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Energy and Emission Consequences of 

Improved Traffic Signal Systems 

SUK JUNE KAHNG AND ADOLF D_ MAY 

The primary objective of this study was to evaluate the impacts of selected 
strategies for improvement of traffic signal systems and to develop policy 
guidelines for the strategies in light of current realities such as increasing 
passenger delay on surface streets, high costs and scarcity of fuels, and con
cern about the environment. The existing simulation and optimization model, 
TRANSYT6C, was applied to a selected study arterial, San Pablo Avenue in 
Berkeley, California. Two basic categories of traffic signal timing improvement 
strategies were evaluated: (al splits and offsets optimization and (bl optimal 
cycle length selection. A series of sensitivity analyses was conducted to de
termine variations in the impact effects of the strategies under different 
operational environments in terms of changed levels of traffic flow. The 
effects of different objective functions were also investigated and included. 
The major findings of this investigation include the following. For a given 
cycle length, optimization of splits and offsets based on either the minimi
zation of passenger delay or fuel consumption also led to near-minimum value 
for all other measures of effectiveness. Passenger delay and vehicle emission 
were further reduced by shorter cycle lengths; however, total stops were fur
ther reduced by longer cycle lengths. Fuel consumption was relatively less 
sensitive to changes in cycle length. As the level of traffic flow increased, a 
moderate cycle length rather than a short cycle length was preferred in order 
to minimize fuel consumption. Trade-offs between passenger hours saved 
per gallon of fuel consumed were identified for different cycle lengths and 
flow levels. 

In recent years emphasis in transportation planning 
has shifted from long-term, capital-intensive, 
capacity-increasing construction projects to 
shorter-term, relatively low-cost projects aimed at 
using existing transportation facilities more effi
ciently. The importance of energy conservation and 
environmental impact analysis is also being 
stressed. This trend in the transportation engi
neering field placed heavy emphasis on transporta
tion system management (TSM) as a part of the plan
ning process and as a prerequisite for improvements 
to increase the capacity of the urban transportation 
system (.!_). One of the typical elements of TSM 
planning is optimization of traffic signals in terms 
of energy saving, reduction in vehicle emissions, 
and increase in the productivity of transportation 
systems. 

Control of traffic signals is by far the most 
common type of control at heavily trafficked inter
sections in urban areas. Inefficient use of the 
transportation system results when traffic signals 
are set without the aim of optimizing them. The 
byproducts of such situations include greater fuel 
consumption, increased vehicle emissions, increased 
travel time, higher accident rate, and less reliable 
services. According to Federal Highway Administra
tion (FHWA) data CI>, fuel consumption could be 
reduced by 100 000 barrels of crude oil per day if 
the timing of the 130 000 coordinated, signalized 
intersections that currently exist along the na
tion's urban streets were made optimum. Thus, 
signal retiming optimization is regarded as one of 
the most obvious TSM strategies to implement and one 
of the most cost-effective energy, pollution, and 
cost-conservation measures available in transporta
tion. 

Signalized intersections can be classified into 
two types: (a) an individual intersection and (b) a 
network that is comprised of two or more intersec
tions and streets that link those intersections. For 
the analysis of individual intersection capacity and 
performance, the critical movement method (3) is 
being developed as a part of a National Coope;ative 

Highway Research Program (NCHRP) project. Other 
useful analytical methods include the U.S. highway 
capacity manual (HCM) (4, pp. 111-159): British (5), 
Australian (6), Swedish models (7): the sig;al 
operations analysis package (SOAP) (8): and network 
simulation (NETSIM) (2.) methods. For an arterial 
network that is comprised of a number of signalized 
intersections, the coordination of traffic signals 
along the route is regarded as one of the most 
efficient ways to improve total system performance 
by reducing delay, stops, fuel consumption, and 
vehicle emissions. Cycle length, splits, and offsets 
of traffic signals in the system need to be evalu
ated and made optimum to improve total system per
formance. 

One of the most important analytical tools of 
signal time optimization in arterial network is 
computer simulation. Traffic simulation models can 
be used to analyze existing conditions as well as to 
predict the shorter-term and longer-term impacts of 
traffic control strategies on selected measures of 
effectiveness (MOE) like fuel consumption, vehicle 
emission, travel time, and number of stops. In 1973 
modeling efforts for arterial networks in terms of 
signal optimization were initiated by the Institute 
of Transportation Studies (ITS) of the University of 
California at Berkeley. A literature review re
vealed the existence of the traffic network study 
tool (TRANSYT) (10) model, developed by the British 
Transport and Road Research Laboratory (TRRL) , that 
could perform similar tasks. Many versions of the 
TRANSYT model have been developed by various organi
zations throughout the world to meet their transpor
tation needs. These modified TRANSYT versions 
include TRANSYT/6 (11), TRANSYT6C (12), TRANSYT/6N 
(13), TRANSYT/7 (14)-;-TRANSYT7F (15)-;-and TRANSYT/8 
( 16) • The developers and featti"res of several 

TRANSYT versions are included in Table 1. Although a 
traffic performance measure such as delay or travel 
time is often the only impact considered in most 
versions, the newly arising conei<:ferations-o~~ 
fie management in terms of fuel consumption, vehicle 
emission, and priority treatment are addressed 
directly in the TRANSYT6C model. This model is 
selected for the purpose of this study because 
emphasis is placed on various impacts evaluations 
and more flexible objective functions. 

TRAFFIC SIGNAL UPGRADING TOOL 

Investigation of traffic signal upgrading strategies 
in the field can be expensive and time consuming. 
Unexpected and unnecessary congestion may result and 
cause negative citizen reaction. There is a need to 
develop and use computer models to evaluate the 
impacts of various strategies for upgrading traffic 
signals in different operating environments. 

Overview of TRANSYT6C 

TRANSYT6C is a macroscopic, deterministic model used 
to simulate and optimize arterial network signal 
timings. The model is based on TRANSYT/6 (11), 
developed by TRRL, and was extended and testedby 
Clausen, Jovanis, May, Kruger, and Deikman at ITS to 
include fuel and emission estimates, spatial and 
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Table 1. Developers and features of TRANSYT versions. 

Model Developer Date 

TRANSYT/ 1 D.I. Robertson, 1967 
Transport and Road Research Laboratory 

TRANSYT/2 Transport and Road Research Laboratory 1968 
TRANSYT/3 Transport and Road Research Laboratory 1970 
TRANSYT/4 Transport and Road Research Laboratory 1971 

TRANSYT/5 Transport and Road Research Laboratory 1972 

TRANSYT/6 Transport and Road Research Laboratory 1975 

TRANSYT/6C P. Jovanis, A.D. May 1977 

TRANSYT/6N R. Akcelik, National Capital Development 1978 
Commission 

TRANSYT/7 Transport and Road Research Laboratory 1978 
TRANSYT/7F C. Wallace, K. Courage 1981 
TRANSYT/8 Transport and Road Research Laboratory 1980 

Figure 1. Overview of TRANSYT6C model. 
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Figure 2. Structure of fuel-consumption submode(. 
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demand responses, and reformulated objective func
tions. The results of their research have been 
documented in various papers and research reports 
(12,17-19). 
-The ~ogram requires as input a description of 

the roadway design, flow pattern, and signal strat
egy. The model represents vehicles as platoons that 
change as vehicles proceed through signals and 
disperse along a route. The arterial network is 
represented as a series of nodes (intersections) 
connected by a series of unidirectional links. It 

provides as output traffic performance for each link 
measured by the following variables: estimate of 
the fuel consumption and vehicle emission impacts, 
time spent, distance traveled, uniform and random 
delay, number of stops, maximum uniform queue, and 
degree of saturation. The individual link values 
are sununed to arrive at measures of system perfor
mance. Traffic signal optimization uses hill-climb
ing techniques that search the response surface for 
a minimum value of a performance index. After the 
signals are optimized, the demand response submodel 
may be engaged. After the demand response occurs, 
the signals may be optimized again for the new flow 
conditions. An overview of the TRANSYT6C model is 
shown in Figure 1. 
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Table 2. Adjustment factors for change in fuel economy by year. 

Year 

1974 
1975 
1976 
1977 
1978 
1979 
1980 

Factor 

1.000 
1.000 
0.980 
0.955 
0.931 
0.902 
0.871 

Year 

1981 
1982 
1983 
1984 
1985 
1986 
1987 

Factor 

0.831 
0.791 
0.747 
0.748 
0.670 
0.638 
0.612 

Figure 3. Overview of vehicle emission submode! . 
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Since energy and cost saving is a prime concern, the 
capability of the TRANSYT model to predict vehicle 
emission and energy consumption is becoming one of 
its most important features. With this model, users 
can generate optimal signal settings that will 
minimize a weighted formula of fuel, emissions, 
delay, and stops and also differentiate between 
priority and nonpriority ve~icles. The model can 
also be used to evaluate alternative design and 
control plans with reversible lane, priority lane, 
and one-way street operations. 

Fuel Consumption 

Energy estimates in the TRANSYT6C model are based on 
fuel-consumption rates developed by Claffey (3.Q.). 
The tables are entered for each link by using traf
fic data developed from TRANSYT output and a series 
of user-specified values that describe geometric 
conditions. All values between table entries are 
obtained by linear interpolation. The three driving 
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aspects considered in computation of fuel consump
tion are cruise, acceleration-deceleration, and 
stopped time. Additional computations are made to 
this procedure to calculate fuel consumption for 
priority vehicle links. Overall structure of the 
fuel-consumption submodel is shown in Figure 2. 

Automobile fuel economy has been improving 
steadily over the last few years and will continue 
to improve in the future: therefore, a method of 
updating the fuel figures in the model may be 
needed. Based on a California Department of Trans
portation report (21), annual adjustment factors for 
fuel economy change by year are shown in Table 2. 

According to one of the authors of the report 
(~) , a base year of 1974 is assumed as the year 
when the average vehicle on the road had fuel econ
omy characteristics similar to those of the Claffey 
vehicles (20). Use of adjustment factors is simple 
and no program modifications are required. To update 
a TRANSYT6C fuel estimate for 1981, for example, 
multiply it by 0.831. 

Vehicle Emissions 

An overview of the vehicle emission submode! in 
TRANSYT6C is shown in Figure 3. Based on a report 
by Kunselman and others (~) to the U.S. Environmen
tal Protection Agency (EPA), a simplified version of 
a vehicle emission model was developed and incorpo
rated into the TRANSYT6C model. The model postu
lates that the amount of a particular pollutant 
emitted can be computed by multiplying the emission 
factor for the pollutant by the extent of driving 
done in each aspect. For each individual link, the 
three driving aspects considered in calculation of 
vehicle emission are cruise, idle, and accelera
tion-deceleration. TRANSYT6C contains separate 
treatments for automobile and bus links and the 
additional calculation for bus emissions were in
cluded in the model. Individual link emissions are 
then summed to compute total emissions for the 
arterial network. 

Demand Response 

Traffic management strategies may alter an individ
ual choice of route, mode, time of travel, or rate 
of travel making. The demand responses will result 
in a change in traffic performance and thus a change 
in impacts (fuel consumption and vehicle emission). 
The amount of each type of response depends on the 
characteristics of the trip, the characteristics of 
the trip maker, and the characteristics of the 
transportation system. The TRANSYT6C model applies 
the general formulation that a response is a func
tion of a stimulus times a sensitivity. The stimu
lus for demand responses is the change in vehicle 
travel time computed in TRANSYT6C. The sensitivity 
reflects the traveler's awareness and opportunity to 
take advantage of the change in travel time. The 
sensitivity is user specified and is applied to the 
submodels of spatial and model demand responses. 
For the purpose of computing changes in travel time, 
the study arterial is divided into segments as 
specified by the user. The segments should cor
respond as closely as possible to the average trip 
length (miles) on the arterial. Then, the change in 
the traveler's trip time for the average trip length 
is estimated by computing change in travel time for 
each segment. The demand responses are treated 
sequentially. A driver is assumed to alter his or 
her route, if possible, before changing mode. 

Performance Index 

Today traffic management emphasizes consideration of 
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energy and environmental impacts as well as passen
ger mobility. In keeping with these new concerns of 
traffic management, the following performance index 
(PI) is introduced in the TRANSYT6C model: 

Pl= £ [(K, di)NP + (K2Si)N p + (K3f;)N P + (K4di)P + (KsSi)P 
i=l 

+ (K6fi)p + K1CO; + KsNOi + K9HC;] (I) 

where 

K1 , K2 , ••• , Kg 
i 
n 

di 
Si 
fi 

coi 

weighting factors; 
link i; 
number of links; 
delay on link i; 
stops on link i; 
fuel consumed on link i (gal); 
carbon monoxide emitted on 
link i (kg); 
nitrous oxide emitted on link 
i (kg); and 
hydrocarbons emitted on link 
i (kg) . 

NP and P refer to nonpriority and priority vehi
cles, respectively. By selecting different values 
for the weighting factors, the user may include or 
exclude certain variables from the PI. For example, 
if fuel consumption for priority and nonpriority 
vehicles is desired in the PI, K3 and KG may be 
set to one and all other weights set to zero. It is 
even possible to assign dollar values to each 
weighting factor and to attempt to set signals to 
minimize the total cost of the impacts considered. 
This new performance index permits the direct evalu
ation of timing signals for energy, emission, and 
cost savings as well as for traffic performance. 

MODEL APPLICATION 

In order to test the utility of the TRANSYT model as 
a tool for upgrading traffic signals ancl to assist 
in the development of policy guidelines, the model 
has been applied to several operational environ
ments. A specific location in the San Francisco Bay 
Area was used and, through sensitivity analysis, 
expanded to represent a wide cross section of opera
tional environments. 

Site Description and Data Base 

In the San Francisco Bay Area, San Pablo Avenue 
Berkeley was selected as the study arterial. 

in 
San 

Figure 4. Site characteristics, 2 
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Pablo Avenue runs parallel to Interstate 80 in the 
East Bay and the street is important as an alternate 
route to travelers on the Eastshore Freeway. It 
extends from the Oakland central business district 
(CBD) on the south through Berkeley to Albany, El 
Cerrito, and Richmond on the north. The street 
carries two-way operation, three lanes in each 
direction, on a 74-ft width with no parking on 
either side at the time of the study. !'.lthough the 
arterial is not heavily congested, it carries a 
significant number of local buses. The 2. 75-mile 
section on San Pablo used has nine intersections. 
The representation of San Pablo Avenue used in the 
TRANSYT6C model application is shown in Figure 4. In 
the figure the circled numbers represent intersec
tions, and directional arrows represent links. 

The study section consists of nine signalized 
intersections with a common (fixed) 70-s cycle. 
Because of slightly more critical operational prob
lems, the evening peak hour was selected for the 
model application. !'. previous study by ITS (Ill 
developed data to be used in TRANSYT for the study 
section. Local traffic operations engineers in 
Berkeley examined the TRANSYT output and agreed that 
the traffic performance given by the model was a 
realistic representation of peak-hour conditions 
(12). 
- The following characteristics of the study sec

tion at the time of the study were used as input to 
the model: (a) bus flows 13-18 vehicles/h in both 
directions; (bl average bus occupancy of 30 passen
gers; (c) average automobile occupancy of 1. 2 pas
sengers; (d) vehicle mix of approximately 2 percent 
trucks and buses, 50 percent of which are diesel; 
(e) roadway was straight and level; (f) directional 
split along the study section was approximately 
60-40 with predominent flow northbound. 

Objective Functions Selection and Optimization 

By modifying PI, signal settings may be optimized to 
satisfy different objective functions. The new PI 
equation allows a detailed evaluation of impacts and 
the consequences of different impact objectives. The 
equations below give traffic management objectives 
and corresponding Pis employed in the San Pablo 
study site. 

The PI to minimize total passenger delay is 

Pl= £ [(di)NP + (dj)p I (2) 
i=I 

lJnJnJnJn!n!nJI 
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Run No. for Existing Spacing Run No. for Half Spacing 
Table 3. Design of experiment with 
TRANSVT6C. 

Minimization 
Flow Objective SO-s Cycle 70-s Cycle 90-s Cycle SO-s Cycle 70-s Cycle 

Existing Total delay 1 11 21 31 41 
Priority delay 2 12 --a 32 42 
Total stops 3 13 23 33 43 
Total fuel 4 14 24 34 44 
Tnh1l Pmic:.c:.innc:. 1 < 25 oc u 

SO Percent Greater Total delay 6 16 26 36 46 
Priority delay 7 17 - a 37 47 
Total stops 8 18 28 38 48 
Total fuel 9 19 29 39 49 
Total emissions 10 20 30 40 so 

Note: Entries in cells are production run numbers . 
aRun not made. 

Figure 5. Effect of -18~ -1'!% -87, -26 -3% 
optimized splits and -.- T --- --- ---offsets on reducing 
impact under existing 
flow conditions. 
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Figure 6. Effect of -37% -33% -3% -9% -16% 
optimized splits and 

1 I --- --- T offsets on reducing 
impacts under increased 
flow conditions. 
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The PI to minimize priority passenger delay is 
n 

PI = }
1 

(d;)p (3) 

The PI to minimize total vehicle stops is 
n 

Pl = i~l [(S; )NP + (S,)p] (4) 

The PI to minimize total fuel consumption is 

n 
Pl = ~ [(f;)N p + (f;)p] (S) 

i=t 

The PI to minimize total vehicle emissions is 
n 

Pl = }, (CO; + NO; + HC;) (6) 

where 

n = number of links, 
i link i, 

di delay on link i (passenger hours), 
Si vehicle stops on link i (vehicle 

stops/ h), 
fi gasoline consumed on link i (gal/h), 

coi carbon monoxide emitted on link i 
(kg/h), 

NOi nitrous oxide emitted on link i 
(kg/ h), and 

HCi hydrocarbons emitted on link i 
(kg/h). 

NP and Prefer to nonpriority and priority vehicles, 
respectively. 

In addition to these basic runs with different 
objective functions, a number of sensitiv i ty tests 
were performed in terms of different cycle lengths, 
traffic flows, and signal spacings (although produc
tion runs were made for different signal spacings, 
their results have not been analyzed and are not 
discussed in this paper) to determine variations in 
results from the basic runs. Exami nation of minimum 
green time due to pedestrian requirements indicated 
that a 50-s cycle length was the shortest that could 
be used to the study section. In order to select a 
cycle length that was equally spaced but greate r 
than the existing cycle length, a 90-s cycle was 
chosen. 

Each of the three cycle lengths was tested under 
two different flow conditions: existing flows and 
existing flows increased by 50 percent. Only the 
cycle length and flow were changed for each specific 
basic run mentioned above. The impacts for each 
cycle length after optimization were compared with 
the impacts for the existing signal timing with the 
same flow conditions . Table 3 summarizes the design 
of these sensitivity production runs as well as 
basic runs. 

TRAFFIC SIGNAL UPGRADING POLICY GUIDELINES 

Spl it a nd Offse t Op timization 

The results of optimization runs were compared with 
the existing condition runs in terms of passenger 
delay, vehicle stops, fuel consumption, and vehicle 
emissions. Figures 5 and 6 show the effect of 
optimized splits and offsets on reducing those 
impacts under existing flow conditions and increased 
(by 50 percent) flow conditions, respectively. The 
existing common cycle length of 70 s was employed in 
both cases. 

As can be seen in Figures 5 and 6, all the im
pacts have been reduced by optimizing splits and 
offsets of signals along the study network. Under 
the existing flow condit i on in Figure 5, the optimi
zation of splits and offsets resulted in 10 percent 
reduction in total passenger delay (14 percent 
reduction in bus delay), 8 percent reduction in 
total vehicle stops, 2 percent reduction in total 
fuel consumption, and 3 percent reduction in total 
vehicle emission. The reductions in those impacts 
by splits and offset optimization under inc reaseo 
flow conditions are greater than those under the 
existing flow conditions except the reduction in 
vehicle stops. Figure 6 shows the estimated impacts 
reduction by the optimization, which ranges from 3 
percent reduction in total stops to 37 percent 
reduction in total passenger delay. 

These impact reductions were achieved by adjust-
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ing existing splits and offsets in the optimization 
computer runs to minimize total passenger delay. 
Although splits are usually set to give equal de
grees of saturation to two critical traffic flows at 
an intersection and offsets are set to give good 
prog r ession to the traffic flow by manual method, 
the comparison of the optimized signal timi ngs with 
existing ones reveals that it might be necessary to 
give a preference to the predominant tr-aff ic flow in 
terms of splits and offsets to opti mi ze the total 
system per f o r mance. Although the flow in Figure 6 
was increased by 50 percent from the existing condi
tion in Figure 5, the impact reductions by optimiz
ing splits and offsets are almost three times those 
obtained in Figure 5. This result implies that even 
the best signal timing for the present flow level 
might not be the best one if the flow level were to 
change in the future. Therefore, it would be desir
able to adjust traffic offsets and splits as the 
traffic flow level changes in the future, even 
though the present signal timing has been best 
optimized for the current flow level. 

Cycle Length Selection 

Figures 7 and 8 show the effect of cycle length with 
optimized splits and offsets on reducing impacts 
under existing flow conditions and increased flow 
conditions, respectively. Under existing flow 
conditions, as can be seen in Figure 7, the total 
delay and e miss i ons we r e fu r the r reduced by em
ploying a s hor t e r cycle l ength (50 s ) while further 
reductions in t ota l steps were achieved by employing 
a longer cycle length (90 s). Although Figure 8 
also shows this general trend, note that measured 
impacts reduction are less sensitive to the varia
tion of cycle length under increased flow condi
tions. Compared with other MOEs, in Figures 7 and 
8, fuel consumption seems to be relatively less 
sensitive to the changes in cycle length. As the 
level of traffic flow increased, a moderate cycle 
length rather than a short cycle length was pre
ferred in order to minimize fuel consumption. 

Although the optimization of splits and offsets 
could reduce all the impacts for those three differ
ent cycle lengths (except total stops in 50- and 
70-s cycle length, and total delay in 90-s cycle 
length), the figures show that the effect of the 
change in each cycle length on total delay and 
emission might be opposite to its effect on total 
stops to some degree (especially under existing flow 
conditions, in this case). 

Depending on the objective of signal timing 
optimization, the optimal cycle length can vary from 
a short cycle to a long cycle length. Generally 
speaking, a reasonably short cycle length is pre
ferred to a long cycle length to minimize total 
delay and emissions and vice versa. However, sev
eral cycle lengths should be tested by using the 
computer simulation model and the results should be 
examined carefully before applying the general 
effect of cycle length described above. 

Objective Function Selection 

TRANSYT6C can employ various objective functions by 
simply modifying PI I therefore, it might be neces
sary to provide general guidelines for the selection 
of an appropriate objective function for system 
optimization . Based on the extensive sensitivity 
analyses of objective functions, the objective 
function of either minimizing total fuel consumption 
or minimizing total delay also reduces all other 
impacts. Thus, either of them is regarded as the 
best single objective function. Figures 9 and 10 
show the effect of these objective functions on 
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reduction in total delay and total fuel consumption. 
As can be seen, both objective functions reduced not 
only total delay but total fuel consumption for dif
ferent cycle lengths employed. 

The differences in the results of the objective 
functions are regarded as a kind of trade-off be
tween fuel-consumption reduction and total delay 
reduction. Figure 11 is included to discuss this 
trade-off in terms of passenger hours saved per 
gallon given up. For the network under study, from 
0.5 to 4.0 passenger-h savings have to be given up 
to save l gal of fuel if one attempts to further 
reduce fuel consumptions below the fuel-consump
tion-reduction level achieved by the objective 
function of minimizing total delay. Depending on the 
perceived relative value of fuel and passenger 
hours, therefore, either of those objective func
tions can be employed to meet the specific objec
tive. Alternatively, the relative values expressed 
in numerical terms can be assigned to weighting 
factors of fuel and delay items in the PI, respec
tively. 

SUMMARY AND FUTURE RESEARCH 

The primary objective of this study was to evaluate 
the impacts of selected strategies to improve traf
fic signal systems and to develop policy guidelines 
for the strategies in the light of current realities 
such as increasing passenger delay on surface 
streets, high costs and scarcity of fuels, and 
concern about the environment. 

The existing simulation and optimization model, 
TRANSYT6C, was applied to a selected study arterial, 
San Pablo Avenue, Berkeley, California. The study 
network consists of nine signalized intersections 
that have a 70-s common cycle length. Although 
evening peak hour flow conditions were us~d as 
inputs to the study, the network was not heavily 
congested at the time of study. 

Two basic categories of strategies for improve
ment of traffic signal timing were evaluated: (a) 
splits and offsets optimization and (b) optimal 
cycle length selection. A series of sensitivity 
analyses was conducted to determine variations in 
the effects of the strategies under different opera
tional environments in terms of changed traffic flow 
levels. The effects of different objective func
tions were also investigated and included. The 
major findings of this investigation include the 
following. 

1. For a given cycle length, optimization of 
splits and offsets based on either the minimization 
of passenger delay or fuel consumptions also led to 
near-minimum value for all other MOE. 

2. Passenger delay and vehicle emissions were 
further reduced by shorter cycle lengthsi however, 
total stops were further reduced by longer cycle 
lengths. Fuel consumption was relatively less 
sensitive to changes in cycle length. As level of 
traffic flow increases, a moderate cycle length 
rather than a short cycle length was preferred in 
order to minimize fuel consumption. 

3. Trade-offs between passenger hours saved per 
gallon of fuel consumed were identified for differ
ent cycle lengths and flow levels. 

Considerable investigations to reduce various im
pacts have been conducted through the traffic signal 
timing improvement by using TRANSYT6C, but con
straints of time and budget prohibited the further 
investigation of potentially fruitful areas of 
research. Future research may be divided into three 
basic categories: additional model application and 
sensitivity analyses, model modification and expan-
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Figure 7. Effect of cycle length on reducing impacts under existing flow 
conditions with optimized splits and offsets. 
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Figure 8. Effect of cycle length on reducing impacts under 50 percent increased 
flow conditions with optimized splits and offseU, 
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s ion, and development of traffic-responsive signal 
control system. 

Additional model applications include the follow
ing: 

1. Evaluation of additional traffic management 
strategies such as bus and carpool lanes or para
transit for various traffic flows that have differ
ent composition characteristics; 

2. Further testing with the multiple objective 
function to minimize the total cost of impacts 
evaluated; 

3. Further application of the model to other 
arterial networks with different characteristics 
from the study site in terms of geometry, flow 
pattern, and signal timings; and 

4. Sensitivity analysis of improved traffic 
signal timings to the traffic flow variations such 
as morning peak flow, evening peak flow, and off
peak . fJow. 

Possib-le areas for model expansion and modif.ica'.'" 
t _ion are as follows·: 

l. Inclus.ion of a.ddi:tional impac.ts such as oper
ating; costs, safety,. and noise pollution; 

2'. Inclusion of origin-des.tination information, in 
the model; 

3. Inclusion of additional demand responses such 
as temporal shift or a change in the rate of trip
makingi 

4. Modification of the model to reduce the com
puting time in large networks and handle bottleneck 
situations; and 

5. Field validation studies in terms of fuel-con
sumption and vehicle-emission estimation. 

A. possible area for the development of traffic-re-
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Figure 9. Effect of objective functions on total delay. 
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Figure 10. Effect of objective functions on total fuel. 
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sponsive signal control systems in.eludes dynamic 
traffic signal control systems tbat. provide adjust.
ments of signal timings for shortand long-term 
changes in traffic demand, arterial capacities, and 
operational conditions. The integration of the 
greatly improved capability of traffic. signal con
trollers and detectors into the dynamic control 
system for more effective use of arterial systems is 
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Figure 11, Total delay-total fuel trade-off (passenger hours saved per gallon 
given upl. 
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another area to be developed. 
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