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CHAPTER 1 

INTRODUCTION 

This thesis examines the effect of various signal timing plans 

on the energy consumption of two signalized traffic networks. Also 

examined are the relationships of delay and stops to fuel consumption. 

1.1 Review of the Energy Situation   

In the fail of 1973 the Arab oil embargo brought to the attention 

of the world the seriousness of the energy crisis. At that time people 

began to realize that their energy supplies were limited and that they 

could not continue to use energy in the carefree manner they had been 

accustomed to. Here, in the United States, perhaps the shock was 

greater since a large amount of our development in urban areas had been 

centered around the automobile and an inexpensive, plentiful supply of 

gasoline. A 20-25 mile ride to work was of little concern when people 

were deciding where to live. The added costs of commuting for such 

trips were far outweighed by the benefits of suburban living. 

Along with the growth and movement of population to the suburbs 

came the decline of the mass transit systems. The transit systems 

were no longer able to serve effectively. Most travel was being ac- 

complished by private automobile. This shift in mode caused transit 

systems to lose revenue and consequently to reduce service. It pro- 

duced a vicious cycle of loss of ridership, loss of revenue, poorer 

service, continued loss of ridership; etc. The mass transit systems 

in this country have moved from a profit making industry to a highly



subsidized public service. Even after much investment by federal, 

state and local governments, the mass transit systems can effectively 

serve only a small percentage of the trips made today. 

The oil embargo of 1973 highlighted the energy crisis, but the 

problem had been developing for some time. From 1947 to 1976 the an- 

nual energy consumption for the United States had increased in all but 

five of these years [1]. In the five years that consumption decreased, 

four were recession years. The average annual rate of growth of energy 

consumption was 3.2 percent for the period 1947-73. For 1973-74 there 

was a 2.8 percent decrease, and for 1974-75, a 2.4 percent decrease. 

Before 1974, there had been a 20 year period of continuous growth in 

gross energy consumption. With the combination of the oil embargo and 

a recession, the trend was reversed in 1974 and 1975. However, in 1976 

consumption was 4.8 percent higher than 1975. These figures are pre- 

sented in Table 1.1. 

Since the oil embargo there has been a much greater concern for 

our energy supplies and ways in which they may be conserved. One area 

of particular interest is the conservation of energy in the transporta- 

tion sector. "Nationally, transportation represents about 26% of the 

total U. S. energy consumption and 58% of the petroleum consumption" 

[2]. In the transportation sector, passenger travel by automobile 

accounts for 69 percent of the transportation petroleum consumption 

[3]. 

Internationally, the United States consumes 31% of the world's 

oil usage while having only six percent of the world's population [2].



TABLE 1.1 - United States Gross Energy Consumption 

Year 

1950 

1955 

1960 

1965 

1970 

1975 

1976 

Source: 

  

For Selected Years   

Gross Energy 

Inputs 

(Quadrillion BTU) 
  

34.0 

39.7 

44.6 

53.3 

67.4 

70.6 

74.0 

Average Annual 
Growth Rate 

(Percent) 

3.1 

2.3 

3.6 

4.8 

0.9 

4.8 

Dupree, W. G., "The United States Energy Scene 1976-85" 
Effects of Energy Constraints on Transportation Systems, 
  

Proceedings of the Fourth National Conference Held at 
Union College.



"Usually left unsaid is that the United States produces about 30 per- 

cent of the world's Gross National Product, and it is not pure happen- 

stance that the proportion of world energy use and the proportion of 

world Gross National Product are similar" [4]. If the United States 

is going to continue to produce a large share of the world's goods and 

provide jobs for its citizens, it will have to continue to consume 

large amounts of energy. It takes energy to provide jobs. 

Even though the United States is in an energy shortage, it is 

not energy poor. It is estimated that the United States has nearly 

one-third of the world's coal, enough to last for centuries [4]. The 

shale beds of the Rocky Mountains contain more oil than all of the Arab 

nations in the Middle East. "The dissolved methane contained in geo- 

pressured water strata underlying the northern Gulf of Mexico and 

coastal regions of Louisiana and Texas is estimated at as much as 50 

thousand trillion cubic feet - much more than all the conventional 

natural gas so far discovered" [4]. There is enough Uranium in this 

country to fuel all present and future planned nuclear reactors for . 

their 40-year life span. There is a potential ten to twenty trillion 

dollars worth of Uranium 238 presently stored in this country. In the 

absence of development in breeder reactor technology in the United 

States, the Uranium 238 has no value but has costs as a waste product 

[4]. 

The problem being faced today is that oil and gas represent only 

six percent of our total energy resources, but account for 75 percent 

of current energy usage [4]. It is also expected that world oil



production will peak near the end of this century [5]. The Electric 

Power Research Institute estimates that new technologies such as solar, 

geothermal, wind, ocean thermal gradients, biomass, and nuclear fusion 

will account for only about 10 percent of the total U. S. energy supply 

at the turn of the century. Present oil production techniques recover 

only about one-third of the oil from the reservoir. It is possible to 

increase the output from existing wells with new, more costly methods 

of production. 

Increased government regulation in the energy field is perhaps 

creating more problems than it is solving. Floyd Lewis of Middle South 

Utilities, Inc. gives an illustration of government regulation with 

respect to coal that occured some time back. 

Simultaneously, three congressional groups were 

meeting: the first, with respect to the Fuel Use 
Act, which mandates the use of coal for generating 

electricity; the second, on the Strip Mining bill, 

which makes it virtually impossible to mine some 

substantial coal reserves and extremely difficult 

and costly with respect to other reserves; and the 

third group, on the Clean Air Act amendments, which 
make it virtually impossible to use large quanti- 
ties of U. S. coal, particularly that with high 
sulfur content, even if you are able to mine it 

under the other laws. The Congress passed all 

three laws [4]. 

One of the factors that will affect the future supplies of energy 

will be the cost. At present prices, many of the previously mentioned 

energy sources are uneconomical to produce. Many economists and oil 

experts believe that if the government removed all regulations on pric- 

ing, supplies of energy would be plentiful. The price of energy also 

appears to be the greatest factor influencing people to conserve. In



1979 and early 1980, there was a drastic increase in the price of gaso-~ 

line. This price increase and uncertain supplies contributed to 1979 

gasoline consumption dropping 400,000 barrels a day, or roughly 5 per- 

cent below 1978 figures. Through the first two months of 1980 gasoline 

use was down 4.2 percent [5]. 

Unless there is a major breakthrough in developing a new energy 

source, the United States will continue to be very dependent on oil as 

a major energy source. This dependence on an uncertain supply and the 

ever increasing cost of energy make it necessary to conserve whenever 

and however possible. 

1.2 Organization 

The goals and objectives of this thesis are presented in the 

second chapter. Chapter Three gives a review of some of the literature 

involving energy consumption and traffic signalization. A description 

of the two computer programs used, and the two networks analyzed are 

presented in Chapter Four. Chapter Five contains the analysis of the 

data. Chapter Six presents conclusions and recommendations.



CHAPTER 2 

GOALS AND OBJECTIVES 
  

2.1L Background 

In the traffic engineering field today, much attention is being 

given to the area of intersection control. The intersection is the 

"location where most accidents occur, where the greatest delay occurs, 

where the most fuel is wasted, where congestion is the greatest and 

where adjacent land use tends to be in greatest conflict with the 

highway" [7]. 

The most critical element in intersection control is the timing 

of traffic signals. Inefficient timing of intersections causes un- 

necessary delay and wasted fuel. In the past few years there have been 

several computer programs developed to aid the traffic engineer in 

timing traffic signals. Also, many metropolitan areas have installed 

computerized, traffic responsive control systems to improve the opera- 

tion of their intersections. 

2.2 TRANSYT Analysis   

The overall objective of this thesis is to analyze the effect 

that signal settings from one of the more widely used computer programs, 

TRANSYT [8], have on traffic operations in signalized networks. Many 

traffic engineers are using TRANSYT without any real understanding of 

how the program works. To many, it is just a "black box" that they put 

their data into, and TRANSYT gives them back a signal timing plan. 

TRANSYT, for a given cycle length, generates a timing plan which 

- J =-



minimizes a performance index. This performance index is a combination 

of delay, in vehicle-hours/hour, and a weighted measure of stops. The 

weighting on stops, referred to as the stop penalty, is provided by the 

user. One objective of this thesis is to investigate the effect that 

the stop penalty has on fuel consumption. According to the TRANSYT 

user's guide [8], "there is some evidence that values up to 20 tend to 

minimize fuel consumption". A number of stop penalties ranging from 

zero to 1000 were tested for different cycle lengths to ascertain 

whether or not there is a particular stop penalty which can be used to 

minimize fuel consumption. With the present emphasis on energy conser- 

vation, it would be very beneficial for traffic engineers to have an 

easy, reliable method of determining signal settings which minimize 

fuel consumption. 

2.3 Alternative Programs   

Of the traffic signalization computer programs available to the 

traffic engineer, TRANSYT appears to have the most potential. PASSER 

II [9] is limited to arterial progression analysis. It has no ability 

to handle a closed network, and is only concerned with maximizing band- 

width. PASSER II does not consider stops or delay. SOAP [10] includes 

a fuel consumption model in its package, but its accuracy is question-~ 

able and the program is restricted to isolated intersections. NETSIM 

[11] has the capability to accomodate open and closed networks and also 

to provide values of fuel consumption. However, NETSIM is only an 

evaluation program, with no ability to generate a signalization strat- 

egy. Furthermore, the costs of using NETSIM make it impractical for



use in most signalization design. SIGOP [12], another network signali- 

zation program has generally been found to be inferior in performance 

to TRANSYT. TRANSYT's low operating costs and its flexibility make it 

the most practical program for engineers to implement. 

2.4 Effect of Cycle Length on Fuel Consumption 
  

Another point of interest is the relationship between cycle 

length and fuel consumption. There have been numerous previous studies 

concerning the relationships of cycle length to delay, and travel time 

or speed, but little has been done with regard to energy consumption. 

From the research that has been done, the relationship between cycle 

length and fuel consumption is not evident, particularly for signal 

systems. This thesis attempts to show a more definite relationship 

between cycle length and energy consumption. 

2.5 Network Analysis 
  

Most of the previous work in signal timing, besides being con- 

fined to studying delay, involved only single, isolated intersections. 

This thesis studies the effects of signalization in a network of inter- 

sections. Networks provide a great potential for saving fuel, due to 

vehicle interaction between intersections, and the large volume of 

traffic they carry. Because of the time required to hand calculate 

Signal timings for a network, more and more cities are using the com- 

puter to develop their signalization strategies. Since TRANSYT is one 

of the more widely used programs for network timing, it was first de- 

cided to determine whether or not TRANSYT performs as claimed. That
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is: Does increasing the stop penalty really reduce the number of stops 

and increase the delay, and does the program operate in a consistent, 

accurate manner? 

2.6 Delay, Stops, and Fuel Consumption 
  

Early fuel consumption studies performed by Claffey [13] for a 

range of operating conditions, showed that speed change cycles are a 

major consumer of fuel. Claffey's data also showed that the fuel used 

for a speed change cycle is much greater than for a vehicle idling for 

the same amount of time. From this data it seems reasonable to assume 

that if one could minimize or lower the number of stops, without in- 

creasing delay significantly, fuel consumption could be minimized. 

Testing this assumption is another objective of this thesis; that is 

to find whether or not there is a consistent trade-off between stops 

and delay with respect to fuel consumption. This produces several 

questions that this research addresses. First; what is the relation- 

ship between vehicle delay and fuel consumption in a network? Second; 

what is the relationship between vehicle stops and fuel consumption? 

Third; what effect do vehicle stops have on vehicle delay? And fourth; 

can TRANSYT be used to minimize fuel consumption in a network? 

2.7 Fuel Consumption as an Evaluation Base 
  

In the past, delay has been the measure of effectiveness normally 

used in evaluating traffic signal systems. Total delay for a system 

would be calculated along with an associated cost to the users, and 

then the reduced user costs for certain improvements would be used for
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justifying their implementation. However, when these delays are calcu- 

lated on an individual (or per vehicle) basis, the difference in delay 

may not be that significant. When evaluating on an energy basis, the 

total energy savings of an improvement may be a more reasonable measure 

of effectiveness rather than total delay. This is especially true when 

fuel consumption can be minimized with only a small increase in delay 

per vehicle. Another factor making energy analysis more important is 

the rising cost of fuel. As the cost of fuel increases, the user costs 

for fuel may reach or even outweigh the user travel time costs.



CHAPTER 3 

LITERATURE REVIEW   

This chapter presents a review of some of the research which has 

been performed in the area of intersection timing for energy conserva- 

tion. Also presented are some of the research studying traffic flow 

in signalized networks. This chapter is divided into two sections. 

The first section examines the literature involving isolated intersec- 

tions, and the second examines the studies involving networks. 

3.1 Isolated Intersections 
  

Bauer [14] has examined isolated pretimed intersection signal 

timing for its effect on energy conservation. Bauer developed a 

FORTRAN computer program to calculate energy consumption for different 

cycle lengths, and different total critical lane volumes. The computer 

program uses Webster's delay equation [15] to generate values of delay 

and stops to be used in calculating energy consumption. The values of 

delay and stops are multiplied by factors for idling energy consumption 

and the energy consumption for a 0 to 30 mph acceleration maneuver re- 

spectively. For the idling consumption factor, a value of 0.5 gallon/ 

hour was used. For the 0 to 30 mph acceleration maneuver, four dif- 

ferent values, 1/30, 1/50, 1/100, and 1/200 gallons were used and cal- 

culations made for each value. 

The basic finding of Baver's work was that the minimum energy 

cycle differs quite significantly from the minimum delay cycle. The 

calculations were made for total critical volumes ranging from 200 vph 

-12-
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to 1400 vph at a two-phase, one lane per approach intersection. As the 

total critical volumes increased, so did the difference between the 

minimum energy cycle and the minimum delay cycle. Bauer's findings 

show, that for a total critical flow of 1400 vehicles/hour, there is 

little difference in the energy consumption for cycle lengths ranging 

from 180 to 300 seconds. The minimum energy cycle was 222 seconds, 

while the minimum delay cycle was 95 seconds. At or below the minimum 

delay cycle, Bauer found that energy consumption was much greater than 

the energy consumption in the 180 to 300 second range. 

Cohen and Euler [16] have studied fuel consumption and emissions 

at isolated intersections with the NETSIM [11] traffic simulation 

model. Where Bauer's results were based on macroscopic flow character- 

istics, NETSIM is a microscopic flow model. The study by Cohen and 

Euler evaluated fuel consumption and emissions at a two-phase, pretimed 

intersection as was Bauer's intersection of study. Different scenarios 

were tested by changing the approach volumes and the percentage of left 

and right turns. For the different scenarios the cycle length was 

varied from 40 to 150 seconds, the normally accepted range for cycle 

lengths. 

Cohen and Euler performed regression analysis on their data to 

study the correlation between average speed and fuel consumption. They 

found the two to be highly correlated. For their hypothetical inter- 

section the regression equation for fuel consumption is: 

FC = 0.695 + 0.471(average speed) - 0.0154(average speed) °. 

In analyzing the effect of cycle length on traffic operations,
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Cohen and Euler found the minimum delay and minimum fuel cycle lengths 

to be the same. The minimum fuel consumption cycle length also pro- 

duced the minimum emissions of HC and CO. 

Tarnoff and Parsonson [17] analyzed the effect of pretimed, 

semi-actuated, fully-actuated and volume-density controllers on traffic 

flow characteristics such as speed, stops and delay. Also included in 

the analysis were fuel consumption, vehicle emissions and controller 

costs. The only information concerning fuel consumption that is pre- 

sented by Tarnoff and Parsonson are fuel consumption factors for stops 

and delays. "In this manner the stops and delays estimated for a par- 

ticular type of control can be translated directly into measure of 

emissions and fuel consumption" [17]. 

Hurley and Ball [18, 19, 20] have studied isolated intersections 

under both pretimed and actuated control on a net energy basis. Hurley 

[21] found for vehicles making a stop/go speed change cycle the other 

forms of energy consumption were almost equal to the fuel requirements, 

while at uniform speed the fuel requirement is almost 80% of the total 

energy required. The general model used by Hurley and Ball for deter- 

mining hourly energy consumption for an approach at an intersection is 

given by: 

E =E +E +E 
1 Cc. sg. I 

i i i 

where ES = total hourly energy consumption on approach i 

(BTU/hr) 

E = hourly energy consumption on approach i for
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vehicles clearing the intersection without 

stopping (BTU/hr) 

hourly energy consumption on approach i due 

to stop/go speed change cycles (BTU/hr) 

te
 u hourly energy consumed on approach i under 

idling conditions (BTU/hr) 

Hurley and Ball define an "affected area" where the traffic flow 

is affected by the traffic signal. The energy consumption for the af- 

fected area is computed based on energy coefficients for constant 

speed, speed change cycle, and idling. Estimates of delay and proba- 

bility of stopping are obtained from Webster's delay equation and 

probability of stopping formula [15]. 

Hurley and Ball found that Webster's optimum cycle length and 

splits produced energy consumption very close to the minimum values. 

Webster's optimum cycle length was particularly effective in minimizing 

energy consumption at high approach volumes. "The worst comparison 

occurs for small cross flows where use of Webster's cycle length 

‘costs’ about ten percent" [18]. Another significant finding by Hurley 

and Ball was that as cycle length drops below Webster's optimum the 

energy consumption increases greatly. 

In Hurley and Ball's [19] investigation of intersections with 

actuated control the NETSIM [11] computer simulation program was used 

to evaluate different control conditions. NETSIM provided estimates of 

delay and stops to be used in calculating net energy consumption for 

different minimum main street green settings and maximum extension
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intervals. 

Hurley and Ball "found that for actuated control, minimum energy 

operation does not necessarily correspond to minimum delay operation" 

[19]. It was also found "that energy consumption is, for the most 

part, insensitive to maximum extension interval for both semi-actuated 

and fully-actuated control". Hurley and Ball also concluded that for 

semi-actuated control, energy consumption is very sensitive to minimum 

Main Street green time. 

Ball [20] has examined the effect on energy consumption of using 

incorrect values of lost time and saturation headway in computing pre- 

timed signal settings. Ball's findings were that energy consumption 

“is usually very insensitive to incorrectly assumed lost time and sat- 

uration headway values. Only when low values of these characteristics 

are assumed and high values actually occur is there appreciable excess 

energy consumed". 

3.2 Networks 

This section is divided into two parts. The first part presents 

some of the research concerning traffic flow characteristics in net- 

works, but not on an energy or fuel consumption basis. The second part 

examines the work that has investigated fuel consumption in networks. 

3.2.1. Traffic Flow Characteristics in Networks 
  

Wagner, Barnes, and Gerlough [22] evaluated nine different con- 

cepts for generating signal timing plans for a network. The nine 

strategies evaluated were:
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l. Webster's cycle and split optimization method; 

2. the delay-difference method for optimizing signal offsets; 

3. the volume-priority method of establishing a network offset 

plan; 

4. the preferential street method of establishing a network 

offset plan; 

5. the mixed-cycle method of signalized network operation; 

6. Little's maximal bandwidth method for optimizing offsets; 

7. the SIGOP traffic signal optimization method; 

8. the British combination method for optimizing offsets; and 

9. Allsop's graph theory method for optimizing offsets. [22] 

After evaluating the different strategies, the authors concluded 

that the cycle length is the single most important variable affecting 

operation, whether it be an isolated intersection, along an arterial, 

or in an urban network. Wagner, Barnes and Gerlough's basic conclusion 

was that if "a network of signalized intersections that has not re- 

cently been the subject of intensive traffic engineering attention de- 

voted specifically to signal operation improvements, it is highly 

probable that initiation of systematic study, analysis, and implementa- 

tion of signal timing changes will produce significant upgrading of 

performance" [22]. There was little difference found between the dif- 

ferent strategies, but all strategies provided a great improvement over 

the existing conditions. 

In another study analyzing flow in a street network, Ponteer, 

Miller and Kraft [23] found the signal system of a network to be the
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most critical element of all traffic control alternatives available. 

3.2.2 Fuel Consumption in Networks 
  

Courage and Parapar [24] have analyzed a network for its fuel 

consumption and delay characteristics. The network studied was a 

system of 26 signals in the central business district of Gainesville, 

Florida. The network's fuel consumption and delay were estimated by 

the TRANSYT [25] computer model. The TRANSYT program was run for cycle 

lengths ranging from 70 to 160 seconds, and stop penalties from 0 to 

60. 

Using Claffey's values of fuel consumption for delay and stops 

[13], Courage and Parapar determined that each vehicle stop is equal to 

60 vehicle-seconds of delay in terms of fuel consumption. Therefore, 

if a stop penalty of 60 is used in TRANSYT, then the performance index 

generated by TRANSYT will be proportional to the estimated fuel con- 

sumption. Using this strategy, Courage and Parapar found minimum delay 

to occur at a cycle length of approximately 90 seconds, while the fuel 

consumption was minimized at a 140 second cycle length. 

Radwan and Benevelli [26] have investigated the use of different 

optimization schemes for an open urban network. The signal settings 

for the network of five intersections were obtained from TRANSYT [8]. 

The TRANSYT program was modified so that it would produce signal set- 

tings which would minimize one of four optimization strategies. The 

four strategies used were minimization of: a) Total Vehicle Delay; b) 

Total Passenger Delay; c) Excess Fuel Consumption Due to Idling and 

Speed Change Cycles; and d) Total Cost.
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The optimum cycle lengths generated by TRANSYT were; 45 seconds 

for total vehicle delay, 40 seconds for total passenger delay, 65 sec- 

onds for excess fuel consumption, and 40 seconds for total cost. 

Radwan and Benevelli also evaluated the signal timings found by TRANSYT 

with the NETSIM simulation program. The optimum cycle lengths from the 

NETSIM data for the four strategies were; 45 seconds for total delay, 

50 seconds for total passenger delay; 40 seconds for excess fuel con- 

sumption, and 40 seconds for total cost. As Cohen and Euler [16] found 

by using NETSIM, Radwan and Benevelli's NETSIM results show that when 

total delay is minimized, so is fuel consumption. 

The Urban Traffic Control System (UTCS) Project [27] involved six 

tasks in its study of fuel consumption in urban networks. The six 

tasks of the UTCS study were: 

1. One-Way/Two-Way Streets. 

2. Pedestrian Scramble System. 

3. Pre-Timed vs. Fully-Actuated Signal Systems. 

4. Comparison of Cycle Lengths. 

5. Variations in Traffic Demands. 

6. Exclusive Bus Lanes [27]. 

The UTCS study found that converting some two-way to one-way 

streets resulted in an average increase of 12 percent in fuel consump- 

tion efficiency (FCE). The study warns that increased travel due to 

rerouting could cause this improvement to be reduced in other studies. 

The pedestrian scramble system was found to increase delay and reduce 

speed and FCE. It seems to have potential only in cases with very high
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pedestrian volumes. For the test case the pedestrian volume was 500 

per hour. Fully-actuated control was found to be effective when cross 

street flows were minor (7 to 1 main to cross street flow ratio). In 

more evenly balanced networks the savings from fully-actuated control 

vs. pre-timed would not be as great. 

In the task studying the effect of cycle length on fuel consump- 

tion two networks were analyzed. The first, Hawthorne Blvd. in Los 

Angeles, had low cross street volumes, few turning movements, and no 

pedestrian interference. For this case, longer cycle lengths produced 

better fuel consumption but with an increase in delay. The second net- 

work was a section in Washington, D.C. characterized by significant 

volumes on all approaches and high turning volumes. In this network 

the use of longer cycle lengths caused lower fuel efficiency and more 

delay. The UTCS study concluded that "the effect of longer cycle 

lengths is highly dependent on network characteristics, traffic volumes, 

and traffic patterns” [27]. 

In the task investigating effects of variation in demand, as 

would be expected, as demand increased so did fuel consumption. The 

use of exclusive bus lanes caused a decrease in network speed and FCE 

(vehicle miles per gallon). However, exclusive bus lanes did increase 

FCE when measured in passenger miles per gallon.



CHAPTER 4 

MODEL AND NETWORK DESCRIPTION 
  

This chapter describes the two computer programs, TRANSYT 7 and 

NETSIM, which were used for this thesis. Also discussed are the two 

traffic networks, Prices Fork Road in Blacksburg, Virginia and 

Arlington County, Virginia which were analyzed. 

4.1 TRANSYT 7 

TRANSYT (TRAffic Network StudY Tool) [8] is a computer program 

which generates fixed-time signal settings for a network of intersec- 

tions. The program was developed by D. I. Robertson of the British 

Transport and Road Research Laboratory and was first released in 1967. 

Version 7 of TRANSYT, released in 1978, is the program used for this 

research. 

TRANSYT consists of two main parts, the first, a traffic model 

which estimates delay and stops to be used in calculating a performance 

index for a given set of signal timings. The second part is a hill 

-climbing optimization process which adjusts the signal settings and 

tests the setting to determine whether or not the performance index has 

been improved. A flow chart illustrating the organization of the 

TRANSYT program and its six subroutines is presented in Figure 4.1. 

The performance index, which the hill-climbing procedure attempts to 

minimize, is given as; 

=n 

Performance index = y (d, + Ke.) 

i=l 
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where d. is the average delay in vehicle-hours/hour on the 

i th link of the network; 

c. is the average number of vehicle stops per second 

on the i th link of the network; 

K is a weighting factor 

The stop penalty, K, which is specified by the user, may be any- 

thing from 0 to 10,000. If a value of zero is used, TRANSYT will at- 

tempt to minimize only delay. The higher the stop penalty, the more 

emphasis is placed on minimizing the number of stops. According to the 

TRANSYT user's guide, "values between 4 and 8 tend to reduce stops with 

little increase in delay. There is some evidence that values up to 20 

tend to minimize fuel consumption". 

As TRANSYT performs its calculations there are four basic assump- 

tions made. These are: 

1. All major intersections in the network have signals (or 

sign control). 

2. All the signals in the network have a common cycle length 

or a cycle length of half this value. 

3. Traffic entering the network does so at a constant speci- 

fied rate on each approach. 

4. The proportion of traffic turning right or left remains 

constant throughout the cycle. 

TRANSYT is capable of evaluating an existing signal system if the 

assumptions above are satisfied. TRANSYT will then adjust the existing 

timing plan if it finds the adjustments to improve the performance
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index. All TRANSYT runs are executed for a specified cycle length. If 

comparisons of different cycle lengths are desired, as is generally the 

case, a run for each cycle length must be executed. Cycle lengths may 

then be compared on the basis of their respective performance indices. 

In addition to the overall stop penalty, TRANSYT has link stop 

and delay weighting penalties. This allows the user to place a dif- 

ferent emphasis on particular links. Geometric conditions of a link 

may make it desirable to reduce the number of stops on that link. The 

link stop penalty could be used for this purpose. The delay weighting 

penalty may be used to attempt to reduce delay on a particular link 

more than on other links. This may be beneficial in the case of a few 

high volume links. 

TRANSYT's traffic model estimates delay in two parts, uniform and 

random. The uniform delay is obtained from an input/output process. 

The queue length for a particular time interval is determined from the 

inflow and outflow patterns TRANSYT has generated. The queue length 

multiplied by the time interval gives an estimate of the uniform stop- 

ped time delay. The random delay is based only on the degree of satur- 

ation at the stop line. The equation for random delay is: 

D _ xt 

r 4(1-X) 

where DY. = random delay in vehicle-hours/hour 

X = degree of saturation 

"The average number of stops per cycle is derived by totalling the nun- 

ber of vehicles which arrive while a queue is present" [23].
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TRANSYT has the capability to optimize up to 50 intersections in 

a Single run. Each intersection may be fed by up to 50 links. This 

feature allows different flows on a single approach to be separated. 

Each intersection may have up to seven different phases. Intersections 

with a cycle length one-half of the network cycle length are limited to 

three phases per cycle. 

TRANSYT requires that a cycle length for the entire network be 

input. Also required is the phasing at each intersection in the net- 

work. TRANSYT only optimizes the splits and offsets. Additional data 

required by TRANSYT includes; lost time, link length, stopline satura- 

tion flow, travel time or speed, link flowrates, and turning movements 

for each link. TRANSYT is also able to incorporate bus travel into its 

traffic model. Performance of bus traffic is separated from that of 

other vehicles in the final output. A new feature of version 7 allows 

TRANSYT to model a bottleneck situation. TRANSYT 7 also produces a 

much faster solution time than earlier versions, thereby reducing the 

computer costs to the user. 

4.2 NETSIM 

NETSIM [11] is a microscopic simulation model used to evaluate 

different control strategies in an urban network. NETSIM, formerly 

called UTCS-1, was developed for the Federal Highway Administration by 

Peat, Marwick, Mitchell & Company and KLD Associates, Inc. "The model 

is designed primarily to serve as a vehicle for testing relatively com- 

plex network control strategies under conditions of heavy traffic flow" 

{11].
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NETSIM has the ability to simulate traffic controls ranging from 

a simple "Stop" or "Yield" sign to a dynamic, real-time traffic control 

system. The basic NETSIM model has the capacity to handle 99 inter- 

sections, 160 links, and 1600 vehicles at any one time. These limits 

may be increased by changing the dimensions of the arrays defining the 

size of these parameters. Due to the saturation of one of the networks 

studied in this thesis, the maximum-occupancy was increased from 1600 

to 2500 vehicles. 

For program input purposes, the network must be broken down into 

a group of links and nodes. Each link represents one direction of 

travel on a street connecting two intersections. Each link may have up 

to five moving lanes, with the channelization being specified for each 

lane. Individual intersections may have up to nine different phases 

per cycle. 

The input data for each link and intersection necessary to exe- 

cute the program includes: 

* link geometry; 

intersection type; 

network connectivity; 

intra-link target speed; 

intersection turning movements; 

pedestrian volumes; 

signal timings; 

entry link flow rates; 

source/sink node flow rates; and
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traffic composition 

The basic NETSIM model generates vehicles according to a uniform 

Statistical distribution and enters them into the network through entry 

links and source nodes. For this thesis a modified version of NETSIM 

[28] incorporating a shifted negative exponential headway model was 

used to more accurately represent vehicle arrivals. As each vehicle 

is generated it is stochastically assigned a set of performance char- 

acteristics, such as; vehicle type, average discharge headway, average 

acceptable gap, etc. Each vehicle's movement through the network is 

then controlled by its assigned performance characteristics and micro- 

scopic car-following, queue-discharge and lane-switching algorithms 

[11]. The status of each vehicle in the network is updated and statis- 

tics accumulated once every second. 

In updating the status of each vehicle, seven basic functions are 

performed every second. The seven functions are: 

1. All vehicles that were located in queue at the commencement 

of the time step are processed; 

2. All remaining vehicles already on the network, but not in 

queue are processed; 

3. Any new vehicles are emitted onto the network via entry 

links in accordance with the specified flow rates for each 

entry link; 

4. Any new vehicle to be emitted onto the network from the 

internal source nodes are processed; 

5. The status of all traffic signals in the network is updated;
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6. The set of standard vehicle and link statistics contained 

within the vehicle-array and link-array are accumulated and 

a series of diagnostic checks performed; 

7. Finally, if a point has been reached in the simulation run 

where a statistical output is called for the necessary re- 

sults are printed [11]. 

At the end of each specified sub-interval the accumulated statis- 

tics are printed for each internal link. Statistics are not given for 

entry or exit links. 

For each internal link the statistics generated are: 

* vehicle miles travelled; 

vehicle trips; 

moving time (vehicle-minutes); 

delay time (vehicle-minutes) ; 

moving time/total travel time; 

total travel time (vehicle minutes); 

total travel time/vehicle (seconds); 

total travel time/vehicle-mile (seconds/mile); 

delay time/vehicle (seconds) 

delay time/vehicle-mile (seconds/mile) 

percent stop delay; 

average speed (MPH); 

average occupancy; 

stops/vehicle; 

average saturation percentage;



- 29 - 

cycle failures; 

fuel consumption (gallons & MPG); 

* vehicle emissions of HC, CO and NO X (grams/mile) 

Measurements of delay are calculated by subtracting the ideal travel 

time of an unimpeded vehicle on a link from the actual travel time for 

that link. 

Network statistics are accumulated and printed at the end of the 

link statistics. These include: 

* vehicle miles; 

* vyehicle-minutes; 

* vehicle-trips; 

stops/vehicle; 

* moving/total trip time; 

* average speed (MPH); 

" mean occupancy (vehicles); 

average delay/vehicle (seconds); 

total delay (minutes); 

* delay/vehicle-mile (minutes/vehicle-mile) ; 

travel time/vehicle-mile (minutes/vehicle-mile) ; 

stopped delay as a percentage of total delay 

fuel consumption (gallons & MPG); 

" vehicle emissions of HC, CO, and NO X (grams/mile). 

Since NETSIM does not generate statistics for entry links, it is 

necessary to incorporate dummy nodes into the network. For this thesis, 

a dummy node was placed upstream of each node on the boundary of the
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networks being studied. 

4.3 Prices Fork Road Arterial   

The first network investigated is an open network of four inter- 

sections along Prices Fork Road, located in Blacksburg, Virginia. 

Prices Fork Road is a four lane divided street with exclusive left turn 

bays at all intersections. The TRANSYT link-node diagram is shown in 

Figure 4.2. Node 3, the intersection of Prices Fork and Tom's Creek 

Road is the critical intersection in the system. The critical lane 

volume of Tom's Creek Road is more than five times that of Prices Fork 

Road. Nodes 1 and 4 have cross street critical lane volumes equal to 

or greater than the Prices Fork Road critical lane volumes. 

The TRANSYT link-node diagram was developed so it would give an 

accurate representation of the actual traffic flow conditions. Signif- 

icant left turn volumes were separated from the through and right turn 

volumes by giving them a separate link. For the case of very small 

left turn volumes (under five vph), left turns were added to the 

through movements and saturation flow rates were based only on the 

through lanes. 

The NETSIM link-node diagram is shown in Figure 4.3. Nodes 801- 

808 are entry nodes through which vehicles are generated into the net- 

work. Nodes 1, 3, 5, 6, 8, 9, 11 and 12 are “dummy" nodes which were 

added so that statistics would be generated for vehicles entering the 

network.
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4.4 Arlington County   

The second network analyzed is a section of Arlington, Virginia, 

consisting of a total of 24 intersections, 20 of which are signalized. 

The section studied is the Wilson Boulevard - Rosslyn area of Arlington 

County. This area is on the border of Washington, D.C. and handles a 

large amount of traffic entering and exiting the Nations Capital. Most 

of the traffic in the network is funneled onto Key Bridge, one of the 

five bridges linking Northern Virginia and the District of Columbia. 

The TRANSYT link-node diagram is presented in Figure 4.4. For 

the A.M. peak studied, there are three major flows of traffic through 

the network. The first is along Wilson Boulevard from node 118 (Wilson 

Blvd. & No. Veitch St.) to node 110 (Wilson Blvd. & N. Lynn St.). The 

second flow is along North Lynn St. from node 147 (N. Lynn St. & 

Fairfax Dr.) to node 154 (N. Lynn St. & W.B. Lee Highway). At node 

110, 54% of the volume travelling along Wilson Blvd. (links 1102 & 

1103) turn left into the major flow on N. Lynn St. (link 1481). The 

third major flow is along E.B. Lee Highway (link 2531). Lee Highway 

and Wilson Boulevard are two of the five arterials and expressways 

which carry traffic East and West across Arlington County. At node 253, 

38% of the traffic from Lee Highway turn left onto N. Lynn St. The 

traffic along N. Lynn St. exits the network through node 154 onto Key 

Bridge and into Washington, D.C. 

The NETSIM link-node diagram is presented in Figure 4.5. Due to 

the necessity of "dummy" nodes, the NETSIM network required a total of 

71 nodes. As was mentioned previously, the Arlington network was
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saturated, requiring that the maximum-occupancy of the NETSIM program 

be increased from 1600 to 2500 vehicles. Nodes 1-20 are the signalized 

intersections of the network. Nodes 801-827 are entry and exit nodes. 

Nodes 45, 46, 52 and 54 are the four non-signalized intersections in- 

cluded in the study. Nodes 40-44, 47-51, 53, and 55-63 are "dummy" 

nodes. Since there exists an underpass beneath node 8 (Wilson Blvd. & 

Ft. Myer Dr.) a sink node on link 18, 8 and source node on link 8, 10 

were implemented to model the traffic using the underpass.



CHAPTER 5 

ANALYSIS 

This chapter presents the results obtained from the TRANSYT 7 and 

NETSIM computer runs. The analysis period for both networks is the 

A.M. peak hour. The analysis is divided into two parts; part one, the 

Prices Fork Road network; and part two, the Arlington County network. 

5.1 Prices Fork Road   

For the Prices Fork Road network, 72 combinations of cycle length 

and stop penalty were entered into the TRANSYT 7 program. The entry 

flow rates corresponding to the NETSIM link-node diagram (Figure 4.3) 

are given in Table 5.1. The values of delay, stops, speed and perform- 

ance index generated by TRANSYT 7 are shown in Tables A.I1 - A.8 for 

cycle lengths of 60 to 120 seconds. According to the TRANSYT documen- 

tation [8], a stop penalty of zero will minimize delay, and as the stop 

penalty increases, stops will decrease and delay will increase. This 

was not always the case as can be seen in the data presented in Tables 

A.1 - A.8. With the exception of the 70 second cycle, the values of 

delay predicted by TRANSYT were inconsistent with its logic for all 

cycle lengths tested. Delay was not always minimized with a stop 

penalty of zero, and delay did not always increase with the stop pen- 

alty. For the 70, 75, 90 and 120 second cycle lengths the stops pre- 

dicted by TRANSYT 7 failed to follow its logic. For all these cycle 

lengths there were incidents where predicted stops increased with a 

larger stop penalty. 

- 37 -
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TABLE 5.1 - Entry Link Flow Rates 
(Prices Fork Road) 
  

  

Flow Rate 

Link (Veh/Hr) Lanes 

801, 1 856 2 

802, 3 500 2 

803, 5 8 1 

804, 6 136 2 

805, 8 936 2 

806, 9 88 1 

807, 11 708 2 

808, 12 400 2
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The performance index is the measure of effectiveness produced by 

TRANSYT normally used to compare different timing plans. Plots of per- 

formance index versus cycle length for different stop penalties are pre- 

sented in Figures A.1 - A.9. For most of the stop penalties tested 

(Figures A.1 - A.7) there is a smooth relationship between performance 

index and cycle length. The performance index decreases to a minimum 

and then increases as cycle length increases. For the larger stop pen- 

alties of 100, and 1000 there is an irregular relationship between the 

performance index and cycle length. For the stop penalty equal to 100 

(Figure A.8), a local minimum occurred at 90 seconds. For a stop pen- 

alty of 1000 (Figure A.9) local minima occurred at 80 and 100 seconds 

and the global minimum at a 140 second cycle length. 

Once the TRANSYT runs had been completed, the resulting timing 

plans were entered into NETSIM. A simulation time of one hour was used 

for each NETSIM run. A single NETSIM run was executed for each TRANSYT 

timing plan and the seed for the random number generator was constant 

for all NETSIM runs. Fuel consumption, stops and delay are estimated 

by NETSIM through microscopic simulation. The values of fuel consump- 

tion efficiency (FCE) in MPG for the Prices Fork Road network are given 

in Table 5.2. These values are plotted against cycle length for the 

nine stop penalties in Figures A.10 - A.18. The graphs of performance 

index versus cycle length indicate an optimal cycle length in the 70 to 

90 second range for all stop penalties except 1000. The plots of FCE 

show a similar trend, with the optimal cycle length in the 70 to 80 

second range. Both sets of graphs show that as cycle length falls
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TABLE 5.2 - NETSIM Fuel Consumption Efficiency 
Prices Fork Road 
  

  

Cycle Cycle Cycle Cycle 
TRANSYT Length Length Length Length 
Stop = 60 Sec. = 70 Sec. = 75 Sec. = 80 Sec. 
Penalty (MPG) (MPG) (MPG) (MPG) 

0 7.24 9.3] 10.13 10.13 
6 6.74 9.50 9.90 9.65 

10 7.02 10.50 9.90 10.22 
20 7.02 10.08 10.42 9.82 
40 6.79 9.53 10.26 9.82 
60 6.82 9.53 8.66 10.33 
80 6.83 9.63 10.08 10.30 

100 7.34 9.74 10.08 10.32 
1000 6.42 9.58 8.1] 8.82 

Cycle Cycle Cycle Cycle 
TRANSYT Length Length Length Length 
Stop = 90 Sec. = J00 Sec. = 120 Sec. = 140 Sec. 
Penalty (MPG) (MPG) (MPG) (MPG) 

0 8.93 8.76 7.9] 7.99 
6 9.58 8.63 8.25 7.99 

10 9.47 7.82 8.35 8.27 
20 9.25 8.20 6.79 8.14 
40 9.05 8.29 5.95 5.64 
60 8.3] 7.82 6.41 6.17 
80 8.29 8.16 6.58 5.98 

100 8.44 8.10 7.01 5.50 
1000 9.03 7.79 6.57 4.59
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below 70 seconds, the lower limit of the optimum range, fuel consump- 

tion efficiency and performance index both drastically worsen. 

For most of the stop penalties tested, there was little differ- 

ence in fuel consumption efficiency in the 70 to 80 second range. For 

the worst case, the stop penalty equal to 60, the difference was still 

only 16%. Webster [15] has shown that average delay per vehicle at an 

isolated intersection is fairly insensitive to changes in the cycle 

length for the range 0.75 Co to 1.5 Co: where Cy is the minimum delay 

cycle length. For the Prices Fork Road network, fuel consumption ef- 

ficiency is much more sensitive to changes in cycle length in a similar 

range around the optimum fuel consumption cycle length. 

Besides fuel consumption values, NETSIM also produces estimates 

of delay and stops. These values of average delay/vehicle, total de- 

lay, average stops/vehicle, and total stops are given in Tables A.9 - 

A.16. Also presented in Tables A.9 - A.16 are the corresponding values 

of total delay and stops predicted by TRANSYT. For all cases tested, 

the TRANSYT delay and stop values are much lower than those predicted 

by NETSIM. For many cases, the NETSIM estimates of total delay are two 

to almost three times greater than the TRANSYT values. Part of this 

difference can be attributed to the fact that TRANSYT calculates only 

stopped time delay and NETSIM calculates total delay. 

Since one of the objectives of this thesis is to determine whether 

or not there is a particular stop penalty which will minimize fuel con- 

sumption, NETSIM FCE was plotted versus stop penalty for each cycle 

length. These graphs are shown in Figures A.19 - A.26. From these
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plots it is not possible to determine an optimal stop penalty. The 

only stop penalty to produce optimum fuel consumption efficiency for 

more than one cycle length was a value of ten. Stop penalties of 0, 6, 

20, 60 and 100 also produced optimum FCE. 

The performance index of TRANSYT, the normal measure of effec- 

tiveness used to evaluate alternate timing strategies, was tested for 

its ability to predict minimum fuel consumption. Plots of NETSIM pre- 

dicted total fuel consumption (in gallons per hour) versus performance 

index are given in Figures A.27 - A.35. For only one case, the stop 

penalty equal to six, did the minimum performance index give minimum 

fuel consumption. For the stop penalty equal to 1000, there is an 

almost inverse relationship, with fuel consumption decreasing as per- 

formance index increases. For the other stop penalties tested (0, 10, 

20, 40, 60, 80, 100), fuel consumption is very sensitive to small 

changes in the performance index in the vicinity of the optimal perform- 

ance index. 

Because the performance index of TRANSYT was unable to show any 

consistent relationship with fuel consumption, the TRANSYT values of 

total delay and stops/second were plotted against NETSIM FCE. FCE 

versus total TRANSYT delay (vehicle-hours/hour) is shown in Figure 5.1. 

Nothing definite can be determined from this graph. Although the 

general trend of the data might indicate that minimum delay maximizes 

FCE, the data is too dispersed to state this conclusively. NETSIM FCE 

versus TRANSYT generated stops/second is shown in Figure 5.2. As was 

the case with NETSIM FCE versus TRANSYT delay, no relationship can be
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FIGURE 5.1 - NETSIM FCE vs. TRANSYT TOTAL DELAY 

(Prices Fork Road)
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determined from the plot of NETSIM FCE versus TRANSYT stops/second. 

Once it was determined for the Prices Fork Road network that 

TRANSYT could not be used as a direct means for minimizing fuel con- 

sumption, the NETSIM values of delay and stops were analyzed. Figure 

5.3 shows that the plot of NETSIM FCE versus NETSIM average delay/vehi- 

cle. The figure shows a very smooth relationship between FCE and aver- 

age delay/vehicle. When average delay is at a minimum FCE is at a 

maximum and conversely, when average delay is greatest, FCE is lowest. 

The same relationship is true for FCE versus average stopped time de- 

lay/vehicle, shown in Figure 5.4. The timing plan which produces both 

minimum delay and maximum FCE was generated using a 70 second cycle 

length and stop penalty equal to 10. 

One of the objectives of this thesis is to examine the effect of 

vehicle stops on network fuel consumption. Figure 5.5 shows the plot 

of NETSIM FCE versus NETSIM values of average stops/vehicle. Again 

there is no clear relationship to be found. Another objective of this 

research is to analyze the relationship between vehicle stops and ve- 

hicle delay. Figure 5.6 gives a plot of NETSIM average delay/vehicle 

against NETSIM average stops/vehicle. Nothing conclusive can be drawn 

from neither this plot nor the graph of NETSIM average stopped time 

delay/vehicle versus NETSIM average stops/vehicle (Figure 5.7). The 

only definite point from either graph is that the timing plan which 

produced the minimum stops (cycle length = 140 seconds) also produced 

the maximum delay. 

The final piece of data from the NETSIM analysis is the number



~ 46 - 

10.8 — 

10.4 — 

10.0 + be 

9.6 — s 

8.8 — * 

8.4 

8.0 — 

7.6 — 

NETS IM 

FCE (MPG) 7.9 

6.8 _] : . 

6.4 

6.0 _ 

5.6 — . 

5.2 

4.8 

4.4   C 

  

T TOI | TTT ] 

0 20 40 60 70 80 90 12100 110120 130 140 

NETSIM AVERAGE DELAY/VEHICLE 

FIGURE 5.3 ~ NETSIM FCE vs. NETSIM Average Delav/Vehicle 
(Prices Fork Road)



-~ 47 - 

10.8 — 

10.4 = 

10.0 - 

9.6 4 4 

9.2 4 

8.8 

8.4 

8.0 * 

7.6 

7.2 

6.8 

N
E
T
S
I
M
 

FC
E 

(M
PG

) 

6.4 2 

6.0 

5.6 — 

5.2 1 

4.8 _ 

4.4 
| 

” 

o Lo 
ff J 

0 20 40 60 80 100 120 140 160 180 200 220 

NETSIM STOPPED TIME DELAY/VEHICLE (SECONDS) 

  
FIGURE 5.4 - NETSIM FCE vs. NETSIM Stopped Time Delay/Vehicle 

(Prices Fork Road)



N
E
T
S
I
M
 

FC
E 

(M
PG

) 

  

~ 48 - 

  

10.4 -— 

10.0 4 

9.6 J 

9.2 _ 

8.8 — . 

8.4 

8.0 _ ‘ 

7.6 2 

2 
7 ~ 

6.8  o . 

6.4 . 5 

6.0 _ 

5.6 

5.20 

4.8 

4.4 | 

yb 

0 Uy, TTT TT 

0 .96 1.04 1.12 1.20 1.28 1.36 

AVERAGE STOPS/VEHICLE 

FIGURE 5.5 - NETSIM FCE vs. NETSIM Stops/Vehicle 
  

(Prices Fork Road)



-~ 49 - 

    

240 J 

220 

200 _ 

180 TU 

6160 Ld 
oO 
kei 

a 

@ 140 _] 
™ UF 

a O 

$8120 _| a 
fl © 
Aw 

nm 199 ° 
g _ es ° 

= 80 

60 _J 

40 _] vat 

20 

0 VA oo oo Ooo oor ooo 

0 ~96 1.04 1.12 1.20 1.28 1.36 

AVERAGE STOPS/VEHICLE 

FIGURE 5.6 - NETSIM Delay/Vehicle vs. NETSIM Stops/Vehicle 
  

(Prices Fork Road)



A
V
E
R
A
G
E
 

S
T
O
P
P
E
D
 

TI
ME

 
D
E
L
A
Y
/
V
E
H
I
C
L
E
 

-~ 50 - 

    

220 

200 _! 

180 _ 

140 

@i120 — ‘ 
a 
5 S100 _ 
2 

80 _ 

60 — 

40 

20 4 Se tee 

> L, 
PT ] | ] TT ] T ] T 

0 96 1.04 1.12 1.20 1.28 1.36 

AVERAGE STOPS/VEHICLE 

FIGURE 5.7 - NETSIM Stopped Time Delay/Vehicle vs. 
  

NETSIM Stops/Vehicle 
(Prices Fork Road) 
 



- 51 - 

of vehicles that each signal timing plan was able to carry. The num- 

ber of vehicle trips for each cycle length and stop penalty are given 

in Table 5.3. 

5.2 Arlington County 
  

A similar analysis of the TRANSYT 7 and NETSIM computer turns 

was made for the Arlington County network. 132 different combinations 

of cycle length and stop penalty were run with the TRANSYT 7 computer 

program for the Arlington County network. The entry link flow rates 

corresponding to the NETSIM link-node diagram (Figure 4.5) are given 

in Table 5.4. The cumulative network totals of delay, stops per sec- 

ond, and network performance index obtained from TRANSYT are given in 

Tables A.17 — A.28. As was the case for the Prices Fork Road network, 

the TRANSYT 7 estimates of delay and stops did not follow the logic of 

the program. For every cycle length tested there are inconsistent 

values of delay and stops. 

The plots of performance index versus cycle length are shown in 

Figures A.36 - A.45. For most of the stop penalties evaluated there 

appears to be a smooth relationship between performance index and cycle 

length. The exception being the higher stop penalties 100, 200, and 

1000, as happened with the Prices Fork Road network. For the timing 

plan utilizing a zero stop penalty, the performance index increased 

drastically for cycle lengths less than the optimal 70 second cycle. 

For stop penalties from 6 to 100 the performance index is much less 

sensitive to cycle lengths less than the optimum. The optimal cycle 

length for the ten different stop penalties range from 70 seconds to
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TABLE 5.3 - NETSIM Estimated Vehicle Trips Per Hour 
Prices Fork Road 
  

  

TRANSYT Cycle Cycle Cycle Cycle 
Stop Length Length Length Length 
Penalty = 60 Sec. = 70 Sec. = 75 Sec. = 80 Sec. 

0 3571 3629 3640 3641 
6 3561 3635 3638 363] 

10 3574 3643 3638 3635 
20 3574 3638 3640 3629 
40 3566 3627 3640 3629 
60 3568 3627 3597 3639 
80 3562 3628 3640 3641 

100 3581 3635 3640 3637 
1000 3550 3634 3427 3603 

TRANSYT Cycle Cycle Cycle Cycle 
Stop Length Length Length Length 
Penalty = 90 Sec. = 100 Sec. = 120 Sec. = 140 Sec. 

0 3619 3612 3585 3608 
6 3625 3611 3596 3603 

10 3624 3591 3599 3613 
20 3625 3599 3533 3611 
40 3615 3608 3508 3495 
60 3610 3590 3504 3510 
80 3558 3609 3520 3508 

100 3551 3604 3546 3489 
1000 3623 3473 3512 3494
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Entry Link Flow Rates 
  

(Arlington County) 

Flow Rate 

(Veh/Hr) 
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80 seconds. Also, as the stop penalty increased so did the optimal 

cycle length. 

Of the 132 TRANSYT 7 runs, 90 of the timing plans were entered 

into NETSIM for fuel consumption evaluation. As in the Prices Fork 

Road analysis, a single one hour simulation NETSIM run was executed for 

each TRANSYT generated timing plan. Again, the seed for the random 

number generator in NETSIM was the same for all runs so as to predict 

accurate trends. The TRANSYT 7 timing plans evaluated were; cycle 

lengths of 60, 65, 70, 75, 80, 85, 90, 95 and 100 seconds with stop 

penalties of 0, 6, 10, 20, 40, 60, 80, 100 and 200; 60, 65, 70 and 75 

second cycles with a stop penalty of 1000; and cycle length of 110, 120 

and 140 seconds with stop penalties of 10 and 20. The values of FCE 

found from NETSIM are given in Table 5.5. These values are plotted 

against cycle length for the different stop penalties and shown in Fig- 

ures A.46 - A.54. The range of optimal cycle lengths found for the 

different stop penalties is almost as wide as the range of cycle 

lengths. The optimal range is 60 to 100 seconds with optimal FCE cycle 

lengths occurring at 60, 75, 80, 85 and 100 seconds. For the Arlington 

County network, except when a stop penalty of zero is used, there is no 

dramatic decrease in FCE for cycle lengths less than the optimum. 

The next relationship to be investigated is between the TRANSYT 

stop penalty and NETSIM FCE. The plots of this relationship for each 

cycle length are shown in Figures A.55 - A.63. Similar to the Prices 

Fork Road network, no particular stop penalty consistently produced 

maximum FCE. Stop penalties of 10 and 20 produced optimal FCE for
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TABLE 5.5 - NETSIM Fuel Consumption Efficiency 
  

Arlington County, Virginia 
  

Cycle Cycle Cycle 
TRANSYT Length Length Length 
Stop = 60 Sec. = 65 Sec. = 70 Sec. 
Penalty (MPG) (MPG) (MPG) 

0 4.89 5.98 6.62 
6 5.43 6.02 5.66 

10 4.98 5.06 6.86 
20 6.06 4.69 5.12 
40 5.31 4.60 4.86 
60 6.39 4.14 4.95 
80 6.03 4.59 4.95 

100 6.11 4.47 4.87 
200 7.26 6.90 5.42 

1000 4.82 5.43 5.45 

Cycle Cycle Cycle 
TRANSYT Length Length Length 
Stop = 80 Sec. = 85 Sec. = 90 Sec. 
Penalty (MPG) (MPG) (MPG) 

0 5.58 5.81 5.57 
6 6.5] 5.40 5.28 

10 6.43 7.68 7.38 
20 7.22 7.04 6.67 
40 6.23 6.86 6.06 
60 5.84 5.72 6.19 
80 6.05 5.87 6.02 

100 5.99 5.87 6.02 
200 6.58 5.26 5.97 

| Cycle Cycle Cycle 
TRANSYT Length Length Length 
Stop = 100 Sec. = 110 Sec. = 120 Sec. 
Penalty (MPG) (MPG) (MPG) 

0 5.10 -- -- 
6 6.00 -- -- 

10 7.00 5.98 5.58 
20 5.87 6.70 5.18 
40 5.92 -- -- 
60 6.39 -- -- 
80 6.03 -- -- 

100 6.19 -- -- 
200 5.62 -- --
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three cycle lengths each, 200 twice, and a zero stop penalty once. 

The performance index was again of no help in finding a way to 

analyze TRANSYT results which would give maximum FCE. The plots of 

NETSIM FCE versus performance index are shown in Figures A.64 - A.72. 

From the graphs it can be seen that there is no consistent relationship 

between NETSIM FCE and TRANSYT performance index. In a couple of 

cases, the highest FCE was obtained from a signal timing plan with the 

worst performance index (stop penalties equal to 60 and 200). 

Since the performance index was unable to help define optimal FCE 

for the Arlington County network, NETSIM FCE was plotted against 

TRANSYT total delay, and TRANSYT stops/second as was done for the 

Prices Fork Road network. Neither the delay (Figure 5.8) or stops 

(Figure 5.9) predicted by TRANSYT show any kind of relationship to 

NETSIM FCE. 

As happened with the Prices Fork Road network, no useful relation- 

ship could be obtained between the TRANSYT 7 results and the NETSIM 

values of FCE. Therefore, the NETSIM values of stops and delay were 

analyzed for the Arlington County network as well. The values of aver- 

age delay/vehicle, total delay, average stops/vehicle, and total stops 

obtained from NETSIM are given in Tables A.29 - A.40 and compared to 

the TRANSYT values for the same cycle length and stop penalties. The 

figures in these tables show a tremendous difference in the values ob- 

tained from the two programs. The NETSIM values of delay for almost 

every case are five to ten times greater than the TRANSYT values of 

delay. The NETSIM values of total stops are generally about twice as
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many as the number of TRANSYT stops. 

NETSIM FCE was plotted versus NETSIM average delay/vehicle and 

average stopped delay/vehicle. Both graphs (Figures 5.10 and 5.11) 

show a very definite relationship between delay and FCE. As with the 

Prices Fork Road network, when delay is minimized (either average or 

stopped time delay/vehicle) FCE is maximized. 

To further analyze the relationship between stops and fuel con- 

sumption, Figure 5.12 shows the plot of FCE versus NETSIM values for 

average stops/vehicle. Like the Prices Fork Road network, the NETSIM 

values for the Arlington County network show no definite relationship 

between FCE and stops/vehicle. The lack of a definite relationship 

also occurred when the NETSIM values of average delay/vehicle were 

plotted against the average stops/vehicle predicted by NETSIM (Figure 

5.13). 

The number of vehicles that NETSIM estimated the Arlington County 

network could carry for each signal timing plan are given in Table 

5.6. It is generally believed that longer cycle lengths have greater 

capacity than shorter cycle lengths since the amount of lost time is 

reduced and therefore usable green time is increased. For this network 

the capacity is greatest for cycle lengths in the 85 to 100 second 

range. As the cycle length is increased over 100 seconds, the few data 

points available indicate that the capacity of the Arlington County 

network decreases. Two additional NETSIM runs were attempted for a 140 

second cycle with a stop penalty of 20 and a 300 second cycle with a 

stop penalty of 10. The 300 second cycle was attempted so the theory
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that capacity increases with cycle length could be tested. Un- 

fortunately, the NETSIM program was unable to handle either of these 

timing plans due to its maximum-occupancy limit being reached.



CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 
  

This final chapter presents the conclusions drawn from the 

analysis of the data presented in Chapter 5. The NETSIM results are 

the basis from which most conclusions are made. The conclusions given 

attempt to answer the questions raised in Chapter 2, Goals and Objec- 

tives. Recommendations for further research are also presented. 

6.1 Consistency of TRANSYT 7   

One of the first questions raised when this thesis began was: 

How does TRANSYT perform and is it consistent with its logic? From the 

data presented in Chapter 5, it is concluded that TRANSYT does not per- 

form in a truly consistent manner. There were many cases where delay 

decreased and stops increased when the TRANSYT logic dictates otherwise. 

This inconsistency could be caused by the hill-climbing procedure in 

TRANSYT. Since it is only an approximating optimization method, it 

could lead to some inconsistent results. 

6.2  TRANSYT 7 As a Means to Minimize Fuel Consumption   

A second goal of this thesis was to determine if TRANSYT 7 could 

be used so as to minimize fuel consumption in signalized networks. 

Based on the output from the TRANSYT 7 and NETSIM computer runs it is 

not possible to determine from TRANSYT 7 alone whether the signal tim- 

ing plan it has developed will minimize fuel consumption or not. Of 

the three principle measures of effectiveness produced from TRANSYT 
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(delay, stops and performance index) none showed any definite relation- 

ship with fuel consumption efficiency. Attempts to find a stop penalty 

which consistently minimizes fuel consumption also failed. No one stop 

penalty was found that would accomplish this. Although stop penalties 

of 10 and 20 minimized fuel consumption for several cycle lengths, there 

was no evidence to support the TRANSYT documentation's claim that 

"values up to 20 tend to minimize fuel consumption". Several stop 

penalties other than 10 and 20 also minimized fuel consumption for 

different cycle lengths. 

6.3 Accuracy of TRANSYT 7 
  

Webster's delay equation [15] was used to estimate average delay 

per vehicle on several links entering the two study networks. Since 

these links were on the border of the networks their flow characteris- 

tics would be similar to an isolated intersection. For most all of the 

links evaluated the values of delay obtained from Webster's equation 

were very similar to the values predicted by NETSIM. The TRANSYT 7 

values were significantly less than those of Webster's and NETSIM. 

The cases where Webster's and NETSIM were greatly different occured 

when NETSIM indicated a saturated link downstream thereby causing in- 

creased delay on the upstream link. The major weakness in TRANSYT's 

traffic model appears to be its inability to accurately model satu- 

rated conditions. This is a situation where TRANSYT could be most 

beneficial, but instead it is its weakest point.
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6.4 Fuel Consumption vs. Cycle Length   

From the previous work regarding fuel consumption and cycle 

length, there were some conflicting views on this subject. Bauer and 

Courage were proclaiming longer cycle lengths would minimize fuel con- 

sumption. While on the other hand, Hurley and Ball, and Cohen and 

Euler were claiming that the minimum delay cycle would also produce 

minimum fuel consumption. The analysis performed for this thesis 

showed that FCE in the two networks is maximized when average delay/ 

vehicle is minimized. This is perhaps the most significant finding of 

this thesis. Delay, the measure of effectiveness normally used for 

evaluating traffic signal settings may also be used to evaluate fuel 

consumption in networks. 

6.5 Fuel Consumption vs. Vehicle Stops 
  

From Claffey's data, it was reasonable to assume that if one 

could minimize or lower the number of stops, without increasing delay 

significantly, fuel consumption could be minimized. After analyzing 

the plots of FCE versus stops/vehicle and FCE vs. delay/vehicle, it 

was concluded that stops have much less influence on FCE than was pre- 

viously believed. From the analysis it was found that delay is the 

critical element in traffic flow and not stops. It was also found that 

no relationship could be determined between stops and delay. 

6.6 Final Conclusions   

When this research first began, there were hopes that TRANSYT 

would be found to be a reliable, accurate tool that the traffic
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engineer could use with confidence. Now, that hope of confidence has 

changed to a warning of caution. One should beware of placing trust 

in the TRANSYT traffic model under high volume conditions. Perhaps 

under light flow conditions TRANSYT may be more reliable. If TRANSYT 

signal timings are implemented, it is recommended that field studies 

of delay be made before and after the signal strategy is implemented. 

The field data can be used to evaluate the effect of the TRANSYT signal 

timing strategy and be compared with the values predicted by TRANSYT. 

Unfortunately, such data collection would be both time consuming and 

expensive, and would be contrary to the basic purpose of a model. 

Although TRANSYT was not found to be the reliable tool as hoped, 

a significant finding was made. For the two networks analyzed, fuel 

consumption appears to be totally dependent upon delay. No other vari- 

able tested showed any relationship with fuel consumption. Although 

they may not have known it, traffic engineers who have been timing 

their traffic signals to minimize delay have also been minimizing the 

fuel consumption at their signals. The question is, have they been 

doing this accurately? 

  

6.7 Recommendations 

As was stated in Chapter 2, the intersection is the "location 

where most accidents occur, where the greatest delay occurs, where the 

most fuel is wasted, where congestion is the greatest, and where land 

use tends to be in greatest conflict with the highway" [7]. With this 

many problems associated with one element of our transportation net- 

work, there is much research that could be performed to study ways of



- 70 - 

improving our intersections. 

Due to the time and cost factors involved with executing the 

NETSIM program, the network analysis was limited to only two networks 

and one level of demand for each. Greater confidence in the data 

trends shown in this thesis could be gained by either examining these 

same networks for the off-peak and P.M. peak periods or different net- 

works with different demands. 

Another area of possible study could involve testing TRANSYT in 

a light volume network. Both of the networks analyzed for this thesis 

had saturated links. It would be worthwhile to test TRANSYT's accuracy 

in networks free of saturated links. 

Prices Fork Road has very high cross-street volumes, therefore 

another arterial with only minor cross-street flows would be worth 

analyzing. Perhaps in this situation, stops would be found to have 

more of a relationship with fuel consumption than was found in this 

research. 

This thesis examined only TRANSYT 7's ability to minimize fuel 

consumption in networks. Another possibility would be to perform a 

similar analysis using SIGOP to generate the signal timing plans. 

Since TRANSYT was found to have some severe shortcomings, re- 

search could be concentrated on improving its accuracy, particularly 

in its delay model. One possibility could be to include an estimate 

of deceleration and acceleration delay in the TRANSYT model. Presently 

TRANSYT estimates only stopped time delay. Average deceleration delay/ 

vehicle was added to the TRANSYT delay values for several entry links
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of the two networks analyzed and then compared to the NETSIM values 

of average delay/vehicle. The values of deceleration delay were 

calculated by multiplying the probability of stopping, obtained from 

Webster's equation [15], times the deceleration delay time given by 

Winfrey [29]. The values of TRANSYT delay, the added deceleration de- 

lay, the adjusted TRANSYT delay, and the NETSIM delay are given in 

Table 6.1. The adjusted values of TRANSYT delay are much closer to 

the NETSIM delay values. Because these were entry links, only de- 

celeration delay was added. For internal links, TRANSYT could be 

altered so that it would estimate acceleration delay to vehicles 

leaving the upstream node and then add this to the deceleration delay 

at the downstream node. 

Although TRANSYT has its weaknesses, it is still perhaps the 

best available program. The final comment on TRANSYT is, if it is to 

be used, it should be used with caution and with field monitoring.
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TABLE 6.1 - Comparison of TRANSYT Adjusted 
  

Delay With NETSIM Delay   

TRANSYT Deceleration 
Delay Delay 

(Sec/Veh) (Sec/Veh) 

10.881 4.558 

10.149 5.023 

10.149 5.023 

5.815 4,047 

1.249 1.669 

7.307 3.190 

6.918 2.978 

7.386 2.861 

17.968 4.358 

8.087 3.084 

10.490 3.221 

Adjusted 

TRANSYT 

Delay 
(Sec/Veh) 

15 

15 

15 

10 

10 

22 

ll. 

13. 

-439 

172 

172 

-862 

-918 

497 

-896 

247 

- 326 

171 

711 

NETS IM 
Delay 

(Sec /Veh) 

18.2 

16.2 

16.7 

11.9 

4.6 

11.0 

10.6 

10.3 

19.0 

11.7 

15.0
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FIGURE A.17 - NETSIM FCE vs. Cycle Length 
(Stop Penalty = 100, 
Prices Fork Road) 
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FIGURE A.18 - NETSIM FCE vs. Cycle Length   
(Stop Penalty = 1000, 
Prices Fork Road)
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(Cycle Length = 80 Seconds, Prices Fork)



N
E
T
S
I
M
 

FC
E 

(M
PG
) 

- 139 - 

9.4 — 

9.2 — 

9.0 — 

8.8 — 

8.2   
0 6 C _/ £ 

I | | | poof # | 

0 20 40 60 80 100 1000 

TRANSYT Stop Penalty 
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Figure A.27 —- Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 0, Prices Fork Road) 
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Figure A.28 - Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 6, Prices Fork Road)
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Figure A.29 ~- Fuel Consumption vs. TRANSYT Performance 
  

Index 

(Stop Penalty = 10, Prices Fork Road)
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Figure A.30 - Fuel Consumption vs. TRANSYT Performance 

Index 
(Stop Penalty = 20, Prices Fork Road)
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Figure A.31 - Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 40, Prices Fork Road) 
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Figure A.32 - Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 60, Prices Fork Road)
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Figure A.33 - Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 80, Prices Fork Road) 
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Figure A.34 - Fuel Consumption vs. TRANSYT Performance 
Index 

(Stop Penalty = 100, Prices Fork Road)
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(Stop Penalty = 0, Arlington County)
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FIGURE A.38 - TRANSYT Performance Index vs. Cycle Length 
(Stop Penalty = 10, Arlington County)
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FIGURE A.39 - TRANSYT Performance Index vs. Cycle Length 
  

(Stop Penalty = 20, Arlington County)
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FIGURE A.40 - TRANSYT Performance Index vs. Cycle Length 
(Stop Penalty = 40, Arlington County) 
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Figure A.41 - TRANSYT Performance Index vs. Cycle Length 
(Stop Penalty = 60, Arlington County)
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Figure A.42 - TRANSYT Performance Index vs. 
Cycle Length 

(Stop Penalty = 80, 
Arlington County) 

 



T
R
A
N
S
Y
T
 

P
e
r
f
o
r
m
a
n
c
e
 

I
n
d
e
x
 

- 159 - 

520 = . 

510 ™ 

500. ™ 

490 _ 

480 — . 

470 = 

460 — 

450 = 

440 = 

430 = 

420 . ; 

410 — . 

400 - 

o ty TTT TTT 
0 60 70 80 90 100 110 120 130 140 

  
  

Cycle Length (Seconds) 

Figure A.43 - TRANSYT Performance Index vs. 
Cycle Length 

(Stop Penalty = 100, 

Arlington County) 
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Figure A.44 - TRANSYT Performance Index vs. 
Cycle Length 

(Stop Penalty = 200, Arlington County) 
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Figure A.45 — TRANSYT Performance Index vs. 
  

Cycle Length 
(Stop Penalty = 1000, 
Arlington County)
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Figure A.46 - NETSIM FCE vs. Cycle Length 
(Stop Penalty = 0, 
Arlington County) 
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Figure A.48 — NETSIM FCE vs. Cycle Length 
(Stop Penalty = 10, 

Arlington County)
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Figure A.49 - NETSIM FCE vs. Cycle Length 
(Stop Penalty = 20, 
Arlington County) 
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Figure A.50 -— NETSIM FCE vs. Cycle Length 
(Stop Penalty = 40, 
Arlington County) 
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Figure A.51 - NETSIM FCE vs. Cycle Length 
(Stop Penalty = 60, 
Arlington County) 
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Figure A.52 -— NETSIM FCE vs. Cycle Length 
(Stop Penalty = 80, 
Arlington County) 
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Figure A.53 ~ NETSIM FCE vs. Cycle Length 
(Stop Penalty = 100, 

Arlington County)
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Figure A.54 - NETSIM FCE vs. Cycle Length 
(Stop Penalty = 200, 

Arlington County) 
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FIGURE A.55 - NETSIM FCE vs. TRANSYT Stop Penalty 

(Cycle Length = 60 Seconds, 

Arlington County) 

 



N
E
T
S
I
M
 

FC
E 

(M
PG
) 

7.0 

6.8 

6.6 

6.4 

6.2 

6.0 

5.8 

5.6 

5.4 

5.2 

5.0 

4.8 

4.6 

4.4 

4.2 

4.0 

- 172 - 

  
  TTT Tt ot Ar 

0 10 20 30 40 50 60 70 80 90 100 200 1000 

TRANSYT Stop Penalty 

Figure A.56 - NETSIM FCE vs. TRANSYT Stop Penalty 

(Cycle Length = 65 Seconds, 
Arlington County)
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Figure A.5/7 -— NETSIM FCE vs. TRANSYT Stop Penalty 

(Cycle Length = 70 Seconds, 
Arlington County) 
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Figure A.58 ~- NETSIM FCE vs. TRANSYT Stop Penalty 

(Cycle Length = 75 Seconds, 
Arlington County) 
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Figure A.59 - NETSIM FCE vs. TRANSYT Stop Penalty 
(Cycle Length = 80 Seconds, 
Arlington County) 
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Figure A.60 -—- NETSIM FCE vs. TRANSYT Stop Penalty 

(Cycle Length = 85 Seconds, 
Arlington County) 
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FIGURE A.61 - NETSIM FCE vs. TRANSYT STOP PENALTY 

(Cycle Length = 90 Seconds, 
Arlington County)
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Figure A.62 - NETSIM FCE vs. TRANSYT Stop Penalty 

SL. 
174 7 

90 100 200 

  

(Cycle Length = 95 Seconds, 
Arlington County)



NE
TS
IM
 

FC
E 

(M
PG

) 

- 179 - 

7.0 — 

6.4 7 . 

6.2 - 

6.0 . 

5.8 = 

5.6 = . 

5.2 — 

2,
 

—
w
 

5.0 ™   
  

JL 
| | | 1 1 1 1 | Peed 

60 70 80 90 100 200 oO 

_
 

©
 

i)
 

©
 

Wo
 

©
 

>
 

©
 

in
 

cm
) 

TRANSYT Stop Penalty 

Figure A.63 ~— NETSIM FCE vs. TRANSYT Stop Penalty 
(Cycle Length = 100 Seconds, Arlington County)
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FIGURE A.64 - NETSIM FCE vs. TRANSYT Performance Index 
  

(Stop Penalty = 0, Arlington County)
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FIGURE A.65 - NETSIM FCE ys. TRANSYT Performance Index 
(Stop Penalty = 6, Arlington County)
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FIGURE A.66 - NETSIM FCE vs. TRANSYT Performance Index 
(Stop Penalty = 10, Arlington County} 
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NETSIM FCE vs. TRANSYT Performance Index   
(Stop Penalty = 20, Arlington County)
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FIGURE A.68 - NETSIM FCE vs. TRANSYT Performance Index 
(Stop Penalty = 40, Arlington County}
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FIGURE A.69 - NETSIM FCE vs. TRANSYT Performance Index 
(Stop Penalty = 60, Arlington County)
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FIGURE A.70 - NETSIM FCE vs. TRANSYT Performance Index 
  

(Stop Penalty = 80, Arlington County)
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FIGURE A.71 - NETSIM FCE vs. TRANSYT Performance Index 
(Stop Penalty = 100, Arlington County) 
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FIGURE A.72 - NETSIM FCE vs. TRANSYT Performance Index 
  

(Stop Penalty = 200, Arlington County)
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AN ENERGY INVESTIGATION OF SIGNALIZED 

NETWORK OPTIMIZED BY TRANSYT 7 

By 

David Easterly Hill 

(ABSTRACT) 

In the traffic engineering field today, much attention is being 

given to the area of intersection control. The intersection has long 

been recognized as the most critical element in our highway system. 

Accidents, delay, wasted fuel and congestion are greatest at intersec- 

tions. The variable having the greatest effect on traffic flow at an 

intersection or in a network of intersections is the traffic signal tim- 

ing. 

In recent years, several computer programs have been developed to 

aid the traffic engineer in signal timing. This thesis examines the ef- 

fect of the signal timing plans generated by one of the more widely used 

programs, TRANSYT 7, on the energy consumption of two signalized net- 

works. Also examined are the relationships of delay and stops to fuel 

consumption. 

The TRANSYT 7 program was used to generate signal timing plans over 

a range of cycle lengths and stop penalties. The TRANSYT 7 signal timing 

plans were entered into NETSIM, a microscopic traffic simulation program, 

to determine their effect on fuel consumption in the two study networks.


