay factor, d, to the r � te at which 

the time headway var iance grows in the space of one hea dway_ 
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probably the chief deficiency of the model developed in this 

section is the lack of an explicit representation of bus coupling 

due to passenger boarding. This effect may result in additiona l 

bus delays in order to achieve optimal control (i. e. , tighter 

control to further decrease headway variance at the expense of 

mean headway) . 

perhaps increased emphasis should be placed on headway 

variance over mean headways and instead of the waiting time, the 

payoff for headway control (with number of buses on the route 

held constant) should be measured by the amount of overloading 

(i. e. , number of buses having excess passengers). overloading is 

probably a stronger function of headway variance relative to mean 

headway than is mean waiting time. 

Thus , both on the basis of c�anges needed for more realism 

in the model, and on the basis of changes needed for more realism 

in the criterion for optimality, greater emphasis on the 

importance of headway variance over that of mean headway may be 

needed for optimal control. 

An example of the potential benefits in terms of average 

passenger waiting time, with the headway control strategy and bus 

route mode developed in this section , is presented next. 

Let the transit time of the route be 25 minutes and suppose 

that the buses run with 5 minute average headways and that the 

standard deviation of an uncontrolled bus headway at the end of 

the route is 5 minutes. Thus , ho=S minutes and for T=2S; 

2kT/V2=62=S2=2 5. Thus : 
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2k 2S = 2 S  
VZ 

and k = .� 
Vi 

For the uncontrolled route, the mean waiti ng time in the middle 

of the "route is given b y: 

For the controlled route, equation 8 yields: 

where d = v 
V • 

For the same parameters, equation 9 yields: 

b = ho V = hA- = 5 
l=V 1-d 1=4. 

Tha mean waiting time on the controlled route (aftar the 
, 

sta tionary variance is achieved) is: 

a2 ( 
• 

Wc = 1 h + 1 k = 5 1 + .005 .) 
'2 '2"1l '2 T=d dZ (1-d) 
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To min imize waitin g time, set dW /dd = O. So: 

Or: 

o = 5 ( ' - • 01 + • 005 ) 
'2 (1-d) Z d3 (1-d) dZ (1-d) 2 

dl = .01 - .015d 

(This equation is equivalent to equation 1lc.) 

This eq uation yields: 

d = .1923 

which, in turn, yields: 

w = � (-1-. .005 )=3.514 
c 2 1-d dZ (1-d) 

compar ed with the mean waiting time at the center of the 

route tor the uncontrolled case (i.e., 3.75), �e find an improve-

ment of: 

3.75 - 3.514 
3.75 = 0.063 

A. e  •• about 61. Thus, the improvement in waiting time ( for a 
\ 

constant number of buses on the route) is only 61 !!,nd this was 
\ . 

v achieved with a delay factor of 0 . 1923 (i.e •• the averag e bus 

transit time is increased by more than 1 91) . lhese r�sults .. 
indicate a broad minimum of waiting time witn respect to control 

intensity (i.e., the earameter d in the above �xample) and 
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probably can be taken as a further indication that other benefits 

(b�s overloading, etc., which are stronger functions of headway 

varian ce, are of more importance in ultimat ely selecting an 

optimal control policy. 

The relationships between average passenger waiting times, 

bus transit times and bus overloading are further investigated in 

Section .4 !or various headway control strategies, including the 

application of tra ffic s ignal preemption. 
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3 .  SIMULATED BUS PREEMPTION EXPERIMENT 

The objec�ive of this experimen� was to compare potential 

reductions in bus travel �imes with po�ential redmc�ions in bus 

headway standard deviations for different types and levels of 

traffic signal preemption based on real-world data. Data were 

gathered on ac�ual bus events (arriving times, departing times, 

passengers boarding and alighting , bus stop delays and signal 

delays) at a single interse=ion in Boston on the Harvard/Dudley 

bus route. This route is 3. 7 miles long and is operated with 

headways of about six to seven minutes from 7 :30-9 : 30 AaM. and 

from 1 : 3 0-7 : 00 P. M. and 1 2  minutes Otherwise (except 20 minutes 

in the la�e evening) . The route .passes three major connection 

poin�s with rapid transit and other bus routes. Also both 

�erminals are connection points. Scheduled round trip �imes vary 

between 46 and 66 minutes . The scheduled layover �imes are 9 

minu�es a� Dudley and 6 minutes at Harva�d. 

The observations were made be�ween 7: 30-9 :30 A. Me and 4: 00-

6:00 P. M. , on the northbound approac,ll of Massachuse�u Avenue at 

Beacon S�reet, on weekdays between June 28 and July 1 9 ,  1 978. 

These times represent peak periods in �erms of traffic volmme • 

The traffic volume on Massachusetts Avenue varied between 1 600-

2200 vehicles per hour (VPH) , while the Beacon street volume 

varied between 500-700 VPH. Beacon Street is one way wes�ound 

at this location. 
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The traffic signals at this intersection are part of a 

Cdmputerized traffic responsive control system. There are three 

modes of operation: pre-timed, semi-actuated and fully actuated. 

During the obs ervation times , the system basically operated in 

the pre-timed mode. There are 6 cycle lengths ranging from 60 to 

1 20 seconds and five splits ranging from heavy main stream to 

heavy cross stream ( 70/30 ) .  During the observation times , the 

cycle lengths varied between 90  and 1 1 0  seconds with a s ignal 

split of 60140 favoring the main stream (Massachusetts Avenue) . 

The cycle included a 3 second yellow interval and concurrent 

walklno walk phases. 

A sample of 223 bus es was observed. The headway average and 

standard deviation in this sample were 7 minutes 7 seconds and 3 

minutes 41 seconds respectively. The reference point for 

computing the response measures (i. e. , bus travel times and 

headway standard deviation reductions) was the time the bus 

entered the intersection relative to the traffic signal phase. 

Three levels of traffic s ignal preemptions for buses were 

simulated. 

Preemption Level ! allowed a 10 second green extension. 

Preemption Level � allowed a 10 second green extension or a 

1 0  second red truncation. 

Preemption Level 1 allowed unlimited preemption. 

Thus the preemption levels ranged from a conservative system 

(level 1 )  to a liberal system (level 3) in terms of favoring the 

hus. The simulation did not include the effects of bus detector 
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location or dwell time at the bus stop. Rather, the simulation 

ol preemption was based solely on the observed traffic signal 

delay times. Thus if a bus were delayed 8 seconds , it would 

qualify to gain 8 ��cQPds under preemption level 2 and preemption 

level 3 ,  b�t no time under preemption level 1 (assuming a 1 0 0  

second cycle and 60/40 spiit) . If a b us  were delayed 1 2  seconds , 

it would quali fy to 
'
gain 1 0  seconds under preemption level 2 , 1 2  

seconds under preemption level 3 and no time under preemption 

level 1. Finally, if a bus were delayed 32 seconds , it would 

qualify to gain 32 seconds under all three levels of preemption. 

TWO types of preemption were granted. 

Unconditional preemption was granted to all buses delayed by 

the traffic si gnal regardless of the headway to the preceding 

bus , but subject to the constraints of the level of preemption. 

Selective preemption was granted only to those buses delayed 

by the traffic signal whose headway to the preceding bus was 

greater than the average headway (7 minutes 7 seconds) , also 

subject to the constraints of the level of preemption. 

The new headway averages and standard deviations after the 

simulated preemptiOns were computed by readjusting the raw data 

base (bus departure times ) to account for the times gains from 

each preemption. "Estimated passenger waiting time saved" was 

determined from the waiting time equation presented in Section 

2.1. It should be pOinte d out before examining the results of 

this simulated experiment that the intent of selective preempti on 

is to reduce the headway standard deviation and, hence, the 

2 8  



passenger waiting time. By contrast, unconditional preemption is 

generally employed to reduce the bus transit time. 

The results of the simulated experiment are shown in i'able 

1. As mi ght be expected, the average headway remained virtuall y 

unchanged regardless of the level or type of preemption. With 

unconditional preemption , the average time s avings for the 

delayed buses ranged from 1 6-24 seconds and for all buses, 7-1 1 

seconds. With selective preemption, these values were reduced by 

about half. Again, this was expected based on the assumption of 

a symmetric headway distribution (i. e. , about half of the buses 

had . . headways to the preceding bus that were greater than the 

average headway) . 

The reduction in headway standard deviation ranged from . 9% 

to 1 . 81 with unconditional preemption, and from 2. 3 1  to 3. 61 with 

selective preemption. The fact that the lowest percentage (. 91) 

occurred with the most liberal preemption level (level 3) with 

unconditional preemption is not altogether s urprising : as 

mentioned above, the control technique with unconditional 

preemption is intended to reduce transit time but not necessarily 

the headway standard deviation. In fact, it is possible for the 

headway standard deviation to increase with unconditional 

preempti on. The estimated passenger waiting time saved ranged 

crom 1.1 seconds to 2. 1 seconds with unconditional preemption, 

,Ind from 3.0 seconds to 4. 3 seconds with sel ective preemption. 

Thus , sel ective preemption offers the advantage of redUCing 

passenger waiting time by a factor of 2 compared to unconditional 
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Preemption 

Level 

1 

2 

3 

Preemption 

Level 

1 

2 

3 

) " 

TABLE 1. RESULTS OF S I MULATED BUS PREBfPTIO� EXPERI MENT 

Unconditional Preemption 

Mean Headway 
Average Bus Transit Reduction 

Time Saved in 
Headway 

Delayed All Standard 
Mean Standard Deviation Buses Buses Deviation 

7 min. 7 sec. 3 min. 38 sec. 16 sec. 7 sec. loU 

7 min. 6 sec. 3 min. 37 sec. 21 sec. 9 sec. 1.81; 

7 min. 6 sec. 3 min. 39 sec. 24 sec. 11 sec. .9'; 
-----

Selective Preemption 

Headway Average Bus Transit Reduction 
Time Saved in 

Headway 
Delayed All Standard 

Mean Standard Deviation Buses Buses Deviation 

7 min. 7 sec. 3 min. 36 sec. 9 sec. 4 sec. 2.3'; 

7 min. 6 sec. 3 min. 33 sec. 11 sec. 5 sec. 3.6'; 

7 min. 6 sec. 3 min. 33 sec. 13 sec. 6 sec. 3.6'; 

Estimated 
Passenger 

Waiting 
Time 

Saved 

1.6 sec. I 
2.1 sec. 

1.1 sec. I 

Estimated 
Passenger 

Waiting 
Time 

Saved 

3.0 sec. 

4.3 sec. 

4.3 sec. 
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preemption, but at the cost of increasing re�ative transit time 

by the same factor. perhaps more importantly, selective 

preemption was accomplished with about half as many preemptions 

(10 1 vs 54 for level 3) . The impact on other traffic would thus 

be expected to also be about half. Although the average savings 

may not be large (1 - 1 1  seconds) , this an�ysis indicates that, 

with equal benefit weighting on transit time saved and passenger 

waiting time saved, selective preemption for bus headway control 

is more advantageous than unconditional preemption for reducing 

bus transit times. Furthermore, as mentioned earlier, passenger 

waiting time savings could be weighted more heavily than transit 

time savings on local service bus routes , thus making the 

advantage for selective preemption even greater • 
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4 .  D�VELOPMENT OF BUS ROUTE SIMULATION MODEL AND 
EVALUATION OF HEADWAY CONTROL STRATEGIES 

This section describes the development of a bus route 

simulation model and evaluation of headway control strategies 

using the model. The model explicitly considers individual buses 

moving along a bus route, passengers interacting with each bus at 

bus stops along the route , and " delay" and "advance" strategies 

affecting each bus. The Ifadvancen strategies essentially 

represent traffic Signal preemption. 

4. 1 SIMU�ION MODEL 

Figure 4 shows the general functional inputs and outputs of 

the simulation. The model is structured to allow the variation 

in route length through tbe input of the number of links , a link 

being equivalent to a city block of roughly 750 feet. The 

simulation is run witb 60 blocks (approximately 8. 5 miles) for 

the purposes o f  these experiments. A mean travel time per block 

and an associated variance are specifi ed. Buses travel along a 

link and stop for passengers to board and alight. Ten buses are 

on the route initially, equally spaced along the route. Buses 

a�e then dispatched at a constant rate of one ' every five minute s. 

Passenger arrivals at stops are calcu�at�d from a 

probabilistic distribution specified by the user , while 

a lightings occur at a rate of 1 0. of the load ' per stop. In thi s 

study, passengers arrive at each stop at a uniform random rate 

with a mean of 0. 8 pass engers per minute. A constant boarding 
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CONTROL COND ITI ONS 

BUS MOVEMENT DATA 

( I NPUT AFTER EACH 

SER IES OF I NTER

ACTIONS) 

- AVG. SPEED (RANDOM 

VAR IABLE) 

- NO S K I PP I NG STOPS 

NO PAS S I NG 

� 

PAS SENGER DATA 

- PROB e OF PASSENGER 

ARR I VI NG AT EACH STOP 

- BOARD I NG TIME/PAS 

SENGER 

- % OF PASSENGERS ON 

BOARD ALI GHTI NG AT 

EACH STOP 

II 

/' ROUTE CHARACTER I ST I CS 

-FREQUENCY OF I SSU I NG I � I 
CONTROLS 

S I M U L A T I O N I -LENGTH .. I -NO. OF BUSES ON 

-HEADWA Y TOLERANCES 

-PROBAB ILITIES OF 

I SSU I NG CONTROL 

* 

OUTPUT 

- HEADWAY D I STR I BUTION 

- PASSENGER LOAD 

DI STR I BUTION 

- PASSENGER WAITI NG TIME 

- NO. OF DElAYS I SSUED 

- NO. OF ADVANCES I SSUED 

- BUS TIME I N  SERVI CE 
(A VERAGE SPEED) 

F I GURE 4 .  GENERAL S I MULAT I ON STRUCTURE 

I N ITI ALLY 

-POS ITI ONS 

-DISPATCH RATE 
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tiBle of 4 . 5  seconds per passenger is used in this study. Total 

transit time per block equals the random base transit time plus 

the time spent for passenger transactions. 

No two buses can travel the same link simultaneously. 

Skipping stops and bus passings are not permitted. Initial route 

conditions ,  including the number of buses and their distribution 

along the route, are ' input at the start of the simulation. 

In employing headway control ,  groups of three buses are 

examined with focus on the middle bus. This is essentially done 

for each bus on each link of the route (see next section) . The 

headway to the bus abead of the subject bus and to that of the 

bus behind are compared, and delays and/or advances are granted 

according to input conditions. 

TwO types of headway control strategies are investigated in 

this section. The first type of control delays buses that are 

running ahead of the average route headway. The second type of 

control "advances" buses that are running behind the average 

route headway. This "advance" contr.ol simulates signal 

preemption. The two types of control strategtes are discussed 

further below. 

4. 2 DESCRIPTION OF THE EXPERIMENTS AND HEADWAY CONTROL 
STRATEGIES 

Each experiment to test the effectiveness of a particular 

headway control strategy consists of fourteen 1 00-minute 

simulated runs . The program calculates the average headway, the 
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headway variance, the mean passenger waiting time, the average 

and variance of load per bus per block, and the number of times 

each control was implemented. Relevant operational parameters 

were tabulated and reduced for analysis. 

Five headway contr ol strategies (including the base or free 

state with no control) are evaluated with the simulation model. 

4 . 2 . 1  Free State - N o  Control 

This experiment uses neither delay nor advance controls . 

Upon being dispatched at intervals of' five minutes , buses proceed 

from . stop to stop, allowing passengers to board and alight .. 

4 . 2 . 2 Delay-Only-Control 

I f  the time difference from the subject bus to the bus ahea d 

of it is greater than the time difference to the bus behind it by 

90 seconds or more, (implying that the subject bus is running too 

fast in relation to the t wo adjacent buses) , delays of 4S seco�s 

are issued to the subject bus. This delay control is cancelled 

i f  the headway to the bus in front exceeds S minutes. This 

method of control effectively si mulates a bus stop delay strategy 

and is typical of most transit operations, although scheduled v s .  

actual times at stops, ratber than relative headway, is usua lly 

the initiating factor. This is primarily due to the ease of 

implementation . Headway control may be a more desirable means of 

rectifying bus distribution imbalances , especially on short 

headway routes where the fr�quency of buses is higher , and an 
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imbalance in the arrival of a number of buses in a short period 

�f time is more noticeable. 

q .2. 3 Advance Only Control 

An advance of 1 5  seconds is granted in every block with a 

probability of 10 1 if the difference between the headway to the 

bus ahead of the subject bus and to the bus behind is greater 

than 30 seconds. rbis ef fectively simulates a very conservative 

signal preemption system (in terms of favoring the bus) at every 

intersection (block) , or a liberal signal preemption system at 

every fi fth intersection. 

q . 2 a q Delay and Advance control 

The same operational parameters relevant to the "delay-only"  

and the "advance-only" co�trol initiate this combination of 

"delay and advance" control. 

q . 2 . 5 Delay and Unlimited Advance Control 

This experiment is identical to the I'delay and advance " 

control , except that advances are issued independent of the 
I 

!f,I lift' 
headway distribution of the buses (i. e. ,  the above headway 

incl uded) • This strategy , 

, 
the 1 01 probability factor is sti ll 

together wi til the previous stratl�y, 

constraint is removed, but 

thus permits a direct comparison between selective preemption 

(headway constraint imposed) and unconditional preemption 
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(headway constraint removed) which is the common type of signal 

preemption employed. 

iJ. 3 Ri.SULTS OF EXPERIMENTS 

Table 2 summarizes the results for eacb type of headway 

control strategy. In ass essing the merits of eacb type of 

control , it should be pOinted out that the " no control" strategy 

is probably not typical o f  most tzansit companies, since most 

already employ some degree of "dE�lay" control. If such an 

uncontrolled route did exist , bo�ever, the improvement possible 

by utilizing the "delay-only" control would be substantial. 

Table 2 shows that waiting time decreases by 521, while the load 

variance decreases by 881. On the other hand, the "advance only" 

strategy yields only a 2 . 81 decrease in waiting time and a 1 iJ� 

increase in load variance. The differences between these two 

strategies are partially offset by the fact that tbe "delay only" 

strategy increases the transit time cy about 1 7 1 ,  while the 

"advance only" strategy decreases the transit time by about 4". 

(These fi gures are obtained from the average number and length of 

delays or advances . )  However , the net result appears to be that 

the "delay only" strategy is substantially more effective than 

the "advance only" strategy when both are compared to "no 

control. " These results are not unreasonable wben one considers 

tl�t the advance strategy (i. e. , signal preemption) is quite 

limited in the level of time change, both practically and in the 

simulation anodel , when compared to the delay strategy. 
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CD 

CONTROL 
STRATEGY 

NO CONTROL 
(FREE 
STATE) 

DELAY 
ONLY 

ADVANCE 
ONLY 

DELAY & 
ADVANCES 

DELAYS & 
UNLIMITED 
ADVANCES 

. '  

AVG. 
HEADWAY 

5. 03 

4.98 

4. 96 

4. 98 

4. 99 

TABLE 2 .  SUMMARY OF S I MULAT I ON RESULTS 

AVG. 
HEADWAY WA IT. AVG. LOADI LOAD 

VARIANCE TIME BUSILINK VAR IANCE 
(S . D. )  

37. 69 2444. 62 
6. 14 39. 44 

(6. 14) (49.44) 

4. 42 
2. 93 34. 85 

277. 78 

(2. 10) 06.61) 

34. 98 
5. 97 39. 82 

2784. 97 

(5. 9U (52. 11' 

3. 20 
2. 81 32. 43 

206. 82 
0. 78) 04. 38) 

3. 05 186. 21 
2. 11 33. 43 

(1. 15) (13. 65) 

.' 

AVG. AVG. NO. 
NUMBER OF OF ADVANCES 

DELAYS I (PPEEMPTI ON$If 
100 MIN. RUN 100 MIN. RUN 

0 0 

613. 7 0 

0 136. 5 

533. 57 46. 93 

634. 61 111. 42 



The " delay only" strategy produced results that are probably 

typical of operations on sbort beadway routes wbere bus-bunching 

is not severe. Limited observations under such operating 

• conditions have shown that the standard deviation of beadways was 

roughly half the mean headway. ( l l )  The "no control" strategy 

produced results that probably exemplify the multiple-bus

bunching situation, since this was observed in the simulation. 

Thus , results of the "delay only I' strategy will be considered the 

base case from which the benefit of the "advance" control cases 

can be assessed. Accordingly, fr9m Table 2 ,  the "delays and 

advances " control strategy yields benefits in waiting times , load 

distribution, and transit time. Compared to the "delay only" 

strategy, waiting time, load variance and transit time decreased 

by 4 �, 26� , and 3. S�, respectively, with "delays and advances'l 

strategy. However , with the "delays and unlimited advances" 

strategy , the decreases were S�,  3 1 1 ,  and 2 . 5�, respectively. 

Thi s was surprising since a greater improvement in waiting time 

and load distr ibution was expected with the "delays and advances" 

strategy (advances were granted specifically to offset the 

headway imbalance with this strategy) . Furthermore , a greater 

improvement in transit time was expected with the " delays and 
• 

• 

unlimi ted advances " strategy since, by design, more advances 

(preemptions) are allowed. Nevertheless , differences between the 

two strategies are minor and are due to the coupling effect 

between the delay and advance components of the control 

strategies. From Table 2 ,  it is seen that , indeed, more advances 
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are granted with the unlimited advances ( 1 1 1 , vs. 41)  and th� 

difference between advances is even larger than that between the 

average number of delays ( 2 1 2 vs . 1 18) . However , the 

overcompensating factor is the fact that the lengtb of the delays 

(45 seconds) is larger than the length of the advances ( 1 5  

seconds) . 

In summary, the "delays and advances" (selective preemption) 

strategy is perhaps superior to the "delays and unlimited 

advances " strategy since , essentially, the s ame improvement in 

terms of passenger waiting time, load variance and transit time 

can be achieved with either strategy , but the "delays and 

advances " (selective preemption) strategy requires less than ha lf 

the number of preemptions required by the "delays and unlimited 

advances " strategy. This , of course , has favorable implications 

on the impact on other traffic. 

The level of improvement of the " delays and adVances" 

strategy over the "delay only" strategy is not large in terms of 

reduced passenger waiting time ( 4 ') and reduced transit time 

( 3. 51) . However, as mentioned earlier , the advance strategy is 

conservative, and perhaps too conservative� The number of 

preemptions granted, (41)  per 1 0 0 minutes, translates into about 

1 preemption every two hours per intersection. It would seem 

that thi s  coul d be relaxed somewhat, thus providing additional 
, ' 

improvements without s everely increasing the impact on other 

tra ffic. The tradeoffs between these parameters will be the 

subject of a follow-on effort to investigate the application of 
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tra f fic signal preemption for bus beadway control. Additionally , 

the �elative importance of other measures, including load 

variance and its effect on bus overloadings , will be studied. 

� The relatively large improvement in load variance (261) suggests 

that this could be a more important measure of effectiveness than 

either passenger waiting time or transit time. 

4 . 4 FUTURE SIMULATION DEVELOPMENT AND ANALYSIS PLANS 

• 

The extended effort mentioned above on studying the 

potential of bus headway control requires further simulation 

d.evelopment. While the s imulatio,n model is currently suitable 

for making preliminary findings , certain assumptions were made in 

the development stages out of convenience that require refinement 

before more conclusive findings can be achieved. The model 

represents a route of sixty links , or blocks of equal length, 

with bus stops located at the end of the each block. Buses are 

dispatched at a fixed rate. Demand patterns , i. e. , arrival rates 

at bus stops and alighting rates from buses, are equal for the 

entire route. These parameters or characteristics will be made 

variable in the simulation. Real-world data will then be 

utilized to calibrate the model ,  introducing realistic values for 

the operational parameters. Additional route\ characteristics 

will also be incorporated in the model. These include the 

following : 
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4. 4.1 Passenger Demand 

Realistically, passengers are more likely to board at the 

beginning of the route than at the end, and to alight at the end 

,- rather than the beginning. Passenger demands will therefore be 

represented by more typical boarding and alighting patterns (trip 

distributions) .  

4. 4. 2 Bus Acceleration/Deceleration 

Currently ,  these rates are incorporated in average travel 

times. In the expanded model, buses will be represented 

microscopically. That is , the individual trajectories of each 

bus will be calculated for each block. This will provide a more 

accurate representation of bus time savings with signal 

preemption. 

4. 4. 3 Traffic Signals 

currently ,  traffic s ignals are not specifically modelled. 

In the expanded model , S imple traffic signal timing patterns wi ll 

be represented (cycle lengths , splits and offsets) . 

4. � . � Route Structure 
• 

The route will be structured to allow for variable block 

lengths , variable location of bus stops, multiple lanes , passing 
Q 

of buses and skipping of stops. 

� 2  
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4 . q . 5 Bus capacity 

C urrently, there is no limit to the number of passengers 

that a bus can accommodate. Realistic bus capacities will be 

�. incorporated into the expanded model. This parameter will affect 

both the waiting time and load variance parameters. 

• 

• 

4 . 4 . 6  Other Traffic 

Buses are the only vehicles currently modelled in the 

simulation. General traffic will be incorporated and described 

macroscopically, employing aggregate flow variables. This will 

permit a study of the impact that various headway control 

strategies have on other traffic. 

With the expanded s imulation model, specific evaluations of 

the incremental benefits of various signal preemption strategies 

will be performed, including the impact on other traffic. 

Parametric studies will be conducted involving bus preemption 

variabl es , traffic variables and route characteristics to 

determine their effect on potential benefits and impacts. The 

variables to be investigated will include location of bus stops , 

tra f fic signal cycle length, split and offset, bus dispatch 

headway rates , levels of preemption,  traffic demand, passenger 

demand, spacing between intersections and number of traffic 

l�e� 

4 3  



ii' 

• 

s .  POTENTIAL IMPACTS ON OTHER TRAFFIC 

This section provides an estimate of the potential impacts 

on other (cross-street) traffic tbat different levels of 

preemption systems bave in terms of increases in delay time and 

number of stops at intersections . The three levels of preempti on 

systems range from liberal to conservative in terms of favoring 

the bus with a concomitant expected impact on other traffic. rbe 

estimates are based on si mulation experiments conducted by the 

Mitre Corporation ( 1 3 ) ( 1 4 ) ( ' . )  between 1 9 73-1 976 using the Urban 

Tra ffic Control System (UTCS) bus priority simulation now called 

NETSIM. The Washington , D.C. urban street network shown in 

Figure 5 was used in the simulation runs. The bus preemption 

system detection zones are also shown; the signals affected by 

them are at the downstream nodes . The signal cycle length used 

throughout the network is 80 seconds , with approximately 50- 50 

splits. Twenty different bus routes traverse the network. 

were : 

The three levels of preemption system ( algorithms) examined 

1 .  Unconditional preemption with return � timing pattern. 

preemption is granted wbenever a bus requests it. 

After all buses leave the detectioQ zone , the algorithm 

returns to the interval that would have been in effect 

i f  no preemption bad been granted, thereby retaining 

traffic signal coordination. The average bus headways 

during these tests were approximately four minutes. 
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2 .  Green extens ion of 1 0  seconds. ��� ����== -- --

A maximum extension of 10  seconds is gran�ed if a 

detected bus is predicted to enter the intersection 

during the extension. Bus transit times and bus stop 

dwell times are considered in the prediction. No other 

changes occur in the timing pattern. The average bus 

headways during these tests were approximately four 

minutes. 

3. Green extension gf 12 seconds. 

This system was the same a s  level 2, except that the 

average bus headways were somewhat greater than four 

minutes , and there were fewer intersections equipped to 

provide signal preemptions. 

Each system was run on different bus routes , so only impact 

cha nges from the base conditions were examined. Four-minute 

headways corresponds to a bus arriva1 approximately every third 

cyc le for the traffic network simulated. Also, the simulations 

of each system were run under A. M. peak period (heavy) traffic 

conditions. 

The traffic impact results are shown in Figure 6 .  Increases 

in delay time and stops are shown as a function of preemption 

system level, and nearside/farside bus stop location. 

The location of the bus stop had a substantial impact on 

other tra ffic. This was probably due to the longer preemptions 

required for preemption s ystem level 1 and the added uncertainty 
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introduced in trying to predict bus arrivals at the intersections 

for preemption system levels 2 and 3 .  

Also, as might be expected, the liberal traffic preemption 

system (level 1 )  had the' largest impact on other traffic , with 

delay time increasing by 1 2 .  and number of stops by 1 6 1  (for 

nearside bus stop locations) .  For the conservative system (level 

3) , the impacts were kept to within 2 • • The author of the Mitre 

reports concluded that " most of the detrimental effect to cross

street traffic results from a few long preemptions that the 1 0-

second maximum screens out. The damage done when this occurs 

cannot then be undone by hindering later preemptions • • •  By simply 

incorporating a maximum allowable preemption time in an otherwise 

unconditional algorithm, most of the benefits of an unconditional 

bus preemption system are achievable and most of the harm to 

other vehicle traffic is avoided. "  Figure 6 ' thus provides an 

indication of the degree of impact on other traffic that might be 

expected with different levels of traffic signal preemption 

systems. 

With a selective tra ffic sigpa1 preemption system for 

contro11ing the headway of buses ,  the degree of impact on other 

traffic would be expected to be ha1f that shown in Figure 6 (due 

to the reduced requirement of selective preemption as discussed 
. . 

in the previous sections) .  Even further requctions in the impact 

on other traffic would be expected with average bus headways 

greater than four minutes . Thus , it is estimated that the impact 

On other traffic with selective traffic Signal preemption (for 
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. ' 

• 

'controlling bus beadways) and five-minute average bus headways 

would be about 5-61 with liberal preemption, " and about 1 1  with 

conservative preemption • 
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6. CONCLUS�ONS AND FUTURE PLANS 

Analyses were conducted showing that traffic signal 

preemption is a viable concept for controlling the headways of 

buses on short headway routes , reducing passenger waiting time, 

bus load variance, and bus in- service time" while minimizing the 

impact on other traffic. The analyses included the following : 

an examination of passenger waiting time as a function of average 

bus headway and headway variance ; the development of a simplified 

bus-route model and control strategy, a functional relationship 

between the control parameter and headway characteristics , and 

evaluation of the control strategy; a simulated bus preemption 

experiment to estimate the range of headway variance reductions 

with different levels of preemption ; the development of a 

simulation bus-route model to evaluate various headway control 

strategies ;  and an assessment of the impact on other traffic 

based on previous simulation experiments. Although the benefits 

were not substantial , the analyses indicated that selective 

tra ffic signal preemption for controlling the headways of buses 

on local service routes provides a more cost-effective use of 

tra ffic signal preem�ion systems than unconditional preemptions 

for reducing the transit time of buses in CBD grids and on 

arterials. 

Future plans call for the expansion of the simulation model 

to provide more realism to the analysis (e. g. , with the addition 

of traffic impedances , bus capaCity, accelera�ion and 
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deceleration characteristics of the buses, and specific traffic 

_1ghal timing patterns) . The model will treat all buses 

microscopically (i. e. , the individual traj ectories of each bus 

will be calculated on each network link) . General traffic will 

be described macroscopically, employing aggregate flow variables 

rather than explicitly considering individual vehicles. The 

model wi ll be used for analyzing the effectiv�ess of genera l 

transit route control tactics and the incremental benefits of 

specific traffic signal preemption strategies. The potential 

impact on other traffic wi�l also be analyzed. Evaluations will 

be conducted for both a generic data base and a site-specific 

data base. For the generic case , a parametric study wil� be 

cond�ted involving bus preemption variables , traffic 
, 

vari ables , and route characteristics , to determine their effect on 

potentia� bene fits and impacts. The variables to be investigated 

wil l include: �ocation of bus stops , traffic signal cycle 

length , split and offset , bus dispatch headway rate, �evel of 

preemption strategies , traffic demand, passenger demand, spacing 

between inters ections and the number of traffic lanes. The site 

specific case will be the Los Angeles central Business District 

(CBD) . Parametric analyses wil� be conducted as in the generic 

case where appropriate. 

Field tests are also being planned to evaluate the most 

effective preemption strategies determined from the simulation 

results. The tests will be conducted on faci�ities with existing 

tra ffic signal preemption systems and also i" the Los Angeles CBD 
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as an adjunct to comprehensive tests and evaluations scheduled 

fbr 4h Automatic Vehicle Monitoring (AVM) system for multi-fleet 

users. ( t 6 )  
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