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PREFACE 

This report is the sixth in a series of reports on National 
Cooperative Highway Research Program Project 20-3, "Optimizing Freeway 
Corridor Operations Through Traffic Surveillance, Communication and 
Controle" To date the series includes~ 

Report 488-1 "Interim Report on the Evaluation Phase" by 
Joseph A. Wattleworth, Charles E. Wallace, Moshe 
Levin and J. G. Sample. 

Report 488-2 "Evaluation of the Operational Effects of an 'On
Freeway! Control System" by Joseph A. Wattleworth 
and Charles E. Wallace. 

Report 488-3 "Development and Evaluation of a Freeway Ramp 
Control System on the Lodge Freeway" by Joseph A. 
Wattleworth~ Charles E. Wallace and Moshe Levin. 

Report 488-4 "Some Traffic System Analysis Techniques" by 
Joseph A& Wattleworth and Charles E. Wallace. 

Report 488-5 "The Development of Techniques for the Analysis of 
the Operation of Major Interchanges" by Joseph A. 
Wattleworth, Claude Archambault, Charles E. Wallace 
and James Carvell. 

Report 488-6 "An Evaluation of Two Types of Freeway Control 
Systems" by Joseph Ao Wattleworth, Kenneth G. 
Courage and James D. Carvell (with technical 
appendices by J. A. Wattleworth~ c. E. Wallace, 
K. G. Courage and M. Levin). 

Report 488~6 is the final report of the 1967 activities on NCHRP Project 
20-3~ 

As stated in the original NCHRP Project Statementj the three 
objectives of Project 20-3 during 1967 were: 

10 "To evaluate the effectiveness of the existing National Proving 
Ground surveillance~ communication~ and control system and its indi
vidual components. This evaluation should include, among other 
measures, the determination of the effectiveness of the system in 
reducing travel time in vehicle minutes in the corridor for a given or 
stated amount of travel in vehicle miles. 

2. "Determine method(s) for increasing the effectiveness of the 
system which involves the freeway and adjacent surface street network 
within the corridoro Evaluate the methods on the study site with or 
without the use of additional hardware. 
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3o "Recommend equipment configurations (that is, type and location) 
for the improved system which will represent the optimum balance in 
cost-effectiveness." 

Reports 488-1 and 488-2 were prepared to satisfy the first objec
tive, that of evaluating the National Proving Ground surveillance, 
communication and control system. Reports 488-3 and 488-4 were prepared 
to meet the second objective of determining methods for improving the 
level of service in the Lodge Freeway corridor. The ramp metering 
system which was installed on the northbound Lodge Freeway and evaluated 
in 1967 represents the improved traffic operational technique considered. 
Report 488-6 presents a summary of the work conducted during the entire 
year and, hence, is addressed to all three of the Project objectives. 

Substantial portions of Reports 488-2 and 488-3 were included in 
Report 488-6, since they represented some of the most important Project 
works Some of the analyses which were included in the earlier reports 
were refined for inclusion in the final report. Research Report 488-1 
contained detailed equipment systems analyses, traffic system analyses, 
equipment descriptions and other detailed material. Most of this infor
mation was not included in Report 488-6 because of its highly detailed 
nature and its bulk. 
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B. SUMMARY OF FINDINGS 

CONCLUSIONS OF THE EVALUATION OF THE NATIONAL PROVING GROUND TRAFFIC CONTROL 
SYSTEM 

Several operational studies and analyses were conducted for the purpose 
of evaluating the effectiveness of the "on-freeway" traffic control system on 
the John C. Lodge Freeway. The conclusions are offered with some reservations. 
The off-peak studies were of limited scope and in none of these studies were 
the sample sizes extremely large. 

The studies were conducted on only one particular traffic control system 
on one particular freeway and the results should not necessarily be transla
ted directly to other systems. The conclusions should also not be viewed ne
cessarily as applying to the general concept of "on-freeway" controls. 

The traffic control system which was evaluated was not located ideally 
to provide the greatest benefits to the motorists and this should be borne in 
mind when considering the conclusions. Due to the extension of the Lodge Free
way to the north, the traffic pattern on the Lodge Freeway has changed dras
tically since the National Proving Ground Traffic Control System was installed. 
Consequently, the congestion limits do not presently coincide with the control 
area and this fact naturally has an effect on the results of the evaluation. 

Within the limitations of these factors, the following specific conclu
sions are offered: 

1. The motorists do not decrease their speeds to coincide with 
the posted speed unless there is an apparent reason to do so. 
This would suggest that the motorists do not consider the 
changeable speeds as regulatory. 

2. The variable speed signs were not successful in increasing 
the flow rate at a critical bottleneck when there was 
adequate demand to do so (congestion upstream of the bottle
neck). 

3. The effectiveness of the overhead lane control signals appears 
to be a function of the Freeway demand. 

a. Previous research indicated that, when Freeway demand is less 
than the Freeway capacity remaining during the lane closure 
(no queueing upstream), vehicles appear to obey the red "X" 
indications and leave the closed lane farther in advance of 
the closure than with conventional advance warning. 

b. Based on the "off-peak" period studies, when Freeway demand 
is greater than the Freeway capacity remaining during the lane 
closure (queueing upstream), the effectiveness of the red "X" 
indication appeared to be much less. Vehicles left the closed 
lane sooner with overhead lane controls than under normal 
advance warning but this was not translated to reduced travel 
time because (for these demand conditions) the use of the red 
"X" indication did not increase the throughput at the lane 
closure (over that using normal lane closure techniques). 

1 



c. For the present hours of operation, the benefits of the lane 
control signals are very small, since during this time period 
the demand on the freeway is nearly always greater than the . 
remaining capacity if a lane is closed. 

4. In periods of high demand and congestion, the NPG Traffic Control 
System is incapable of balancing demand and capacity and, conse
quently, is not effective in improving traffic operation under 
normal peak period conditions. 

5. On the one day in which the "Don't Enter Ramp" signs were used, 
the volume on the four ramps which were "closed" was 23% below 
the normal volume. The compliance to this type of control was 
greater on the ramps at which a good alternate route is avail
able. 

6. The usefulness of the speed control signs as advanced warning 
devices could not be fully evaluated from the traffic opera
tional studies which were conducted and a human factors approach 
would be required for this analysis. It would appear that other 
messages might provide a more direct advance warning to the mo
torists. 

7. According to the analyses which were performed, the closed circuit 
television surveillance system was able to effect a substantial 
reduction in travel time due to the earlier removal of accidents 
and incidents which block the roadway. 

CONCLUSIONS OF THE EVALUATION OF THE RAMP METERING SYSTEM 

Any conclusions on the results of a freeway ramp metering control system 
are functions of the traffic pattern, the extent of the congestion before 
control, and the street and freeway system near the control area. With this 
in mind the following conclusions are offered on the evaluation of the effecti
veness of the ramp control system on the Lodge Freeway traffic operation: 

1. Traffic operation on the Freeway in the four-hour peak period 
was substantially improved when the control system was 
implemented and this is evidenced by the following statistics: 

a. The total input to the Freeway was decreased by about 2%; 

b. The total travel on the Freeway was not changed by the controls; 

c. The total travel time on the Freeway was about 22% (about 
1260 vehicle hours) less during the control period. Thus, 
the amount of travel on the Freeway remained about the 
same but was much more efficient. Using 250 peak periods 
of operation per year the resulting total annual travel 
time savings is 315,000 vehicle hours; 

d. Average speed and kinetic energy on the Freeway were both 
substantially higher during the control condition; and 

e. Delay on the Freeway was reduced significantly when the 
ramp controls were in effect. 
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2. The operation of the arterial streets in the Freeway corridor 
was improved somewhat even though about 850 vehicles diverted 
from the Freeway to the street system. The retiming of the 
traffic signals in a portion of the Freeway corridor in 
anticipation of this diverted traffic appeared to be primarily 
responsible for the improvement in operation on the street 
system. 

3. Based on the successful application of the concept of freeway 
ramp control on the Lodge Freeway, as well as earlier applica
tions in Houston and Chicago, it would appear that freeway 
entrance ramp control is ready to be accepted by operational 
agencies as a traffic operational device, just as other 
traffic control devices are considered at the present time. 

4. When a freeway ramp control plan is being developed, it is 
necessary to consider the freeway and the corridor area as 
an integral system. This same traffic system should also be 
considered in the evaluation of a control system. 

CONCLUSIONS ON THE COST/EFFECTIVENESS ANALYSES 

1. Based on the cost/effectiveness analysis of the "on-freeway" 
control systems which was conducted,: 

a. Only the candidate systems which include the closed circuit 
television surveillance subsystem provide reasonably low cost/ 
effectiveness ratios because this subsystem is the largest 
contributor to the effectiveness. 

b. When using travel time reduction as the measure of effectiveness, 
the candidate systems which include either the lane control sig
n&ls or speed signs are not cost/effective because of conclusions 
regarding the limited effect of these displays on freeway travel 
time. 

c. The computer and detectors contributed little to the effectiveness 
of the "on-freeway" systems and therefore, are not cost/effective 
when used in these systems in the present manner. 

d. The preferred systems from a cost/effectiveness point of view are 
Candidate Systems 9 and 10 which had cost/effectiveness ratios 
of $1.37 and $1.16 per vehicle hour, respectively. Candidate 
System 9 is the t~Levision subsystem only and Candidate System 10 
is the television subsystem and the "Don't Enter Ramp" signs. 

2. Based on the cost/effectiveness analysis of the continued operation of 
the National Proving Ground Traffic Control System which was conducted: 

a. The continued operation of Candidate Systems 9 or 10 are cost/ 
~ffective at $1.14 and $0.97 per vehicle hour of travel time 
reduction, respectively. 

b. The continued operation of the overhead lane control signals and 
the speed control signs would have to be justified on a basis 
other than travel time reduction. The safety benefits of these 
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displays were not evaluated so no positive statements can be 
made in this regard. 

c. The continued operation of the computer-detector system is not 
cost/effective in the present manner of operation. The cost/ 
effectiveness of the computer-detector system is tied to the 
effectiveness of the lane control signals and the speed control 
signs. 

3. Based on the cost/effectiveness analysis of candidate ramp metering 
systems which was conducted: 

a. The cost/effectiveness ratio of ramp control for congested freeways 
appears to be quite low~ The cost/effectiveness ratios for 
the two operational ramp control systems were 16.0¢ and 18.3¢ 
per vehicle hour of travel time reduction. Corresponding fi-
gures for the two research-operational systems were 35.8¢ and 
37.7¢ per vehicle hour of travel time savings. These figures 
are considerably lower than the currently accepted values of 
travel time indicating that the benefit/cost ratios of ramp 
metering systems on congested freeways would probably be high. 

4. Based on the cost/effectiveness analysis of the candidate composite 
systems (composed of ramp metering and television surveillance 
operated during different periods of the day) which was conducted: 

a. The cost/effectiveness ratio of all four systems considered was 
quite low (about 37-38¢ per vehicle hour of travel time re
duction) indicating that they provide a good return on the 
public investment. 

5. Based on the cost/effectiveness comparison of the different types 
of operational traffic control systems T,Thj ch was conducted: 

a. Only candidate systems which include the ramp metering subsystem 
are cost/effective. This is because the candidate systems which 
do not include the ramp metering subsystem provide a lower ef fec
ti veness at a higher cost than do some of the candidate systems 
which do include the ramp metering subsystem. 

b. The candidate systems which include only the ramp metering have 
cost/effectiveness ratios of about half the corresponding ratios 
for the composite systems which include the ramp metering and 
closed circuit television. This implies that it would be more 
cost/effective to apply ramp metering to two congested freeways 
than it would to apply ramp metering and closed circuit tele
vision surveillance to one freeway (if both freeways have cha
racteristics similar to those of the Lodge Freeway). 

4 



Co BODY OF REPORT 





CHAPTER I 

INTRODUCTION AND RESEARCH APPROACH 

INTRODUCTION 

The basic objective of NCHRP Project 20~3 is to provide operating 
traffic agencies with conclusions regarding the cost/effectiveness of 
candidate traffic control and driver information systems for improving 
traffic flow in a freeway corridor. These agencies are interested 
primarily in operational systems as contrasted to research or measure
ment systems and the analyses presented in this report deal with systems 
which have primarily an operational function. 

There are many types of traffic control and driver information 
systems which might be applied to improve traffic flow in a freeway 
corridor. These include an "on-freeway" control system, a ramp metering 
system~ real-time traffic signal control systems and various driver 
information systems in the corridor and on the freeway. All of these 
represent investment alternatives of the operating agencies and must 
compete for the limited funds of these agencies. Hence, cost/effective
ness information on each of these systems is quite important. 

Investment in traffic control and operation should be considered 
as a valid alternative to some of the more traditional functions of 
street and highway organizations - such as street and highway construc
tion - and the decision regarding the amount of funds allocated to 
construction or control and operation should be based on providing the 
greatest return on the invested public capital. This suggests that 
there is a need for a cost/effectiveness comparison of 1) new construc
tion, 2) highway remodeling (or construction modification) and 3) 
traffic control and operation., With this information, public adminis
tration will be better able to develop programs that will provide the 
greatest effectiveness for the available funds" 

RESEARCH APPROACH 

This report presents cost/effectiveness analyses and other analyses 
of variations of two types of freeway control systems - the "on-freeway" 
type of control system and the entrance ramp metering type. The 
measure of effectiveness which was used in the cost/effectiveness 
analyses was the annual reduction in total travel time (vehicle hours). 
The costs were stated in terms of annual costs. The cost/effectiveness 
ratio for each system is the dollars expended to save one vehicle hour 
of travel timec 

The effectiveness of each system was determined primarily through 
operational studies~ although some analytical models were developed 
and used, To determine the effectiveness of variations of the "on
freeway" type of traffic control system, several operational studies 
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were designed and conducted using the National Proving Ground Traffic 
Control System which is located on a 3c2 mile section of the John Ce 
Lodge Freeway in Detroito This system consists of a closed circuit 
television subsystem, overhead changeable-message speed control signs, 
overhead lane control signals and blankout "Don't Enter Ramp" signs 
on the entrance ramps. The effectiveness of each of these elements 
was estimated individually for the Lodge Freeway system through the 
operational studies and the analytical modelso Both peak and off=peak 
periods were included in the analyses" 

A ramp metering system was designed and installed on eight entrance 
ramps on the northbound Lodge Freeway and operational studies were 
conducted to determine the effectiveness of this systeme A traffic 
surveillance system involving electronic detectors coupled to a digital 
computer was also installed and used in the evaluation of the ramp 
metering system and the "on-freeway" control systemo During the 
evaluation~ the ramps were controlled by a relatively unsophisticated~ 
although traffic responsive 8 control logic due to the limited number 
of detectors which were installedo 

Cost/effectiveness analyses of several candidate traffic control 
systems were performed. The candidate systems were variations of the 
"on-freeway" traffic control system and the ramp metering systemo For 
each candidate system the annual reduction in travel time in the Free
way corridor was determined as was the total annual cost of each 
subsystem. The cost of saving a vehicle hour of travel time was then 

. determined for each candidate system. 

Some equipment system analyses were also performed. The basic 
elements of an electronic surveillance and control system were con
sidered separately and candidate systems were formulated and analyzed 
with regard to cost and performance. Reconnnendations regarding 
preferred systems and implementation schedules are presented in 
Chapter IVo 

Some thoughts on the application of results are presented in 
Chapter V. Difficulty of directly applying the results are stated 
and some means for spreading the technology of freeway traffic control 
are discussed. Necessary future research topics are presented in 
Chapter VIe 
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CHAPTER II 

EVALUATION OF THE NATIONAL PROVING 
GROUND TRAFFIC CONTROL SYSTEM 

This chapter is concerned with one of the major objectives of this 
research study - the evaluation of existing traffic control systems ~f 
the National Proving Groundo 

The research reported here had three objectives: 

lo to determine the motorists' responses to the NPG Traffic 
Control System (except the ramp closure signs) during the 
off-peak periods; 

2. to determine the effects of the NPG Traffic Control System 
(excluding the ramp closure signs) on traffic operation 
during peak periods; and, 

3. to perform a system analysis of the NPG Traffic Control System. 

This chapter presents the major findings of this phase of the pro
ject. More detailed analysis, descriptions and data may be found in 
Appendix Ao 

Ao NATIONAL PROVING GROUND TRAFFIC CONTROL SYSTEM DESCRIPTION 

The NPG Traffic Control System is located in a 3.2 mile section of 
the John c. Lodge Freeway, known as the NPG TV Control Area. The Control 
Area is bounded by two major interchanges: 1) the Lodge-Edsel Ford 
Interchange on the south, and 2) the Lodge-Davison Interchange on the 
north. 

The entire system consists of a closed circuit television subsystem, 
a traffic signal subsystem, a confirmation display subsystem, vehicle 
detection subsystem, a digital computer, a cathode ray oscilloscope, two 
operators, and a transmission cable. The relationship of these elements 
appears diagramatically in Figure 1 (from Reference]). 

The control elements of the Traffic Control System are as follows: 

1. overhead lane control signs; 
2o overhead variable speed control signs; and, 
3o ramp closure signs. 

These are located in both directions in the TV Control Area as shown 
in Figure 2 which is a schematic diagram of field locations of the entire 
Instrumentation System and Traffic Control System at the time NCHRP Pro
ject 20-3 began in early 1967. 
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B. LODGE FREEWAY TRAFFIC ANALYSIS 

One of the first analyses that was performed by the staff of NCHRP 
Project 20-3 was an examination of the adequacy of the control and sur
veillance area of the National Proving Ground for the research objectives 
of the Project, as well as for the primary control function of the NPG 
Traffic Control System. In attempting to determine the proper area of 
surveillance 9 the following criteria were used: 

1. The surveillance and control area on the Freeway must 
include all major bottlenecks; 

2. The surveillance and control area must extend far enough 
upstream of all bottlenecks to include the entire queueing 
area; and, 

3. The surveillance area must extend a sufficient distance 
downstream of all bottlenecks that the traffic flow would 
have returned to normalo 

Satisfying these criteria assures that the entire area of influence 
of the NPG Traffic Control System on the Lodge Freeway is included in 
the analysis. With these criteria in mind, both the inbound (southbound) 
freeway subsystem in the morning and the outbound (northbound) freeway 
subsystem in the afternoon were analyzed to determine the proper area of 
surveillance for each of these subsystems. Appendix A contains details 
of the system selection criteria. 

Figure 3 shows the relationship between the NPG TV Control Area and 
the maximum areas of congestion described above. Much of the peak 
period evaluation of the NPG Traffic Control System was concentrated in 
the northbound direction due to the installation of a computer-detector 
surveillance system in this direction; however, some significant research 
was conducted on the southbound direction as wello 

Co MOTORISTS' RESPONSES TO THE NPG TRAFFIC 
CONTROL SYSTEM DURING OFF-PEAK PERIODS 

Two control studies were conducted during the off-peak periods in 
a test section from Glendale to Webb Avenue on the inbound Lodge Freeway 
shown in Appendix Figure A-5. The two studies were evaluations of 
drivers' responses to 1) the lane control sign~ and 2) the variable 
speed control signs. No such controlled study vf the ramp closure signs 
was made since adequate research had been performed previously by 
others (l) and continuing research by the Texas Transportation Institute 
on NCHRP Project 20-3 involves control of a similar nature, ramp 
metering, which is evaluated in detail in Chapter IIIo Advantage was 
taken, however, of one situation which developed and required the use 
of the ramp closure signs. The results of studies during this incident 
are reported herein. 
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Any beneficial effects of the traffic control signs depends upon 
three factors. namely~ 

le the sign conveys the proper message; 
2e the motorists comprehend the message; and, 
3o the motorists choose to respond to the message 

in the proper f ashione 

The following two sections relate the study techniques, findings, 
and conclusions of the off-peak control sign studies and a summary of 
the results of previous researche 

Overhead Lane Control Sign Study 

This type of control is used to inform the Freeway motorists whether 
the lanes ahead are open or closedo A green arrow over a lane means that 
lane is clear 9 while a red 9 X' indication means the lane is blocked 
aheado The intent is, of course, to give the motorists advance warning 
so they can move out of the blocked lane as soon as they can safely do 
soe Figure 4 shows a typical installatione 

Study Method and Results: 

In order to study the effectiveness of the lane control signals, the 
median lane (Lane One) was closed for normal maintenance operations at 
the same location on two successive days using two advance warning 
schemese One scheme included the overhead lane control signals; the 
other scheme was to use normal maintenance warning procedurese The study 
periods (1:00-1:45 porno) were influenced by operational policies on free
way lane closures of the local agenciese The studies were conducted 
during the early afternoon because traffic flow was lightest during this 
daytime off-peak period in the study sectiono Details of the study pro
cedures are included in Appendix Ae 

Although traffic volume was lower (4200 vph) during the time period 
studied than during the peak period in that direction. congestion devel
oped immediately when the lane closure was invoked because traffic demand 
exceeded the capacity of the remaining open laneso 

Data were collected on a third day during the same period under 
normal conditions (no lane closure) to establish a base for travel time 
and delay studieso The experiment consisted of three days under three 
conditions, namely~ 

le normal operation; 
2e lane closure - conventional advance warning procedure; andp 
3. lane closure ~ overhead signals operatingo 

The two latter conditions could be directly compared using several 
measures of effectivenesso The study techniques for obtaining the var
ious measures were as follows~ 
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Figure 4. Typical Installation of Lane Control Signals and Speed 
Control Signs. 
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ae Input-Output Study (,1, !!)~ Figures Sb and Sc show the total 
output (i.ee, Elmhurst off-ramp and the Freeway at Webb) from the system 
for a half-hour of control while Figure Sa shows corresponding data 
during normal operatione By restricting the analysis to the final half
hour of the 4S-minute lane closure period, the traffic conditions were 
allowed to stabilize (in a state of congestion) before any comparative 
analysis was madee Based on statistical tests, it could .!l2.l. be concluded 
that the operation of the lane control signals increased the flow past 
the lane closure under the volume conditions studiede 

Other results of the input-output studies are presented in Appendix 
Table A-1 and show only slight improvement in operational characteristics 
when the overhead lane control signal was used in place of the conven
tional advanced warninge 

bo Lane Change Study: Figure 6 presents the effect of the overhead 
lane control signals on lane changes from the closed lane upstream of the 
closureo It indicates that, when the overhead lane controls were used, 
the vehicles moved from Lane One (the closed lane) farther in advance of 
Station 18* than when a conventional advanced warning was usede This 
finding substantiates earlier work on evaluation of these signals (1). 

Overhead Variable Speed Control Signs 

The subsystem of overhead variable speed control signs has two 
primary purposes: 1) to warn motorists on the Freeway of a shock wave 
ahead so they can begin to decelerate before actually reaching the con
gested areas, and 2) to indicate to motorists leaving a congested area 
to increase their speed to help disperse the congestione One of three 
speeds (25, 40, or SS mph) can be displayed on the matrix-type signse 

The benefits of the speed control signs are quite subtle and diffi
cult to measure. For this reason, the bulk of the research to determine 
the motorists' benefits will come from the more comprehensive peak-period 
study which is described latero The purpose of this study was to detect 
motorists' responses to the speed control signs during off-peak period 
conditionse 

All tests of hypotheses to follow were based on the 't' statistic 
(2). Further details of statistical tests are shown in Appendix Ae 

Comparison of Observed Speeds With Posted Speeds: 

The time mean speeds (TMS) for one hour were tested statistically 
to determine if the drivers considered the speed signs either as a speed 
limit or a guide by comparing the observed speeds with the posted speedse 
The TMS was significantly different from the posted speed in all but one 

* A fixed reference point was used since the effect of the overhead 
signals is being tested and they are in a fixed locatione 
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case (Ui1) and Appendix A~l to Appendix A ·presents J:he time mean speed 
for each condition. it can bi=! seeri';that 'the 'obsE=irved sp't~eds' carrespond closely 
to the posted speeds only at Glendale when a 55 mph speed is posted. Appa
rently, this is because the 55 mph posted speed is quite close to the desired 
speed of traffic at Glendale. At the lower posted speeds (25 and 40 mph), the 
observed speeds were quite different from the posted speeds (from 4.5 to 18.9 
mph with no distraction and from 3.9 to 19.9 mph with the roadside distrac-
tion). . .. , 

Comparison of ,Observed Speeds at Each Location 
Under.J?ifferent S2eed Control~: 

The most significant comparison is the comparison of TMS at each 
location and condition for different speed sign settingso !he average 
speed corresponding to the higher speed sign indication is UH and with 
the lower speed indication is 'U1 o Table 1 shows the results of these 
comparisons, The values shown in the table under the heading "Difference" 
represents 'U'H - ULo 

TABLE 1 

COMPARISONS OF DIFFERENCES IN TIME MEAN SPEEDS 
BETWEEN SIGN INDICATIONS AT EACH LOCATION 

Environmental Posted Posted 
Condition Location Sneeds Difference Soeeds 

SH S1 lTH-'UL (MPH) Su Sr 

No 
Distraction Glendale 55 55 0.4 55 40 

Monterey 55 40 2ol* 40 25 
Webb 55 40 Oa7 40 25 

With 
Distraction Glendale 55 55 4.8 55 40 

Monterey 55 40 o.o 40 25 
Webb 55 40 Oo2 20 25 

*Hypothesis rejected - H:'O'H ~ UL (a = Oo05) 

Difference 
lTH-U1(MPH) 

-2ol 
5.6* 
o.6 

-4o5 
2.5* 
1.3* 

Comparison of Speed Profiles Under Different Control Conditions: 

The speed profiles under the three different speed control conditions 
are shown in Figure 7 (no roadside distraction) and Figure 8 (with road
side distraction). In Figure 7j the speed profiles are quite similar 
under the three speed controls~ At Monterey and Webb the speed profile 
for the 25 mph posted speed is the lowest and the speed profile 

19 



60 

55 
J: 
a.. 
~ 50 .. 
0 
w 45 w 
a.. 
(/) 

40 

35 
0 

GLENDALE 
500 

SIGN READINGS 

GLENDALE MONTEREY a WEBB 

1000 1500 2000 
MONTEREY 

DISTANCE (FEET) 

2500 2800 
WEBB 

Figure 7. Speed Profiles Under Three Speed Control Conditions With No 
Distraction (One Hour). 

60 

55 

J: 
a.. 50 
~ 

SIGN READINGS 

GLENDALE MONTEREY a WEBB 

-0-- 55 55 

.. 
~ 55 
-6- 40 

40 

25 0 
w 
w 
a.. 
(/) 

45 

40 

35 
0 

GLENDALE 
500 1000 1500 2000 

MONTEREY 

DISTANCE (FEET) 

2500 2800 
WEBB 

Figure 8. Speed Profiles Under Three Speed Control Conditions With a 
Roadside Distraction at Monterey (One Hour). 

20 



corresponding to the 55 mph posted speed is the highesto There is 
little difference between the profiles, however. 

The same pattern exists at Monterey and Webb when a roadside dis
traction was present at Monterey (Figure 8)0 Again, there is little 
difference between the profiles. It is interesting to note that none 
of the mean observed speeds was below 40 mph, even when a 25 mph speed 
was posted, 

Effect of Roadside Distraction on Speed Profiles: 

For the three cases in which no roadside distraction was present, 
stream speeds generally decreased at about the same rate between Glen
dale and Webb, as seen in Figure 7c But when a flasher board on a 
rubbish truck was placed in view on the shoulder downstream and downgrade 
from Monterey, traffic speeds decreased from Glendale to Monterey and 
then increased from Monterey to Webb, as seen in Figure 8, This suggested 
that when the motorists could evaluate the source of distraction and real
ize it offered no hazard, they disregarded the information on the signs 
and began to resume normal speedo When the roadside distraction was 
present at Monterey, the average speeds were about 3 mph lower than 
without the distraction. 

Effect of Speed Controls on Flow and Density: 

Another point of interest, using data from the spot-speed study, is 
the effect of the speed control signs on flow. It had been contended by 
some* 1) that by reducing the speed indication on the overhead speed con
trol signsi flow toward a congested area could be decreased, and 2) that 
by increasing posted speeds downstream, motorists were encouraged to 
depart from the congestion faster, thereby increasing flow out of the area. 
Table 2 presents the hourly space mean speeds and corresponding flow rates 
for the six situations at the Webb location, which might be considered 
representative of a location upstream of a congested area which is out of 
view of the motorist, 

TABLE 2 

SPEED AND FLOW COMPARISONS AT WEBB 

s o e e d I n d i c a t i. o n 
Without Distraction With Distraction 

·~ 55 40 25 55 40 25 
SMS& Hourly Average 44.3* 4305* 4301* 45o9** 4408** 44 0 2** 
Ave.Volume Veh/5 mino 373 373 366 382 375 377 
Densitv ~ Volume/SMS 84,5 85c5 85.0 84.0 82.0 85.0 

* No statistically significant differences in speeds with no distraction, 
** Only one speed difference is statistically significant. The differ

ences of 1.7 mph between the 55 mph speed indication and the 25 mph 
indication is significantc 

* The source of this information is Appendix A3 of Reference lo 
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As seen 9 there was little decrease in stream speeds or volume at 
this location when lower posted speeds were displayedo The density 
remained nearly constant as well, indicating the speed signs did not 
substantially influence these characteristicso 

Discussion of Results of Off-Peak Studies 

A detailed discussion of off-peak study results is contained in 
Appendix Ao 

Do RAMP CLOSURE SIGNS 

The ramp closure signs (illuminated "Don't Enter" sign with the 
painted word "Ramp")are lsed during unusually critical freeway conditions 
when it is preferable to deny access to the Freewayo These are located 
on all approaches to all entrance ramps in the NPG TV Control Areao 
Appendix Figure A-11 shows an installation of a "Don't Enter Ramp" signo 

No controlled studies had been planned to evaluate these signso 
On June 13 9 1967 9 however. a situation necessitated their use (their 
normal use was quite infrequent)o The "Don't Enter Ramp" signs in the 
northbound direction were activated at the following entrance ramps: 

lo West Grand Boulevard; 
2o Seward; 
3o Chicago Boulevard; and, 
4o Webb Avenueo 

Since the electronic detectors were in operation on the ramps 9 data 
were collected throughout the incident. Appendix Table A~S presents the 
one-hour ramp volumes (4:00-5:00 porno) obtained during the ramp closure, 
as well as the average ramp volumes during the same time period. 

The intention of ramp closure is that the ramp will be used by no 
vehicleso These signs are not completely positive, however, because 
they do not physically close the ramp. By reducing the input to the 
Freeway, they did• in a broad sense, function in a manner similar to 
ramp metering. The compliance (of about 23o5%) was concentrated at the 
three southern ramps where excellent alternate routes are availableo 
The reduction of volume at Webb, on the other hand, was so slight it 
may well have been normal variation. and the small magnitude of the re
duction may well have been caused by the lack of an easily accessible 
alternate route at this locationo 

The results suggest that use of the ramp closure signs during peri
ods of congestion - either normal congestion caused by maintenance 
activities or accidents ~ will normally be able to improve freeway 
corridor operation by redistributing some demand to noncongested portions 
of the system (see Section G). It also suggests that the operation of 
a ramp metering system during the same conditions could produce 
essentially the same results. 
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E. EFFECT OF THE ON~FREEWAY CONTROL SYSTEM 
ON PEAK~PERIOD TRAFFIC OPERATION 

The nature of traffic movement in urban areas is such that the 
worst problems normally develop during the two peak periods and during 
these times congestion frequently occurs on a regular basise Because 
the quality of traffic flow is lowest during the peak periods, the 
primary benefits of a traffic control system would logically be made 
during these peak periods® The National Proving Ground Control System 
is no exception& It was designed and installed primarily to aid traffic 
on the Lodge Freeway during the peak periods. This section of the re
port presents several studies which were designed and conducted to 
evaluate the effectiveness of the NPG Traffic Control System in the 
improvement of traffic flow on the Lodge Freeway. In this evaluation, 
primary emphasis was placed on the "on freeway" portion of the control 
system, ieee 9 the speed control signs and the lane control signals. 

Study Procedures 

Studies were conducted during both peak periods in order to eval
uate as completely as possible the benefits of the NPG Traffic Control 
System. The NPG Traffic Control System was operated on alternate two 
week periods from April to Septemberj 1967. The "two-week-on;':wo-week
off" operation allowed a comparison of traffic operation on the Lodge 
Freeway with and without benefit of this control system. Appendix A 
includes a more detailed description of study procedures. 

Presentation of Results - Southbound Freeway 

Freeway Volumes at Test Site (Monterey): 

In the morning peak period the critical bottleneck in the south
bound direction is in the Davison-Glendale area and is due to the high 
merging volumese Queueing from this bottleneck extends upstream to 
Seven Mile Road~ a distance of about four and a half mileso An overhead 
speed control sign is located at Glendale - at the extreme downstream 
end of the queueing ~ and another is located at Monterey which is just 
downstream of the queueing area (see Figure 2). 

If the NPG Traffic Control System is successful in reducing travel 
time for motorists on the southbound Lodge, it must increase the volumes 
out of the queueing area. The Freeway volumes at Monterey are a measure 
of the volumes leaving the bottleneck area. 

Appendix Figure A=l2 is a graph of the average cumulative volumes 
at Monterey from 6~30 to 9~30 a.m. 5 both with the on-freeway control sys
tem in operation (n = 25 days) and with it not in operation (n = 19 days). 
Appendix Table A-6 presents the individual volumes for each fifteen
minute period and the results of the statistical tests. Based on sta
tistical tests 9 none of the differences in the fifteen-minute volumes 
was significant. Therefore~ it is not possible to conclude that the 
operation of the NPG Traffic Contror-8'ystem increased the volumes through 
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the critical bottleneck area. This is primarily a reflection of the 
overhead speed signs since the lane control signals were little used 
during the peak period studies. 

Travel Times~ 

Appendix Table A-7 contains a sununary of the travel time data for 
vehicles traveling the 9.8 miles from Seven Mile Road to Grand Rivero 
The data were obtained from the moving vehicle studies. In four of the 
six half-hour periods, the average travel time with the NPG Control 
System on was higher than the average travel time with the system off 
and all of the differences are small. For the remaining two periodsi 
the average travel times with the NPG Control System on were lower and 
the differences were relatively large (3.1 and 4ol minutes). The average 
difference in travel time was Oe8 minutes for the 9.8 mile trip. None 
of the differences were statistically significant and the sample sizes 
are small. 

Assuming the average travel time savings of 0.8 minutes/908 mile 
trip to be accurate® it is possible, with some other reasonable assump
tions, to estimate the net travel time savings due to the use of the 
NPG Traffic Control System during a typical morning peak period. The 
average volume at Monterey during the three-hour peak period was about 
15 9 500 vehicles (Appendix Table A-6)e Assuming the average three-hour 
volume over the entire 9.8 mile section is 15,500 vehicles, the average 
travel in the section is 9.8 x 15,500 vehicle miles. The average 
travel time savings is (0.8/9.8) minutes/vehicle mile. Thus, on this 
basis, the average total travel time savings each morning peak period 
is about 200 vehicle hours. 

Summary - Southbound: 

The two studies which were conducted in the morning peak period 
provided a range of possible motorists' benefits due to the operation 
of the NPG Traffic Control System. Based on the study of the volumes 
at Montereye the operation of the NPG Control System had no effect on 
the traffic stream. Based on the moving vehicle studies (and accepting 
differences which are not statistically significant) the savings in 
total travel time is 200 vehicle hours during a morning peak period 
when the NPG Traffic Control System is used. Thus, the actual savings 
in travel time is probably bet~een 0 and 200 vehicle hours. 

Preseptation of Results ~ Northbound Freeway 

Input-Output Studies: 

The input-output studies (1,, it l) were conducted daily on the 
northbound Lodge Freeway between Grand River (Spruce) and Meyers (8.3 
miles) from 2:30 to 6i30 p.m. (see Figure 3). These studies produced 
a great deal of valuable data on the operation of the entire 8.3 mile 
length of Freeway during the afternoon peak periods. The samples 
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include 12 days with the NPG Control System in operation and 15 days 
without it in operation. The following sections contain the measures 
of effectiveness which were obtained from these studies~ 

1. Total Input 
The total input to the Freeway (sum of all entrance ramp volumes 

and the volume on the Freeway at Grand River) represents the volume 
processed in the section being considered and also represents a measure 
of demand on the Freewayo Appendix Figure A-13 presents the cumulative 
input volume and Appendix Table A-8 presents the half-hour input volumes. 
None of the differences in input volumes was statistically significant 
but the total input was about 1000 vehicles less on the days in which 
the NPG Traffic Control System was in operatione 

2. Total Travel (TT) 
The total travel in terms of vehicle miles is also a measure of 

the performance of a traffic system and to a certain extent reflects 
the demand on the system and the efficiency of the system. Appendix 
Figure A-14 presents the total travel on the northbound Lodge Freeway 
during the afternoon peak period under two control conditions - with 
and without the NPG Traffic Control System in operationo The total 
travel was slightly less during the times in which NPG Control System 
was in operation. 

3o Storage in the Freeway 
The number of vehicles on the Freeway can easily be converted to 

density by dividing by the length of the section. Thus, the number of 
vehicles on the Freeway as a function of time is a means of describing 
the development, dissipation~ and severity of congestion. 

Appendix Figure A-15 shows the number of vehicles on the northbound 
Lodge Freeway under the two control conditionso Before 3~30 p.m. and 
after 5~30 p.m. the number of vehicles on the Freeway is approximately 
the same under both control conditions. From 3~30 to 5~30 Pom., however, 
the data indicated that fewer vehicles were on the Freeway when the NPG 
Traffic Control System was not operating. 

4e Total Travel Time (TTT) 
The total travel time of all vehicles on the Freeway can easily be 

determined from the storage-time function (.§.}e The bar charts in 
Appendix Figure A-15 show the total travel time on the northbound Lodge 
Freeway for each half=hour period. 

5. Delay 
The delay on the Freeway was also obtained from the input-output 

studies, It was assumed that delay was incurred by the traffic stream 
when the average speed was less than 40 mpho Thus, the delay of the 
traffic stream in a time period equals the total travel time minus the 
total travel time if the average stream speed had been 40 mph, if this 
is greater than zero. Stated mathematically: 
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D = TTT - TT I LfO or 0, whichever is greater 
where D is the delay in a time period, 

TTT is the total travel time in the period, 
and TT is the total travel in the period. 

The delay during each half-hour period is also shown on Appendix 
Figure A-15. The delay is a portion of the total travel time and is 
shown as a bar chart which is part of the TTT bar chart. In each 
half-hour period, the left delay bar chart is the delay with the NPG 
Control System in operation and the right delay bar chart represents 
the delay with no control. For most time periods the delay is lower 
with no control. 

6. Average Speed 
If the total travel (TT) and the total travel time (TTT) in any 

time period is known for a traffic system, the average speed in the 
system in the same time period U = TT/TTT (4). Appendix Figure A-16 
shows the average speed on the northbound Lodge Freeway from Grand 
River (Spruce) to Meyers. During most of the afternoon peak period, 
the average speed was higher with no controls in effect. 

7. Kinetic Energy 
Another measure of effectiveness of value is the system kinetic 

energy, KE, which is a measure of the energy expended by the traffic 
stream. It is based on a fluid flow analogy (2_, 10) where KE = qu, 
where q is volume and u is sE_eed. The system analog of this rela
tionship is KE = TT2/TTT or Us x TT (_~) for a given time period of 
interest. 

The kinetic energy for the two conditions studied are shown in 
Appendix Figure A-17. Except for the 2:30-3:30 p.m. period, the 
kinetic energy is higher with no control, indicating that operation 
was better with no controls. 

Summary of Input-Output Studies - Northbound 

Appendix Table A-9 presents a summary of the most pertinent measures 
of effectiveness which were obtained from the input-output studies and 
a summary of statistical analyses which were performed on these data. 
Three differences were statistically significant. The total travel 
time with the NPG Traffic Control System in operation was 323 vehicle 
hours lower than with no control and this difference was significant. 
Similarly, the total travel was less and the delay was greater when 
the controls were in effect. 

The average travel time per vehicle mile (60 TTT/TT) was calcu
lated as well. With no control the average travel time per vehicle 
mile was 2.16 minutes, and 2.42 minutes with the controls in effect. 

Travel Times 

Appendix Table A-10 contains a summary of the travel times for 
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vehicles traveling the entire 803 miles from Grand River to Meyers 
Road. In five of the eight half-hour periods the average travel 
times with the NPG Control System operating were lower than those 
obtained with no freeway control. Two of these differences were quite 
large (-3.1 and -3.8 minutes) although not statistically significanto 
In two of the half-hour periods the average travel times were lower 
with no control and one difference was large - 3.2 minuteso Because 
of the small sample sizes, none of the differences were significant. 

Assuming the average difference of -0.55/8o3 mile trip to be 
accurate and representative of conditions through the peak periods, 
the average travel time saving per vehicle mile is 0.066 minuteso 
Since the total travel in an average peak period is about 150,000 
vehicle miles (Table A-9), the total travel time savings is about 165 
vehicle hours per afternoon peak period, estimated from the moving 
vehicle data. 

Discussion of Results of Peak Period Studies 

The peak period studies which were conducted present means of 
estimating the possible range within which falls the benefit to the 
motorists of the operation of the NPG Traffic Control System during 
the morning and afternoon peak periods. Different measures of effec
tiveness provided somewhat different estimates of the benefits and 
with different statistical significance, hence the range of benefits. 

The following table summarizes the estimates of travel time 
savings due to the NPG Traffic Control System during the two peak 
periods. 

Peak Period 

Morning 

Afternoon 

Total 

TABLE 3 

ESTIMATED SAVINGS IN TOTAL TRAVEL TIME 
DURING PEAK PERIODS DUE TO THE OPERATION 
OF THE ON-FREEWAY TRAFFIC CONTROL SYSTEM 

Estimate of Total Travel Time Savings Per Peak Period 

High Estimate Low Estimate Weighted Estimate 

200 veho hrso 0 50 veho hrso 

165 'eho hrso -323 veho hrs. -120 veho hrs. 

365 veho hrs. -323 veho hrs. - 70 veho hrs. 

Probably a reasonable conclusion would be that the NPG Traffic Con
trol System had no effect on peak period traffic flow. 
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Fe EFFECT OF TELEVISION SURVEILLANCE ON FREEWAY OPERATIONS 

With a closed circuit television surveillance system on a freeway, 
the response time of official aid to obstructions can be reduced by 
prompt detection and reporting of the obstructions. This section 
presents an estimate of the annual reduction in total travel time due 
to the television surveillance systemo The estimate is based on an 
analytical model rather than on operational studies. 

Effect of Television Surveillance on 
Freeway Operations During Peak-Periods 

The model which is developed in Appendix C can be used to estimate 
the reduction in total travel time which can be attributed to the 
closed circuit television surveillance system. There can be little 
doubt that a closed circuit television system can be useful in reducing 
the response time of official aid to obstructions on a freeway. If 
this earlier arrival of aid is translated to an earlier removal of the 
obstruction which bl~cks one or more freeway lanes~ a reduction in 
travel time on the freeway will resulte An improvement in safety, in 
the form of reduction in the frequency of minor accidents~ would prob
ably also be realizeds but this is not considered here. 

Appendix Table C-4 presents the complete peak-period analysis, 
including all assumptions, of the average travel time savings for each 
incident due to the earlier arrival of official aid. For accidents 
and incidents the total travel time savings (see Appendix Table C-4) 
range from 300 vehicle hours for the three-lane section outbound to 
180 vehicle hours for the four-lane section inbound~ assuming that the 
television system is responsible for a 2.5 minute reduction in the time 
accidents and incidents block the roadway. Only the accidents and 
incidents which receive official aid before moving from the roadway 
are considered in the analysis. All parameters refer to those defined 
in Appendix Figure C=l. 

The analysis of the effect of television surveillance on freeway 
operation during peak periods was refined since an earlier analysis 
was reported in Reference 11. In this report 9 data reported by 
DeRose (~) were used. Sub';equent to the DeRose report, the accident 
frequency increased substantially on the Lodge Freeway because of 
increased volume loads and changes in the traffic pattern. In the 
present analysis 0 data from July l~ 1966 to June 30 8 1967 from the TV 
observers logs were used to determine the number of accidents and 
incidents which received aid which could reasonably be claimed was 
dispatched by the TV observers. 

Based on the model and assumptions described in Appendix C ... the 
following results are presentede The annual travel time savings due 
to the reduced occupancy time of the freeway because of television 
surveillance during the peak period was found to be 51 8 330 vehicle 
hours per year. 
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Effect of Television Surveillance on 
Freeway Operations During Off-Peak Periods 

Since queueing occurs when one or more freeway lanes are closed 
during the off-peak periods and in the off-peak direction during the 
peak periods, the more rapid removal of the cause of the lane closure 
can effect benefits to the motorists during these periods. Development 
of the delay model and pertinent assumptions are shown in Appendix c. 
Based on these data the following delay results are presentede 

During off-peak periods and in the off-peak direction during the 
peak periods, the annual reduction in total travel time was found to 
be 4;930 vehicle hours due to the earlier removal of accidents. 
Earlier removal of incidents during the off-peak periods was found to 
cause an 3,440 vehicle hour reduction in travel time per year.. The 
total effect, then, of the television surveillance system in reducing 
travel time on the Freeway by reducing response time to obstructions 
is 64 ,700 vehicle hours fer yearo 

Ge EFFECT OF THE "DON'T ENTER RAMP" SIGNS 

The "Don't Enter Ramp" signs are intended to close the entrance 
ramps when the need arises. The effect, howevers is to divert about 
25% of the ramp traffic while the remaining 75% use the ramp in 
violation of (the intent of) the signso There are circumstances in 
which even the diversion of 25% of the traffic on certain ramps can 
improve the overall traffic operation. Such circumstances would 
include lane closure due to maintenance operations and other traffic 
incidents which cause queueing on the Freeway, 

Presently these signs are infrequently used. The NPG staff does 
not maintain records of the use of these signs but an estimate was made 
that they are used about 50 times per year in conjunction with 
incidents on the Freeway~ Based on observationf this is probably not 
a low estimate, 

The May model (13) can be used to estimate the effect of these 
signals in a typical-;;ccurrence on the Freeway. In this model, the 
following parameters were assumed~ t 0 = 45 minutes 5 y = 3500 vph, 
a = 550 vph, without the ramp signals c = 4900 vph and with the ramp 
signals c' = 4500 vph. The effect of the "Don't Enter Ramp" signs 
was assumed to be the diversion of 400 vehicles per hour around the 
queueing situation. 

Without the operation of the signs, the delay is 2930 vehicle 
hours and with signs in operation the delay is 2680 vehicle hours. 
Thus~ for an "average obstruction" the operation of the "Don't Enter 
Ramp" signs would be 250 vehicle hours based on the assumed parameters. 
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Thus, the total annual savings in travel time due to the operation of 
the ramp control signs is 12 9 500 vehicle hours based on 50 uses per 
year, which is approximately the present level of usage. 

He NATIONAL PROVING GROUND TRAFFIC CONTROL SYSTEM ANALYSES 

This section contains two analyses which were performed on the 
NPG Traffic Control System. The first is a functional analysis and 
the second is an equipment system analysis. 

Functional Analysis 

General~ 

The system analysis procedure is basically one of comparing a 
system's performance to its intended performance by means of 
various measures of effectiveness. The first step is to define the 
mission of the system or its intended performance. The second step 
is to select the appropriate measures of effectiveness by which to 
evaluate the systemws performance and the third is to actually per
form the analysis. 

Statement of Missions: 

Broadly stated, the three missions or objectives of the NPG 
Traffic Control System are 1) to optimize flow on the Freeway, 2) to 
increase the efficiency of the roadway, and 3) to provide necessary 
information to the drivers. The first mission refers to flow during 
normal conditions and the second mission refers to the minimizing of 
the effects of reduced capacity situations. These missions were 
obtained from NPG personnel and a more complete discussion is con
tained in Appendix A-3 of Reference 1. 

Measure of Effectiveness: 

The measures of effectiveness of traffic system operation which 
were used to evaluate the NPG Traffic Control System are traditional 
ones - total travel time, total travel, average speed, delay, volume 
processed. and kinetic energy. In addition, travel time of an 
individual vehicle and the volumes at bottlenecks were used. One 
important measure of effectiveness, contribution to safety, was not 
considered since it is not readily subject to measurement. Any 
reflections on possible contributions to safety would be little more 
than conjecture. 
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Analysis 

le Mission 1: The first mission is to optimize flow on the 
Freeway (during normal conditions). During off-peak periods& when 
normal conditions prevail, the NPG Control System does not improve 
flow since no problem generally exists and~ thus, the NPG Control 
System is not used during such periods. 

Several conunents can be made regarding peak-period operation 
under normal conditionso First, the cause of normal peak~period 
operational problems (congestion) is that the demand exceeds the 
capacity of the Freeway and the NPG Traffic Control System cannot 
resolve the demand/capacity relationshipo Only in rare instances 
(reduced capacity operation) are the "Don 9 t Enter Ramp" signs usede 
The NPG Control System was found to be unsuccessful in increasing the 
flow at a critical bottleneck (Davison-Glendale southbound). Thus, 
the concept of accepting all of the demand on a (congested) freeway 
and then noptimizing" flow must be assigned a low probability of 
success. 

As shown in Figure 1, the NPG Traffic Control System has an 
adaptive element in the control loop. This adaptive element is the 
NPG control operator. Wi.th the control operato:r i.n the control loop, 
this control system is a "responsive" or "reactive" control system 
rather than a "preventive" control system. ·ihe control system with 
the human observer can only respond to a given situation and attempt 
to correct it rather than to try to prevent the occurrence of an 
undesired situation~ such as congestion. 

The "Don't Enter Ramp" signs on the entrance ramps appear to 
have little or no role to play in normal peak-period operation. 
These signs were intended for use in closing completely an entrance 
ramp on a temporary basis to reduce demand on the Freewaye They have 
been found ineffective for complete closure as only about 25% of the 
motorists obeyed the signse One could arguei perhaps 9 that the daily 
use of these signs at all ramps in the NPG Control Area during the 
peak periods would reduce the demand by 25% of the ramp volumesQ It 
is more likelyt however~ that the compliance would approach zero after 
repeated use in this mannero For normal peak~period application~ the 
signs must be made to function as intended or should not be operatede 

2. Mission 2~ The second mission of the NPG Traffic Control Sys
tem is to increase the efficiency of the roadway (under reduced-
capacity conditions) and in this mission it is more successful. The 
closed circuit television surveillance system is particularly well suited 
to providing the operator with the necessary qualitative information on 
traffic incidents~ including information needed to respond properly to 
an emergency situation. The TV system uniquely provides the operator 
with information on which to decide whether a police vehicle, a wrecker, 
or an ambulance is required~ Based on normal police patrolling pro
cedures~ there can be little question that the use of a television 
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surveillance system can reduce the police response time to an 
incident. 

The "DonHt Enter Rampu signs do not function as intended~ but 
during off=peak periods can still provide a useful function. When 
queueing occurs Pt an in,.; rlPnt n..-. t-hl'> "'"t .. "'"'WAV, thP nn1>ration of the 
ramp signs as an ad,n.s.:iry display can decrease the demand rate on the 
Freeway at thto '° .. ~*"''"""- ~oy ljl. uf tne ramp volume}" In ra;.;t• it 
appears at the present time that traffic flow could be benefited 
from increased use of the nDon 6 t Enter Ramp 11 signs in the off=peak 
periods during reduced capacity conditions when queueing has occurred. 

The benefits of the lane control signals depend on the volume 
conditions and they can be useful under lower volumes, During most 
of the present hours of operation the volumes are too high to realize 
benefits from these signals. 

The speed signs during the peak periods function 1) to warn 
motorists of congestion ahead and 2) to indicate to the motorists 
that the problem has been passed and to increase speede The use of 
speed in the present form to convey these messages is somewhat in= 
direct~ The advance warning function is possibly confused with the 
speed limit function by some motorists and this could decrease the 
effectiveness. It would appear that the use of the speed signs for 
one purpose or the other would enhance their utilitye 

The results of the input~output studies in the northbound peak 
period rais~d the possibility that the 11on=freeway" controls may 
actually have worsened traffic operation. This was not a conclusive 
result but two possible reasons for this arise~ First~ the control 
operators may have been displaying the wrong message due to inability 
to adequately assess the traffic situatione Secondly 0 under capacity 
conditions 8 the displays may provide competition for the driversij 
attention from other necessary stimuli and this may reduce slightly 
the capacity at critical locations (through a slight increase in 
average headways)o A human factors analysis would be advised to 
clarify this pointo 

3. Mission Jg The third mission of the NPG Traffic Control 
System is to provide necessary information to the motorists, There 
can be little question that it provides useful information to the 
Freeway motorists, Questions remain~ howevert of whether this is 
necessary information or whether the ~ useful information is being 
provided, 

Equipment System Analysis 

The equipment system has been described previously and is depicted 
as a part of the entire traffic control system in Figure 2o The system 
analysis of the existing system "hardware" consisted of three phases~ 
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a. Establish the specific purpose or mission of the system; 

b. Establish measures of effectiveness by which the system's 
performance of the established mission can be judged; and 8 

c. Utilizing the measures of effectiveness, determine the 
quality of performance of the given system in performing 
this mission. 

The results of this analysis have been incorporated in previous 
chapters in evaluation of the NPG system operation. Details of 
individual hardware elements are covered extensively in Reference 1. 

I. CONCLUSIONS OF THE EVALUATION OF THE NPG TRAFFIC CONTROL SYSTEM 

This chapter contains the results of several studies and analyses 
which have been made for the purpose of evaluating the effectiveness 
of the "on-freeway" traffic control system on the John c. Lodge Free
way. The conclusions are offered with some reservations. The off-peak 
studies were of limited scope and in none of these studies were the 
sample sizes extremely large. 

The studies were conducted on only one particular traffic control 
system on one particular freeway and the results should not necessarily 
be translated directly to other systems. The conclusions should also 
not be viewed necessarily as applying to the general concept of "on
freeway" controls. 

The traffic control system which was evaluated was not located 
ideally to provide the greatest benefits to the motorists and this 
should be borne in mind when considering the conclusions. Due to the 
extension of the Lodge Freeway to the north, the traffic pattern on the 
Lodge Freeway has changed drastically since the National Proving Ground 
Traffic Control System was installed. Consequently, the congestion 
limits do not presently coincide with the control area and this fact 
naturally has an effect on the results of the evaluation. 

Within the limitations of these factors, the following specific 
conclusions are offered: 

1. The motorists do not decrease their speeds to coincide with 
the posted speed unless there is an apparent reason to do so. 
This would suggest that the motorists do not consider the 
changeable speeds as regulatory. 

2. The variable speed signs were not successful in increasing 
the flow rate at a critical bottleneck when there was 
adequate demand to do so (congestion upstream of the bottle
neck). 
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3. The effectiveness of the overhead lane control signals appears 
to be a function of the Freeway demando 

a. Based on previous research (19 .!i), when Freeway demand 
is less than the Freeway capacity remaining during the 
lane closure (no queueing upstream) 9 vehicles appear to 
obey the red "X" indications and leave the closed lane 
farther in advance of the closure than with conventional 
advance warning. 

b. Based on the "off-peak" period studies, when Freeway 
demand is greater than the Freeway capacity remaining 
during the lane closure (queueing upstream), the effec
tiveness of the red "X" indication appeared to be much 
less. Vehicles left the closed lane sooner witl the 
overhead lane controls than under normal advance warning 
but this was not translated to reduced travel time 
because (for these demand conditions) the use of the red 
"X" indication did not increase the throughput at the 
lane closure (over that using normal lane closure 
techniques). 

c. For the present hours of operation, the benefits of the 
lane control signals are very small, since during this 
time period the demand on the freeway is nearly always 
greater than the remaining capacity if a lane is closed. 

4. In periods of high demand and congestion, the NPG Traffic Con
trol System is incapable of balancing demand and capacity and, 
consequently, is not effective in improving traffic operation 
under normal peak-period conditions. 

5. On the one day in which the "Don't Enter Ramp" signs were used, 
the volume on the four ramps which were "closed" was 23% below 
the normal volumeo The compliance to this type of control was 
greater on the ramps at which a good alternate route is avail
able. 

6. The usefulness of the speed control signs as advanced warning 
devices could not be fully evaluated from the traffic opera
tional studies which were conducted and a human factors approach 
would be required for this analysis. It would appear that 
other messages might provide a more direct advance warning to 
the motorists. 

7. According to the analyses which were performed 9 the closed 
circuit television surveillance system was able to effect a 
substantial reduction in travel time due to the earlier removal 
of accidents and incidents which block the roadway. 
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CHAPTER III 

DEVELOPMENT AND EVALUATION OF A RAMP 
METERING SYSTEM ON THE LODGE FREEWAY 

This chapter deals with the development, implementation, and 
evaluation of a ramp metering control system for the northbound Lodge 
Freeway in Detroit and, as such, constitutes the Improvement Phase of 
the Projecto 

Presented are descriptions of the control system, the surveillance 
system, the development of the control plans, the traffic system analysis 
techniques used to evaluate the effects of the control system on the 
network and the effects of the control system on traffic operation in 
the Lodge Freeway Corridor& 

Freeway surveillance and control have been tested in several loca
tions for many years and ramp metering has been in operation in Houston 
and Chicago for some time6 One might ask how the work reported herein 
is significantly different from the oast work. First. thP ''"''"?i:>n r.df'.h 

which the traffic syster was analyzed and an effective traffic control 
and surveillance system designed and installed is be~ieveu to uc 
significant and reflects on the considerable experience gained in 
Chicago (ll, ,!§) and, more importantly, Houston (ll., .!§),,, 

A signal retiming system was put into effect in the adjacent street 
network to provide for the anticipated traffic diversion from the Free
way. This was initiated at about the same time at which the ramp 
metering system was implemented and represents an initial attempt to 
develop an "integrated control system" which involves the Freeway ramp 
control signals and the signals in the networko 

A complete analysis of operation in the Lodge Freeway Corridor, 
as well as on the Freeway itself, was made and a complete evaluation of 
the effects of the ramp controls on the network was made in conjunction 
with the evaluation of the changes in freeway operation. This both 
permitted and required a "total systems approach" to the operational 
evaluation. A network information system was designed to assure that 
all data collected on the street system and on the freeway were compat
ibleo A network analysis technique was developed so that the following 
figures of merit can be determined for both the freeway and network 
under "control" and "no control" conditions. 

1. total travel time (vehicle hours) in the system; 
2. total travel (vehicle miles) in the system; 
3. average speed in the system; 
4. delay in the system; 
5. kinetic energy in the system; 
60 total volume processed by the freeway; and, 
7e link volumes in the network. 
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This chapter contains general descriptions of analyses and results. 
Appendix B contains this material and further detailed descriptions and 
data. 

A. TRAFFIC SYSTEM ANALYSIS 

One of the primary objectives of NCHRP Project 20-3 was to optimize 
a freeway corridor operation through traffic surveillancej communica
tions and control. The evaluation, then 9 of the traffic corridor 
operation or the traffic system operation was necessary for two reasons. 
First, it was necessary to determine the area of influence of the 
traffic control system on the Freeway so that the measurements for the 
evaluation of the effects of the traffic control system could be plannede 
The second reason was that certain changes in operation in the traffic 
system had to be planned and it was, therefore, necessary to determine 
the proper operation of the system. 

The traffic system was divided into two subsystems 8 the freeway 
subsystem and the arterial street subsystem. For each of these two 
subsystems® the area of influence of the traffic control system was 
determined and the measurements of the effectiveness of the traffic 
control system were planned. 

In order to evaluate the freeway corridor, a traffic system descrip
tion and a traffic system analysis were performed (l)• The traffic 
system analysis followed the lines of a more general system analysis in 
that the steps related to the traffic system analysis were 1) to deter
mine the function or objectives of the system, 2) to determine the 
measures of effectiveness of the system, and 3) to compare the performance 
of the system with the desired objectives as measured by the measures 
of effectiveness. In addition, it was necessary to determine the 
function or mission of the traffic system in order to plan properly the 
changes in operation and control within the system~ Againj the evalua
tion of the effects of changes in control and operation in the traffic 
system was made in each of two subsystems~ the freeway subsystem and 
the arterial street subsystem. The outbound (northbound) direction of 
the Lodge Freeway in the afternoon peak period was selected for analysis 
and control because of a less critical scheduling (manpower) problem 
and because it appeared that operation on the Freeway in the inbound 
direction was dominated by operation of the Lodge-Ford interchange. 

Freeway System Analysis 

As pointed out in the previous chapter~ the area of surveillance 
was selected based on the following criteria: 

1. The surveillance area on the Freeway must include all major 
bottlenecks; 
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2. The surveillance area must extend far enough upstream of all 
bottlenecks to include the entire queueing area; andt 

3. The surveillance area must extend far enough downstream of 
all bottlenecks that the traffic flow would have returned to 
normale 

A detailed description of the Freeway system selection techniques 
is contained in Chapter 2 and Appendix A. Briefly, the system selected 
(shown in Figure 9) is the northbound Lodge Freeway from Spruce to 
Meyers. This represents a distance of 8.3 miles and extends on both 
sides of the existing 3.2 mile TV control area of thl-National Proving 
Ground. 

Arterial Street System Analysis 

One of the major tasks of NCHRP Project 20-3 was to determine the 
area of influence of the existing (overhead lane and speed control 
signs) and planned (ramp metering) traffic control systems on the arter
ial street system adjacent to the Freewayo It was necessary to do tnis 
for two reasons: 

1. In order to properly evaluate the effect of the ramp controls, 
measurements must be taken in the entire area of influence of 
the traffic control system; and, 

2e In order to minimize the adverse effects of diverted freeway 
traffic on the arterial streetsi traffic engineering improve
ments had to be planned and placed into operation in the 
arterial street area of influence. 

The problem of defining precisely which streets are in the area 
of influence of the traffic control system on the John Co Lodge Freeway 
was quite difficult. Because of the magnitude of the system of streets 
which might be in this area of influence and the magnitude of the 
measurement tasks involved in the selection of the proper traffic 
system9 it was necessary to exercise some subjective engineering 
judgement to supplement the measurements which were made. 

The area of influence of the traffic control system on the north
bound Lodge Freeway was selected based on the following considerations: 

le General characteristics including the street pattern. freeway 
alignment and the traffic pattern; 

2. Probable nature of ramp controls; 

3. Demand and capacity relationships (at about 200 critical 
intersection approaches); 
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4. Land use; and, 

5. Driver psychologyo 

The traffic system which was selected for analysis in the afternoon peak 
period is shown in Figure 10. 

After the proper traffic system was selected, it was subjected to 
a system description and a system analysis. The system description 
included a physical inventory, a traffic operation ann control inventory 
and a traffic demand inventory. Much of these dat< was provided by 
the Detroit Department of Streets and Traffic. The .syi...:.em analysis 
involved the previously stated system analysis stepso The systems 
analysis provided a basis for planning the necessary traffic engineering 
improvements in the traffic system. 

The analysis of the arterial street system was conducted primarily 
to determine the ability of the streets in the area of influence or 
corridor of the Lodge Freeway to accomodate additional vehicles. The 
need for additional capacity stems from the probable diversion of 
vehicles from the freeway to the adjacent street system when ramp con
trols are installede 

It was first necessary to determine the excess or additional 
capacity remaining for these diverted vehicles in the street system 
under its present mode of operation and controlo The next step pursued 
by the staff of NCHRP Project 20-3 was to investigate various traffic 
engineering improvements which could be implemented in the Freeway 
corridor to provide the necessary increase in capacity for the antici
pated extra (diverted) traffic loads. 

The arterial street system analysis follows the format of other 
system analyses, although in a somewhat more vague or informal sense. 
The basic system analysis steps, 1) define the mission or function of 
the f;Vf;tPm <i?1rl ?) rl,,.f;nP t-hf> me.<1<>11.,..,...,,. ,..,f ~ffectiveness of the s,rqt::<"m 

and 3) compare the system's actual performance to its desired performance 
(mission) by use of the measuru1:. of effectiveness,_ were followed. 

The following analyses were performedi 

l~ System Demand Pattern Analysis; 
2. Signal System Analysis; 
3. System Demand-Capacity Analysis; and 
4. System Improvement Analysis (Traffic Engineering 

Improvements) . 

A description of these analyses and results are contained in 
Appendix Bo 
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Figure 10. 
Traffic System Included in the Afternoon Analysis. 
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B. DESIGN & INSTALLATION OF TRAFFIC SURVEILLANCE AND CONTROL SYSTEM 

The systems approach was used in the design of the traffic sur
veillance and control system, First, the criteria of both the traffic 
surveillance system and the traffic control system were determined. 
As much equipment as possible was used in both systems, e~ge, the 
computer and detectors were common to both systemse Next, the system 
was designed to meet the criteria or requirements which were estab
lished. System criteria are shown in Appendix B~ 

Design of the Traffic Surveillance System 

From the traffic system analysis it was determined that the 
required area of surveillance in the northbound direction on the Lodge 
Freeway extends from Grand River Avenue at the south to Meyers Road at 
the north. This represents a distance of 8.3 miles and in this area 
there are 13 entrance ramps and 14 exit ramps, as well as two major 
interchanges. Two of the exit ramps and one of the entrance ramps are 
left-hand rampsa 

The surveillance system consisted o' electronic detectors, manual 
counts, and aerial photography. The electronic detector signa!s were 
transmitted by leased phone lines ano existing NPG control cable to 
the digital computer for logging, Appendix B contains a more detailed 
description of the surveillance systemo 

Development of the Traffic Control System 

To reduce the overload at the two major bottlenecks on the north
bound Lodge Freeway controls had to be initiated at eight of the 
northbound entrance ramps, These entrance ramps are~ 

l~ the West Grand Boulevard entrance; 
2. the Seward entrance; 
3e the Chicago entrance~ 
4. the Webb entrance; 
s. the Davison entrance; 
6e the Linwood entrance; 
7. the northbound Livernois loop entrance ramp; and, 
8. the northbound Livernois direct entrance ramp. 

A signal* was located on each of the eight entrance ramps and 
these signals were controlled by the digital computere Communication 
between the computer and the ramp signals was accomplished by use of 
the NPG control cable and leased phone linese 

* The physical placement of the signals was similar to that previously 
used in Houston (J:.ID& Location was on the left side of the ramp 
about 200 feet upstream of the ramp nose. 



The metering rates on the ramps were determined by the digital 
computer which was programmed to operate the signals under any one 
of several control modes; one pre-pregrammed (fixed time) mode and 
several traffic adjusted modes. For details on the computer program
ming see Appendix Bo The same loop detectors which were installed on 
the ramps for use on the traffic surveillance system were used in the 
traffic control system to provide indication to the computer that a 
vehicle is waiting at any one of the ramp signals. (This practice of 
using a single detector for two somewhat conflicting purposesj while 
good from a budgetary point of view~ resulted in some undesirable 
operation at the signals. Some vehicles were not positioned on the 
detectors when stopped at the ramp signals and some excessive delays 
were observed on the ramps. Hence, this is definitely not recommended 
for operational installation~.) 

The traffic volumes at the West Grand Boulevard entrance and the 
Davison entrance were exceedingly high and 9 therefore, both of those 
ramps were metered on a bulk service basiso This means that more than 
one vehicle was allowed to enter the Freeway on each green phase. On 
each of the other six entrance ramps the more typical "one-at-a-time" 
metering format was followed. 

Systems Schematic Diagrams 

Figure 11 is a schematic drawing showing the detector and signal 
locations in the 8.3 mile area which was under surveillance. Figure 
12 is a functional block diagram of the traffic control system and 
traffic surveillance system which were installed on the Lodge Freeway 
as part of NCHRP Project 20-30 

Co DEVELOPMENT OF THE CONTROL PLANS 

The philosophy which was used to develop the ramp control plan was 
1) to first determine the control requirements of the Freeway~ 2) to 
estimate the amount of traffic which would divert from the Freeway, 
and 3) to determine the abilitv of the streets in the Freewav Corridor 
to accommodat~ the diverted traffic . In addition, the network traffic 
signals were invest.Lgai.;~u i.;,o uecermine if a signai retiming pi.an would 
be effective in improving operation for present traffic and the antici
pated diverted traffic. 

The control requirements for the Freeway were determined by means 
of a linear programming technique·e The basic model used for this 
purpose had been developed earlier (12.,v lQ), but it was necessary to 
alter the model slightly for this new application. The operation of 
this model is described in Appendix B. 

Figure 13 is a summary of the various control modes that were 
possible at each of the eight controlled ramps with the computer program 
which was developede Each of the eight ramps could be operated on a 
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Figure 13. Entrance Ramp Traffic Signal Control Modes Available with 
the First Computer Program Prepared on NCHRP Project 20-3. 



pre-programmed mode in which the metering rate for each five-minute 
period was determined in advancee The computer would then operate 
each signal so that the desired number of cycles would be obtained for 
each five-minute periode 

Each ramp location had individual characteristics which dictated 
the use of certain control modes. The various locations and applicable 
modes are discussed in Appendix B. 

The capacity values which are shown in Figure 13 are the initial 
settings only and were not considered the final control parameters. 
In addition to the prime traffic-adjusted control modes on the ramps, 
which are operated on a one-at-a-time basis~ a background cycle of one 
vehicle every twenty seconds was used so that a vehicle had to wait 
at most twenty seconds when it reached the signal. 

During the two months of research on the ramp control system, the 
West Grand Boulevard and Livernois direct ramps were operated on a pre
programmed basis, the demand-capacity mode was used at Chicago, and the 
traffic adjusted modes were used on the other five ramps. 

De DEVELOPMENT OF A NETWORK SIGNAL RETIMING SYSTEM 

A traffic signal system analysis was performed to determine if a 
signal retiming system might improve the movement of present and diverted 
traffic on the Freeway Corridoro The traffic system analysis indicated 
that the major flow through the Freeway Corridor was in the northbound 
direction so the signals on Woodward, Second, and East Service Drive
Hamilton were checked as were those on West Grand Boulevard and McNichols. 
The entire area concerned is shown in Figure 14. 

The retiming plan involved coordination between four separate 
responsible agencies to obtain the best overall system. More detailed 
information on the signal retiming is included in Appendix B. 

E. TECHNIQUES USED IN THE EVALUATION OF THE EFFECTS 
OF CONTROL CHANGES IN NETWORK OPERATION 

Evaluation of Changes in the Freeway Operation 

Three types of traffic analyses were performed on the Freeway for 
the purpose of evaluating changes in freeway operation. The most 
important analysis technique was the input-output analysis which has 
been previously described, These input-output analyses were performed 
each week~day on the northbound Lodge Freeway 8 although because of 
weather and some operational problems not all of the data were usable. 
The most likely estimate of each of the figures of merit under each 
control condition~ as well as the standard deviation of each, was 
obtained, thereby making possible the testing of statistical hypotheses 
regarding Freeway operation under the two control conditions. 
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The moving vehicle method of data collection was used• and each 
afternoon during the peak period a vehicle was driven on the Freeway to 
obtain speed, travel time, and acceleration noise data. Only the travel 
time data were used in the evaluation of the effects of the controls. 

In addition to the other study techniques, aerial photographs were 
obtained periodically to determine the number of vehicles on the Free
way as a function of time, which in turn yields the total travel time 
on the Freeway and other operational information relating to density. 
The aerial photographs were also used to study the queues at the ramp 
signals and to determine the delay at these signalse 

Evaluation of Changes in Traffic Operation in an Arterial Street Network 

The system analysis technique which was the primary method used in 
the evaluation of the operational changes in the network involved the 
use of aerial photography and a volume sampling procedure on links in 
the network. A description of the link coding technique for the network 
information is included in Appendix B. 

The aerial photography was used to determine the number of vehicles 
on each link of the system as a function of time 9 which was then trans
lated to the total travel time on each link in a given time period. 
This was done on a sampling basis and several days were required to 
obtain adequate samples in the entire network. 

The six-minute sampling procedure (l!) was also used to determine 
the volumes on each of the links. By collecting data over a time period 
of many days under a given operational or control condition, it was 
possible to determine the average values of total travel time in the 
system9 the total travel in the system, and the variance of each (.§).* 
From these measures it was possible to determine the average speed in 
the system~ and the kinetic energy in the system, as well as for each 
of the links in the system (..§)" Since these figures of merit were the 
same as those which were obtained on the Freeway, a total system evalu
ation was possible and it was possible to test several statistical 
hypotheses regarding the effect of the ramp control system on traffic 
operation in the Freeway Corridor. 

An instrumented vehicle was used to collect data on the links in 
the arterial street system. The data collected included speed, travel 
timet and acceleration noise on each of the links in the system& In 
the analyses presented in this report, travel time is the primary figure 
of merit .. 

* These network analysis procedures were developed on NCHRP Project 20-3 
by the Texas Transportation Institute* although some elements_ of the 
procedures have been used by others in the past. 
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F. EVALUATION OF THE EFFECTS OF THE CONTROL 
SYSTEM ON FREEWAY OPERATION 

A great deal of data was ~ollected to evaluate thoroughly the 
effect of the ramp control system on corridor operations While the 
systems approach to the study yielded measures of effectiveness for 
the entire corridor, the Lodge Freeway itself is of major concern since 
the effects of the control would be expected to be greatest on the Free
way. The results presented herein were obtained primarily from the 
input-output studies described earlier, although the results of the 
moving vehicle studies and aerial photographic data are also presented. 
The following paragraphs discuss the study plan, including the 
scheduling and data collection, and the resultse 

Study Plan 

In the original project schedule for NCHRP Project 20-3, it was 
anticipated that the spring months of 1967 would be used to develop 
control plans and to evaluate the National Proving Ground Traffic 
Control System. The sunnner months were to be used for the evaluation 
of the ramp control system. Data collected in the month of June was 
to be the data base for evaluation, or "before" studies, and July and 
August would be used to collect data for the evaluation. or "after" 
studiess 

In the interest of increasing the sample sizes for this comparison, 
the possibility of including the data from the months of April and May 
in the before period was investigated. To assure that the traffic 
pattern had not changed significantly between spring and summer 8 statis
tical analyses were performed~ Total travel was used to measure the 
changes in the traffic pattern since total travel is a measure of the 
demand placed on the system. The results of the analyses showed that 
the traffic pattern had not changed significantly~ so the before period 
was expanded to include mid-April through June. 

The after period~ July and August & was disrupted by the civil 
disturbances in Detroit during the last week of July. A two-week 
period was allowed following the civil disturbances for the traffic 
pattern to restabilize. The study area (shown in Figure 10) was one 
of the areas most severely affected by those disorders. 

The entrance ramp control system was placed into effect on July 6j 
1967t On the preceding day, motorists were stopped at the eight 
controlled ramps and handed a descriptive leaflet on the operation@ 
This leaflet is contained in Appendix B. 

Presentation of Results 

For analysis purposes the data were placed into two categories. 
The results which are presented represent all of the data collected on 
nearly all days of the studyo A limited amount of data was discarded 
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for these analyses because of reduced-capacity occurrences, data errors, 
or other reasonso These data were used in the analyses because this 
procedure increased the sample sizes. The second category involved 
data which were more thoroughly screened. Data in this category had 
a lower error tolerance and included no data on days in which there 
were any reduced capacity incidents which affected the traffic opera
tion. The purpose of the analysis of these data was to provide a 
consistency check with the data which were used in the primary analyses. 

Table 4 presents a summary of the results of the input-output 
studies on the northbound Lodge Freeway from 2:30 to 6:30 porn• The 
total travel time (TTT) and delay (D) figures have been altered to 
account for the delay at the ramp signals which will be described in 
the next sectiono A detailed discussion of each element in the input
output studies is contained in Appendix B. 

TABLE 4 

SUMMARY OF INPUT-OUTPUT DATA ON THE 
NORTHBOUND LODGE FREEWAY FROM 2:30 TO 6:30 porno 

SYMBOL MEASURE OF CONTROL CONDITION DIFFERENCE 
EFFECTIVENESS No Metering With Metering 

I Total Input-vehicles 43,550 42,700 - 850* 

TT Total Travel - 154,200 154,700 + 500** 
vehicle miles 

TTT Total Travel Time - 5,660 4,4001 -1260* 
vehicle hours 

D Delay - vehicle hours 1, 720 ssoI - 840* 

Us=TT/TTT Average Speed-mph 27o3 35o2 + 7.9*** 

KE=(TT) 2 /TTT Kinetic Energy- 4.21 x 106 5.45 x 106 +le 24x106*** 
veh. mi./hr. 2 

* Statistically significant at the 95% confidence level. 
** Difference not statistically significant at the 95% confidence level. 

*** Statistical tests not performed. 
I Includes delay at ramp queueso 

This table reflects quite clearly the improvement in traffic opera
tion on the northbound Lodge Freeway when the ramp metering system was 
put into effect. The quality of flow as measured by the total travel 
time, delay, average speed and kinetic energy was greatly improved, 
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while the quantity of flow as measured in total travel (vehicle miles) 
remained essentially unchangedo The reduction in travel time was 
about 21%, the reduction in delay was about 54%, and the average 
speed increased by about 36% on the Freeway when the ramp metering 
system was initiatedo About 850 vehicles apparently were diverted 
from the Freeway to the arterial street system by the ramp metering 
system. 

Delay at the Ramp Signals 

When traffic signals are placed on freeway entrance ramps for the 
purpose of limiting the input to the freeway, queues tend to form at 
the signalso In a total system analysis it is necessary to account 
for the delay at these signalso 

Table 5 contains the delay at each of the entrance ramp signals 
and in another location that represented a queueing areao These delays 
were obtained from the aerial photographs which were taken to evaluate 
the arterial street operationo 

TABLE 5 

DELAYS IN QUEUES CAUSED BY THE RAMP SIGNALS 

LOCATION DELAY-VEHICLE HOURS 

West Grand Blvdo Entrance Ramp 17.3 
Seward Entrance Ramp 31.0 
Chicago Entrance Ramp 17o3 
Webb Entrance Ramp 5.6 
Davison Entrance Ramp 7o3 
Linwood Entrance Ramp 15.2 
Livernois Loop Entrance Ramp 606 
Livernois Direct Entrance Ramp 4.8 
Other Locations 2o9 

TOTAL 108.0 

From this analysis it is apparent that the greatest queueing delays 
occur at the Seward, West Grand Boulevard, Chicago, and Linwood entrance 
ramps. The total delay due to queueing at the ramp signals is 108 
vehicle hours, considerably less than the reduction in total travel 
time and delay on the Freewayo 
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Moving Vehicle Data 

During the course of the evaluation of the effects of the ramp 
control system on the Freeway operation, a moving vehicle was driven 
through the system to provide data on individual vehicle operationo 
Table 6 contains a sunnnary of the travel time data for the 803 mile 
section from Grand River to Meyers on the northbound Lodge Freewayo 

It can be seen in Table 6 that for each of the seven half-hour 
periods (excluding 5:30-6:00), the mean travel time was less when the 
ramp controls were in effecto Four of the seven differences are 
statistically significanto These data support the input-output data 
and suggest that the ramp controls did, indeed, improve Freeway oper
ationo 

TIME PERIOD 

' 

2:30 - 3:00 

3:00 - 3:30 

3:30 - 4~00 

4:00 - 4:30 

4~30 - 5:00 

5:00 - 5:30 

5:30 - 6:00 

6:00 - 6:30 

TABLE 6 

NORTHBOUND FREEWAY TRAVEL TIME DATA FROM 
GRAND RIVER TO MEYERS ROAD 

CONTROL CONDITION 
No Metering With Metering DIFFERENCE 

- -x 
' 

Sx nx y Sy ny 

min. min. min. min. 
14.2 3.9 5 llo3 1.5 17 -2.9 min. 

13o9 1. 7 13 12.4 2.3 14 -LS* 

1608 4.7 13 13.2 lo4 11 -3.6* 

16.7 3.1 17 13.3 2.4 14 -3o4* 

19o0 3.2 14 16.6 3.7 13 -2.4 

24.3 4ol 9 19.3 3.9 16 -5o0* 

-- -- 0 17.0 3.4 7 ---
20.6 4.5 9 15.0 5.3 3 -5.6 

* Differences are significant at the 95% confidence level 
H0 : X = Y' 
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Ge EVALUATION OF THE EFFECTS OF THE CONTROL 
SYSTEM ON CORRIDOR OPERATION 

The data on the arterial street system operation were collected 
by manual volume counts (to obtain total travel in vehicle miles) and 
by aerial photography (to obtain total travel time in vehicle hours)o 
The procedures have been discussed earlier in the reporto 

Data were collected for the "before" studies during April, May, 
and Juneo Data were collected for the "after" studies during July and 
August. In the July and August period~ data were not collected during 
the stabilization period following the implementation of the ramp 
controls nor during a two-week period during and inunediately following 
the "civil disturbances" in July. Consequentlyj some of the sample 
sizes are fairly smalle 

Total Freeway Corridor 

Table 7 """'°R~nts a summary of the effects of a ramn C'ontrol ., .. .,_ 
tem and the signal retiming system on the arterial street system in the 
Freeway corridor (as shown in Figure 10). The sample sizes given are given 
in Appendix Table B~6 and are approximate since the number of aerial photo
graphic studies and volume studies were different for the different links 
in the system. 

TABLE 7 

SUMMARY OF THE EFFECTS OF THE RAMP CONTROL SYSTEM 
ON THE OPERATION OF THE ARTERIAL STREETS IN THE CORRIDOR 

Measure of CONTROL CONDITION 
DIFFERENCES 

Effectiveness No Metering With Metering 

Total Travel -
vehicle miles 135,500 133,650 -l,850*veh.Ill~ 

Total Travel Time -
vehicle hours 78368 7 ,119 - 249 vehohr 

Average Speed -
miles per hour 18.4 18e8 + Oo4 mph 

* Statistically significant at the 95% confidence level. 

It can be seen from Table 7 that the operation on the arterial 
street system remained essentially unchanged - with a slight improvement 
in operation if any real change was effected. No severe deterioration 
of operation in the corridor accompanied the implementation of the ramp 
controls and the subsequent diversion of about 850 vehicles to the 
arterial street system. 
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The total travel decreased (significantly) by 1~850 vehicle miles 
after the ramp metering system was initiated and the total travel time 
decreased (not significantly) by 249 vehicle hourso Before ramp con
trols 8 the average speed on the arterial streets was 1804 mph (total 
travel divided by total travel time) and was 1808 mph with the ramp 
controls in effect. 

Streets Included in the Signal Retiming System 

Figure 14 shows the portion of the corridor which was included in 
the signal retiming systemo The major streets in this limited system 
are Woodward, Second~ Hamilton (and the East Service Drive)j West 
Grand Boulevard, and McNicholso The operation of this limited system 
was analyzed apart from the rest of the corridor to determine the effect 
of retiming the signals in this areao 

Table 8 presents a summary of the operation on the streets included 
in the signal retiming system (the limited system)o After signal re
timing, the total travel was 2,100 vehicle miles less, and the total 
travel time was 237 vehicle hours lesse The average speed increased 
from 22.1 to 22o9 miles per houro 

TABLE 8 

SUMMARY OF THE OPERATION IN THE LIMITED STREET SYSTEM 
BEFORE AND AFTER THE SIGNAL RETIMING SYSTEM 

MEASURE OF CONTROL CONDITION 
EFFECTIVENESS Old System 1 Signals Retimed 

DIFFERENCES 

Total Travel -
vehicle miles 94i750 92,650 - 2,100 

Total Travel Time ~ 
vehicle hours 428200 4045.0 - 23700 

Average Speed -
miles per hour 22.1 22.9 + 0.8 

The decrease in total travel time in the limited system was caused 
by a) the decrease in total travel, and b) the increase in average 
speed. If it is assumed that the change in average speed was a func
tion of the modifications to the signal system operation and was not 
a function of the change in total travel~ which is probably a reason
able assumption 8 it is possible to estimate the reduction in total 
travel time due to the signal timing changes alone. If the total 
travel had remained constant at 94,750 vehicle miles through the 
signal timing change and if the average speed increased from 22.l 
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to 22.9 mph, the total travel time would have decreased from 4282 to 
4135 vehicle hourse Thus, the signal timing changes appear to have 
resulted in a decrease of 147 vehicle hours of total travel time per 
daye 

H.. CONCLUSIONS 

Any conclusions on the results of a freeway ramp metering control 
system are a function of the traffic pattern, the extent of the 
congestion before control, and the street and freeway system near the 
control area. With this in mind the following conclusions are offered 
on the evaluation of the effectiveness of the ramp control system on 
the Lodge Freeway traffic operation: 

lo Traffic operation on the Freeway in the four-hour peak period 
was substantially improved when the control system was 
implemented and this is evidenced by the following statistics: 

ao the total input to the Freeway was decreased by about 2%; 
be the total travel on the Freeway was not changed by the 

controls; 
c. the total travel time on the Freeway was about 22% (about 

1260 vehicle hours) less during the control periodo Thus, 
the amount of travel on the Freeway remained about the 
same but was much more efficient,, Using 250 peak periods 
of operation per year the resulting total annual travel 
time savings is 315,000 vehicle hours; 

de average speed and kinetic energy on the Freeway were both 
substantially higher during the control condition; and• 

ee delay on the Freeway was reduced significantly when the 
ramp controls were in effecte 

2o The operation of the arterial streets in the Freeway corridor 
was improved somewhat even though about 850 vehicles diverted 
from the Freeway to the street systeme The retiming of the 
traffic signals in a portion of the Freeway corridor in 
anticipation of this diverted traffic appeared to be primarily 
responsible for the improvement in operation on the street 
systeme 

3,, Based on the successful application of the concept of freeway 
ramp control on the Lodge Freeway, as well as earlier applica
tions in Houston and Chicago, it would appear that freeway 
entrance ramp control is ready to be accepted by operational 
agencies as a traffic operational device& just as other 
traffic control devices are considered at the present timeo 

4e When a freeway ramp control plan is being developed• it is 
necessary to consider the freeway and the corridor area as an 
integral systemo This same traffic system should also be 
considered in the evaluation of a control systemo 
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CHAPTER IV 

SYSTEMS ANALYSES AND RECOMMENDATIONS 

This chapter presents a summary of the systems analyses which were 
conducted and the resulting system recommendations. The primary analysis 
dealt with a cost/effectiveness evaluation of several candidate systems 
from several alternative types of systems. The alternative types of 
systems which were considered included 1) the National Proving Ground 
Traffic Control System designed an an operational system, 2) the con
tinued operation of the National Proving Ground Traffic Control System, 
3) ramp metering systems and 4) composite systems comprised of a ramp 
metering subsystem and a closed circuit television surveillance system. 
The next section presents a brief discussion of the cost/effectiveness 
analyses and Appendix C presents a more detailed coverage of this 
subject. 

The analyses which were performed dealt primarily with the types 
of systems on which operational studies had been conducted so that 
valid estimates of the effectiveness could be used in the analyses. 
The use of error-budgeting analysis; a technique whereby a set of 
subsystems are selected (one subsystem from each of a set of subsystem 
types) to compose a system, was investigated. By using this technique 
one can select a set of subsystems which will result in a system with 
either the smallest system error for a stated system cost (or less) 
or the smallest system cost for a stated tolerable system error (or 
less). A mathematical programming approach to the error budgeting 
analysis was developed and is described in Appendix D. This type of 
analysis was not found to be applicable at the present stage of analy
sis since presently comparisons are being made among variations of 
existing operational systems and the error budgeting analysis is 
properly a system design tool. 

A functional analysis of surveillance and control systems was 
performed. This analysis is presented in Appendix E and a summary 
appears in this chapter. From these analyses a preferred system was 
selected and a set of specific recommendations for traffic surveillance 
and control on the Lodge Freeway is contained in this chapter. 

A. COST/EFFECTIVENESS ANALYSIS OF OPERATIONAL TRAFFIC CONTROL SYSTEMS 

The basic objective of NCHRP Project 20-3 is to provide operating 
traffic agencies conclusions regarding the cost/effectiveness of candi
date traffic control and driver information systems for improving 
traffic flow in a freeway corridor. These agencies are interested 
primarily in operational systems as contrasted to research or measure
ment systems and the analyses presented in this report deal with sys
tems which have an operational function, 

There are many types of traffic control and driver information 
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systems which might be applied to improve traffic flow in a freeway 
corridor. These include an "on-freeway" control system, a ramp 
metering system, real-time traffic signal control systems and various 
driver information systems in the corridor and on the freeway. All of 
these represent investment alternatives of the operating agencies and 
must compete for the limited funds of these agencies. Hence, cost/ 
effectiveness information on each of these systems is quite important. 

This report contains cost/effectiveness analyses of two types 
of traffic control systems - the "on-freeway" traffic control system 
and the ramp metering control system. The cost/effectiveness analyses 
were limited to these two types of systems because the activities of 
NCHRP Project 20-3 during 1967 included studies which provided a 
basis for estimating the effectiveness of these systems. Estimates 
of the effectiveness of systems which were not investigated would 
have represented little more than guesses. Further information will 
have to be obtained before accurate estimates of the effectiveness of 
these other systems can be accurately determined. 

Since one of the primary purposes of a traffic control or driver 
information system in a freeway corridor is to reduce the total travel 
time for a given or fixed amount of total travel, the measure of 
effectiveness which was used in the cost/effectiveness analyses is the 
annual reduction in total travel time. The annual cost of each of 
the systems was determined and includes all annual maintenance and 
operating costs and an annual equipment amortization cost. A ten
year life was assumed for all equipment and a 4 1/2% interest rate 
was used. 

The units of the effectiveness measure are vehicle hours per year 
and the cost units are dollars per year. For any system, then, the 
cost/effectiveness ratio is the cost required to save one vehicle hour 
of travel time with that system. 

There are three ways to use a cost/effectiveness study and they 
can be used independently or together. One can select systems which 
provide the maximum efficiency for a given budget amount, Another 
is to select systems which provide a given efficiency at a minimum 
cost. The third is to require the cost/effectiveness ratio to be 
below some required maximum to insure that the cost of a unit of 
efficiency is at least as great as its worth. 

In determining costs of the candidate systems, it is necessary to 
make certain assumptions regarding the operating environment, e.g., 
research or pure operation, type of administration, etc. Appendix 
Table C-1 lists the assumptions considered most appropriate for each 
type of system and these can be seen to vary from one system to another. 
More detailed information on the cost/effectiveness analysis is pre
sented in Appendix C. 
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Cost/Effectiveness Analysis of ''On-Freeway" Control System 

In developing candidate systems for cost/effectiveness analysis 
of the NPG operation, the four basic elements of the system are TV 
surveillanc , lane control signals, speed signals, and ramr signs 
and are considered independently. These are treated as the basic 
elements since they represent all of the discrete subsystems which 
could function independently and self-sufficiently in a traffic con
trol system. 

If all possible combinations of these elements are considered 
admissible, a total of 16 candidate systems is generated. These 
systems are identified in Table 9. Not all candidate systems could 
be considered practical; however there is a specific cost and a spe
cific effectiveness associated with each one which gives rise to 16 
unique points on the cost/effectivenss plane. The less feasible can
didate systems are thus evidenced by an unfavorable cost/effectiveness 
relationship. In some cases, more than one method of physically 
implementing a given candidate system exists. In the following 
analysis, only the alternative exhibiting the best ratio of cost to 
effectiveness is considered. 

For each of the sixteen candidate systems an annual cost was 
estimated. The annual costs include amortization charges, annual 
operating costs, annual cost of leased equipment and annual maintenance 
costs. 

The measure of effectiveness which was used is total annual re
duction in vehicle hours of travel time due to operation of each 
candidate system. The effectiveness of each of the four system ele
ments (television surveillance, lane control signals, speed control 
signs and the "Don't Enter Ramp" signs)was estimated so that the 
effectiveness of the systems using various combinations of these ele
ments could be used. The effectiveness of the closed circuit tele
vision surveillance was estimated by a mathematical model (presented 
in Appendix C) based on the reduction in police response times to 
incidents which block the freeway lanes (22). The effectivenesses of 
the other control elements were estimated by operational studies and 
some results of past research. 

Table 10 summarizes the annual cost and effectiveness for each 
of the candidate systems and also presents the cost/effectiveness 
ratio of each. This same information is presented graphically in the 
cost-effectiveness plane in Figure 15. The interpretation of the 
cost/effectiveness ratio for each candidate system is that it is the 
minimum cost value which could be assigned to a vehicle hour of travel 
time savings in order for the system to have a benefit/cost ratio of 
one, It is, in fact, the expended cost for each vehicle hour of travel 
time saved by this system; hence, if the cost of a vehicle hour is 
considered worth less, the system is not cost/effective. 
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TABLE 9 

CANDIDATE SYSTEMS FOR "ON-FREEWAY" SURVEILLANCE AND CONTROL 

CANDIDATE I N F 0 R M A T I 0 N F L 0 W DISPLAYS 
SYSTEM Principal 

Transmission Speed Lane Ramp 
Source Processing 

Signs. Signals Si gm 

1 --- --- ---
2 Field Reports Telephone Lines Operator x 
3 Field Reports NPG Cable Operator x 
4 Field Reports NPG Cable Operator x x 
5 Detectors NPG Cable Computer & Operator x 
6 Field Reports & Detectors NPG Cable Computer & Operator x x 
7 Field Reports & Detectors NPG Cable Computer & Operator x x 
8 Field Reports & Detectors NPG Cable Computer & Operator x x x 
9 Television NPG Cable TV Monitors & Operator 

10 Television NPG Cable TV Monitors & Operator x 
11 Television NPG Cable TV Monitors & Operator x 
12 Television NPG Cable TV Monitors & Operator x x 
13 Television NPG Cable TV Monitors & Operator x 
14 Television NPG Cable TV Monitors & Operator x x 
15 Television NPG Cable TV Monitors & Operator x x 
16 Television NPG Cable TV Monitors & Operator x x x 



TABLE 10 

COST/EFFECTIVENESS ANALYSIS OF "ON-FREEWAY" CONTROL SYSTEMS 

CANDIDATE E L E M E N T s Effectiveness-Annual Cost/Effectiveness-
SYSTEMS Speed Lane Ramp Annual Cost Travel Time Savings- Dollars per Vehicle Hour 

TV Signs SignalE Signs Vehicle Hours Saved 

1 0 0 --
2 xx $ 14,600 6,250 $ 2.34 
3 xx 82,290 0 00 
4 xx xx 83,390 6,250 12.65 
5 xx 134 ,240 0 00 
6 xx xx 135,340 6,250 20.90 
7 xx xx 138' 390 0 00 
8 xx xx xx 139,490 6,250 21.70 
9 xx 88,600 64~700 1.37 

10 xx xx 89,700 77 ~200 1016 

11 xx xx 116,390 64~700 1 0 80 

12 xx xx xx 117,490 77 ~ 200 1,52 

13 xx xx 116,590 64,700 1.80 

14 xx xx xx 117,690 77 '200 1.52 

15 xx xx xx 132,740 64:)00 2.05 
16 xx xx xx xx 133,840 77 :!200 1.73 
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If E is the effectiveness of a system in annual vehicle hours of 
travel time savings, K is the value assigned to a vehicle hour of 
travel time savings in dollars per vehicle hour, B is the annual 
benefit of the system in terms of dollars. and C is the annual cost of 
the system, some relationships can be derived. The benefit B = KE. 
The cost/effectiveness ratio is C/E and the benefit/cost ratio is 
B/C. Therefore, B/C = K(E/C) = K/(C/E). If a minimum B/C* is re
quired to justify a system and if a K value is assigned 

min.(B/C) = K/(C/E) 

and therefore max.(C/E) K/min.(B/C) 

is the maximum cost/effectiveness ratio for which the system would 
provide the minimum required benefit/cost ratio. In order for a sys
tem with a known C/E ratio to be cost/effective, the following rela
tionship must hold true K >(C/E) min. (B/C). This does not mean that 
the system is the most cost/effective since an analysis of alternate 
systems is required before this conclusion can be reached. 

In Table 10, the most favorable cost/effectiveness ratio belongs 
to Candidate System #10 which includes only the closed circuit tele
vision and ramp signal elements. Since C/E = $1.16 per vehicle hour, 
K;;;, $1.16 min. (B/C) must hold for this system to be justified. If 
min. (B/C) = 1, K must be $1.16 or larger; if min. (B/C) = 3, K must 
be $3.48 or larger. A recently completed research report (23) indi
cates that a value of travel time of $2.82 per person per hour is 
reasonable. Thus, a value of $3.00 per vehicle hour of travel time 
would not be excessive. Candidate System #10 would be cost/effective 
if a benefit/cost ratio of slightly less than 2.0 is required to 
justify installation of a traffic control system. Based on the $3.00 
per vehicle hour of travel time, Candidate Systems #9-16 would all 
be cost/effective if a minimum B/C ratio of 1.0 is accepted. Candi
date Systems 2-8 are clearly not cost/effective based on present 
evaluations of travel time costs. 

Cost/Effectiveness Analysis of Continued Operation of the NPG 
System 

A feasible alternative not considered to this point would be the 
continuation of the present NPG system utilizing existing equipment 
(assumed to be paid for) and requiring only the annual operation and 
maintenance costs. The same sixteen candidate systems are used in this 
analysis. In estimating the cost of continued operation of each 
candidate system, it is assumed that no portion of the costs are 

* Perhaps a benefit/cost ratio of 3.0 is required to justify road con
struction so the same benefit/cost ratio may then be required to 
justify investing in a traffic control system. 

63 



defrayed by research funding. In other words, the cost/effectiveness 
analysis of continued operation is made from the point of view of an 
operating agency. 

Of course, continued operation without additional investment can
not be carried on indefinitely, since some limit must be attached to 
the life of the equipment. Any attempt to attach such a limit at this 
point would be pure conjecture, due to the subjective considerations 
involved. For instance, the manufacturer of the TV equipment has 
recently indicated that, in its opinion, the entire television system 
is in need of replacement, although satisfactory performance is still 
apparent without excessive maintenance. 

It can, however, be said with some certainty that the temporary 
cable which was installed experimentally on the median surface several 
years ago will require replacement if the operation is to continue 
for any length of time. The telephone company representatives have 
indicated in recent discussions that the regular tariff rates (as 
opposed to the present special rates)are most likely to apply in future 
transactions. (It is noted that regular tariff rates were charged 
in connection with ramp metering control circuits.) In the cost 
analysis transmission of video and control signals is assumed to be 
accomplished through leased telephone lines. 

The effectiveness of each of the candidate systems is assumed 
to be unchanged from the previous analysis of "on-freeway" control 
systems. 

Table 11 shows the annual cost of each of the candidate systems 
as well as the effectiveness and the cost/effectiveness ratio. The 
lowest cost/effectiveness ratios are associated with Candidate Sys
tems 9-16. Of these, Candidate System 9 (the closed circuit tele
vision only) and Candidate System 10 (the closed circuit television 
and "Don't Enter Ramp" signs) are .the most cost/effective with 
cost/effectiveness ratios of $1.14 and $0.97 per vehicle hour saved. 

Cost/Effectiveness Analysis of a Ramp Control System on the North
bound Lodge Freeway 

The cost-effectiveness analysis of ramp control systems pre
sented in this section is based to a large extent on the ramp control 
system which was installed on the northbound Lodge Freeway as part of 
NCHRP Project 20-3. Four minor variations of this system are included 
in the analysis. 

Four candidate systems are analyzed here. The first is essential
ly the system which is presently in operation on the northbound Lodge 
Freeway. The second candidate system is essentially the same system 
except that it represents "a more streamlined" operation and is con
sidered to be designed and operated more as an operational system. 
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Candidate 
System 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

TABLE 11 

COST/EFFECTIVENESS ANALYSIS OF CONTINUED OPERATION OF 
CANDIDATE NPG CONTROL SYSTEMS ("ON-FREEWAY" ONLY) 

Annual Effectiveness-Annual Cost/Effectiveness-
Cost Travel Time Savings- Dollars per Vehicle 

Vehicle Hours Hour Saved 

0 0 --

$ 14,080 6,250 $ 2.30 

57,090 0 00 

58,170 6,250 9.34 

107,290 0 00 

108, 370 6,250 16.20 

114,490 0 00 

115,570 6,250 18.50 

73,790 64,700 1.14 

74,870 77 '200 0.97 

98,490 64,700 1. 52 

99,570 77' 200 1. 29 
' 

98,140 64,700 1.55 

99,220 77' 200 1.29 

117,340 64 ,700 1.81 

118,420 77' 200 1. 53 
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Candidate System 1 involves some additional costs because it is operated 
in a research environment with separate administration and considerably 
more effort directed towards evaluation of operation and documentation 
of results. 

Candidate Systems 3 and 4 are similar to Candidate Systems 1 and 
2 except that they have additional detectors on the ramps and display 
devices on the frontage road. This will allow the metering system to 
be operated in case of maintenance operations or other capacity 
reductions on the Freeway in a manner similar to the present "Don't 
Enter Ramp" signs of the National Proving Ground. Candidate System 3 
is the same as Candidate System 1 with the frontage road displays 
added while Candidate System 4 is similarly related to Candidate Sys
tem 2. In the cost analysis the systems are assumed to have permanent 
installation. 

The effectiveness of each of the candidate systems is stated in 
terms of the annual reduction in travel time in vehicle hours. The 
effectiveness of Candidate Systems 1 and 2 are the same and can be 
found quite easily from available data. In Table 4 the average re
duction in total travel time on the northbound Lodge Freeway is 1,260 
vehicle hours in an average peak period. Assuming 250 peak periods 
per year, the annual savings in travel time due to the operation of 
either Candidate System 1 or 2 is 315,000 vehicle hours. 

It was concluded that the operation of the "Don't Enter Ramp" 
signs of the National Proving Ground Traffic Control System would be 
12,500 vehicle hours per year. This figure is based on 50 cases per 
year in both traffic directions. It is assumed that the use of Candi
date Systems 3 and 4 would result in the same reduction of travel time 
as would the NPG "Don't Enter Ramp" signs. Because these systems 
would be operated in the northbound direction only, the increase in 
the effectiveness of Candidate Systems 3 and 4 during the off-peak 
periods is assumed to be 6,250 vehicle hours. 

The cost/effectiveness analysis is summarfzed in Table 12 and in 
Figure 16. It should be borne in mind that the candidate systems in
cluded in the analysis involve control of one direction of the Lodge 
Freeway. Many of the costs included in the four capdidate systems 
being analyzed would not be increased if the control were extended to 
include the inbound direction of the Lodge Freeway as well. In other 
words, if the ramp controls were extended to both directions of the 
Freeway, the effectiveness would probably nearly double while the 
costs would be less than doubled and the cost/effectiveness would be 
increased. 

The results of the cost/effectiveness analysis of the four candi
date ramp control systems which were evaluated was quite impressive. 
The least cost/effective of the four systems considered costs about 
38¢ for each vehicle hour of travel time savings. The values of 
travel time currently used in benefit/cost analyses ranges from the 
old value of $1.55 per vehicle hour to newer values of around $3.00 
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CANDIDATE 
SYSTEMS 

1 

2 

3 

4 

TABLE 12 

COST/EFFECTIVENESS ANALYSIS OF RAMP METERING SYSTEMS 

OPERATION DESIGN ANNUAL Effectiveness-
Present + l?or Opera- COST Annual Travel 

Present Off Peak Present tional Use DOLLARS Time Savings-
(Research Vehicle Hours 
and 

Onerations' 

x x $112,855 315,000 

x x $ 50,475 315,000 

x x $121,145 321,250 

x x $ 58,755 321,250 

Cost/Effec-
tiveness 
Dollars per 
Vehicle Hour 
Saved 

0.358 

0.160 

0.377 

0.183 



per vehicle hour. With these figures in mind, it is quite apparent 
that any of the candidate ramp metering systems is cost/effective. 

Cost/Effectiveness Analysis of Composite Systems 

This section presents a cost/effectiveness analysis of candidate 
systems which consist of both closed circuit television surveillance 
subsystem and ramp metering subsystem. The television surveillance 
would cover both directions while the ramp metering system is assumed 
in operation only on the northbound Lodge Freeway. 

The other elements of the "on-freeway" control system were not 
included in the candidate composite systems. The overhead speed con
trol signs and the lane control signals were not included because of 
earlier conclusions to the effect that their effectiveness is some
what limited under the present usage. The "Don't Enter Ramp" signs 
were not included in the candidate systems because tne ramp metering 
signals can be used to accomplish the same function as do these signs. 

All four candidate systems include the closed circuit television 
surveillance and ramp metering subsystems and the hours of operation 
are used to distinguish between the four candidate systems. Candidate 
System 1 would involve operation of both subsystems in the peak 
periods only and Candidate System 4 would involve operation of the 
subsystems in the peak and off-peak periods. The ramp metering would 
be used in the off-peak periods to encourage diversion of traffic 
around incidents which block a portion of the freeway. Candidate Sys
tem 2 would include the television surveillance during peak and off
peak periods (6 a.m. to 8 p.m.) while the ramp metering would operate 
during peak-periods only. In Candidate System 3 the ramp metering 
system would be operated in the peak and off-peak periods while the 
television surveillance system would be operated in the peak periods 
only. 

The cost/effectiveness analysis of the four candidate composite 
systems is summarized in Table 13. Candidate System 1 has the lowest 
cost/effectiveness ratio (36.6¢ per vehicle hour of travel time re
duction) but the corresponding ratios for the other systems are only 
slightly higher. The cost/effectiveness ratios of all of the composite 
systems are considered low and are well below any accepted value of 
travel time. Hence, on this basis, these systems would be considered 
to be cost/effective. However, Candidate System 3 would never be 
installed since it has the same cost as Candidate System 4 but has a 
lower effectiveness. Candidate System 4 would always be preferable 
to Candidate System 3. 
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TABLE 13 

COST/EFFECTIVENESS ANALYSIS OF COMPOSITE SYSTEMS 

Annual Effectiveness-Annual Cost/Effectiveness 
Candidate Cost- Travel Time Savings- Dollars per Ve-
System Dollars Vehicle Hours hicle Hour Saved 

1 $134,200 366,330 0.366 

2 140,200 379,700 0.370 

3 142,900 372,580 0.383 

4 142,900 385,950 0.370 

Cost/Effectiveness Comparison of Different Types of Operational 
Control Systems 

Cost/effectiveness analyses have been presented for each of the 
types of operational traffic control systems - the "on-freeway" con
trol systems, ramp metering systems and composite systems. This 
section presents a comparison of the three types of systems. 

Two of the candidate "on-freeway" control systems are included 
in this comparison. Because of earlier conclusions regarding the 
limited effectiveness of the overhead lane control signals and speed 
control signs, all of the candidate "on-freeway" systems which in
cluded either of these display elements were excluded from consider
ation. Thus, three of the candidate "on-freeway" systems are in
cluded in the analysis. Candidate System OF 1 is the trivial system 
which involves doing nothing. Candidate System OF9 is the closed 
circuit television system only (operated from 6 a.m. to 8 p.m. 011 

weekdays). Candidate System OF 10 includes the closed circuit tele
vision system and the "Don'' t Enter Ramp" signs. 

Two of the candidate ramp metering systems, M2 and M4, are in
cluded in this analysis since both were designed for operational (not 
research) use. Candidate System M2 is a metering system in one free
way direction only and is operated only in one p_eak period. Candidate 
System M4 is a metering system in one freeway direction only and in
volves operation during peak and off-peak periods. 

Three composite systems of ramp metering and television sur
veillance are considered. In Candidate System Cl the hours of opera
tion of both elements are limited to the peak periods. In Candidate 
System C4 both the television surveillance and ramp metering are 
operated during peak and off-peak periods (the function of the ramp 
metering during off-peak periods is to increase diversion around 
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incidents which block the freeway). In Candidate System C2 the ramp 
metering is operated only during the peak periods and the television 
surveillance is operated during peak and off-peak periods. 

The detailed development of the costs and effectivenesses of the 
candidate systems are presented in Appendix c. These are summarized 
in Table 14 and are plotted in Figure 17. 

TABLE 14 

COST/EFFECTIVENESS ANALYSIS OF DIFFERENT TYPES 
OF OPERATIONAL TRAFFIC CONTROL SYSTEMS 

Effectiveness-Annual Cost/Effectiveness 
Candidate Annual Travel Time Savings- Dollars per Vehicle 
System Cost Vehicle Hours Hour Saved 

OFl 0 0 --
OF9 $88,600 64,700 $ 1. 37 /vehicle hour 
OFlO 89,700 77 ,200 1.16/vehicle hour 
M2 50,475 315,000 0 .160 /vehicle hour 
M4 58,755 321,250 0.183/vehicle hour 
Cl 134,200 366,330 0.366/vehicle hour 
C2 140,200 379,700 0.370/vehicle hour 
C4 142,900 385,950 0.370/vehicle hour 

If an operating traffic agency had a certain amount of money per 
year to spend on traffic control on a given freeway, it could select 
the system which produced the greatest effectiveness for that amount 
of money. In other words, the preferred system would be the one which 
yielded the maximum effectiveness for the fixed cost. Table 15 shows 
the preferred systems for different ranges of available annual fund
ing. 

TABLE 15 

PREFERRED SYSTEMS FOR DIFFERENT RANGES OF AVAILABLE ANNUAL FUNDING 

Available Effectiveness-Annual Cost/Effectiveness 
Annual Preferred Travel Time Savings- Dollars per Vehicle 
Funding System Vehicle Hours Hours Saved 

$0 - $50,475 OFl 0 --
$50,475-$58,755 M2 315,000 $0.160/vehicle hour 
$58,755-$134,200 M4 321,250 0.183/vehicle hour 
$134,200-$140,200 Cl 366,330 0. 366/vehicle hour 
$140,200-$142,900 C2 379,700 0.370/vehicle hour 
Above $192,900 C4 385,950 0.370/vehicle hour 
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Figure 17. Costs and Effectiveness of Eight Candidate Systems of 
Various Types. 
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From this analysis one can see that to do nothing is the only 
alternative which can be followed if less than $50,475 per year is 
available. For an annual funding level between $50,475 and $134,200 
one of the ramp metering systems would be preferred and if the annual 
funding level is greater than $134,200 a closed circuit television 
subsystem could be installed with the ramp metering subsystem. It 
can also be noted in Table 16 that it would be preferable to install 
a ramp metering system on two freeways than to install a ramp metering 
system and a closed circuit television subsystem on one freeway 
(assuming that both freeways had traffic, geometric and operational 
characteristics similar to those of the Lodge Freeway). Thus, if 
control of a large system of congested freeways were being considered 
the greatest effectiveness would be obtained for a given investment 
level by installing the ramp metering subsystems on the congested 
freeways first and then adding the closed circuit television as fund
ing permitted. If adequate funding were available for both types of 
subsystems, the composite systems are cost/effective. 

Conclusions on the Cost/Effectiveness Analyses 

1. Based on the cost/effectiveness analysis of the "on-freeway" 
control systems which was conducted: 

a. Only the candidate systems which include the closed 
circuit television surveillance subsystem provide 
reasonably low cost/effectiveness ratios because this 
subsystem is the largest contributor to the effectiveness; 

b. When using travel time reduction as the measure of ef
fectiveness, the candidate systems which include either 
the lane control signal or speed signs are not cost/ 
effective because of conclusions regarding the limited 
effect of these displays on freeway travel tim~, 

c. The computer and detectors contributed little to the 
effectiveness of the ''on-freeway" systems and, therefore, 
are not cost/effective when used in these systems in the 
present manner; and 

d. The preferred systems from a cost/effectiveness point of 
view are Candidate Systems 9 and 10 which had cost/ 
effectiveness ratios of $1.37 and $1.16 per vehicle hour, 
respectively. Candidate System 9 is the television sub
system only and Candidate System 10 is the television 
subsystem and the "Don't Enter Ramp" signs. 

2. Based on the cost/effectiveness analysis of the continued 
operation of the National Proving Ground Traffic Control System which 
was conducted 

a. The continued operation of Candidate Systems 9 or 10 are 
cost/effective at $1.14 and $0.97 per vehicle hour of 
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travel time reduction, respectively; 

b. The continued operation of the overhead lane control 
signals and the speed control signs would have to be 
justified on a basis other than travel time reduction. 
The safety benefits of these displays were not evaluated 
so no positive statements can be made in this regard; and 

c. The continued operation of the computer-detector system 
is not cost/effective in the present manner of operation. 
The cost/effectiveness of the computer-detector system is 
tied to the effectiveness of the lane control signals and 
the speed control signs. 

3. Based on the cost/effectiveness analysis of candidate ramp 
metering systems which was conducted: 

a. The cost/effectiveness ratios of ramp control for congested 
freeways appears to be quite low. . The cost/effective
ness ratios for the two operational ramp control systems 
were 16.0¢ and 18.3¢ per vehicle hour of travel time 
reduction. Corresponding figures for the two research
operational systems were 35.8¢ and 37.7¢ per vehicle hour 
of travel time savings. These figures are considerably 
lower than the currently accepted values of travel time 
indicating that the benefit/cost ratios' of ramp metering 
systems on congested freeways would probably be high. 

4. Based on the cost/effectiveness analysis of the candidate 
composite systems (composed of ramp metering and television surveil
lance operated during different periods of the day) which was conducted: 

a. The cost/effectiveness ratio of all four systems con
sidered was quite low (about 37-38¢ per vehicle hour of 
travel time reduction) indicating that they provide a 
good return on the public investment. 

5. Based on the cost/effectiveness comparison of the different 
types of operational traffic control systems which was conducted: 

a. Only candidate systems which include the ramp metering 
subsystem are cost/effective. This is because the candi
date systems which do not include the ramp metering sub
system provide a lower effectiveness at a higher cost than 
do some of the candidate systems which do include the 
ramp metering subsystem; and 

b. The candidate systems which include only the ramp meter
ing have cost/effectiveness ratios of about half the 
corresponding ratios for the composite systems which in
clude the ramp metering and closed circuit television. 
This implies that it would be more cost/effective to 
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apply ramp metering to two congested freeways than it 
would to apply ramp metering and closed circuit television 
surveillance to one freeway (if both freeways have char
acteristics similar to those of the Lodge Freeway). 

B. EQUIPMENT SYSTEMS ANALYSIS 

Introduction 

The primary function of any traffic surveillance and control 
system is to improve, according to some measure of effectiveness, the 
flow of traffic. This implies a secondary function which is to provide 
an evaluation of the system performance in terms of the chosen measure 
(or measures) of effectiveness. One of the main objectives in design
ing a surveillance and control system is to perform both functions 
with the same equipment as much as possible. 

The required degree of performance evaluation depends on two 
factors. The first is the sensitivity of system performance to minor 
changes in the input variables or control parameters. For instance, a 
television surveillance system which obtains its main benefits from 
expediting assistance to a roadway incident does not require the same 
degree of evaluation as a ramp metering system which seeks to maintain 
optimum vehicular densities on the freeway at all times and which, 
therefore, may require real-time performance evaluation or feedback 
of information. The second factor determining the evaluation require
ments is the amount of research to be performed in connection with the 
operation of the system. 

While the systems studied in connection with Project 20-3 were 
heavily research oriented, the research aspects of the equipment sys
tem discussed herein will be de-emphasized in favor of the operational 
considerations. This is in keeping with the research approach outlined 
in Chapter I in which the specified intent is to provide the traffic 
engineer with a basis for making decisions regarding implementation 
of surveillance and control systems. 

Measures of Effectiveness 

Some measure of effectiveness must obviously be chosen before 
a meaningful evaluation of system performance can be carried out. A 
number of possible measures of effectiveness have been mentioned 
previously in this report. In the analyses presented to this point, 
total travel time (in vehicle hours) has been most commonly used as 
a measure of effectiveness and will also be used in this section for a 
number of reasons : 

1. Total travel time is a true system measure, i.e., it pertains 
to the system as a whole as opposed to point oriented measure
ments such as speed and occupancy; 
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2. In a properly defined system, the total amount of travel (in 
vehicle miles) will be relatively stable in a given period 
(such as a weekday peak hour). Total ..:ravel time can be used, 
therefore, to estimate relative changes in a number of other 
measures of effectiveness such as speed and delay; 

3. Total travel time can be measured or estimated economically 
and with reasonable accuracy by several established tech
niques; 

4. Individual values from small sections can be added both in 
time and distance to give a total figure for a system. Thus 
any section of roadway or time period can be considered 
separately in regard to its contribution to the total; 

5. While economists do not always agree about the specific value 
of a vehicle hour of travel time, it is generally agreed that 
there is some economic value involved; and 

6. Total travel time has an excellent conceptual appeal. It is, 
for instance, easier for the decision maker to visualize a 
vehicle hour of travel time then a "foot per second squared" 
of acceleration noise or a "vehicle mile per hour squared" 
of kinetic energy. The latter measures may have valid mean
ing to researchers and may ultimately replace total travel 
time as the accepted measure of effectiveness when their con
ceptual appeal is increased. 

System Elements 

The generalized traffic surveillance and control system is rep
resented in the functional block diagram of Figure 18. The basic 
elements shown on this figure are common to all systems. The various 
types of systems are generally characterized in terms of their display 
element. Thus, four distinct systems can be identified from those 
studied during the past year. These are a ramp metering system, a 
speed control system, a lane use control system and a motorist assist
ance system. Many of the other elements shown in Figure 18 are shared 
by these four systems. 

The complete system is represented in greater detail in the 
functional block diagram of Figure 19. In this figure, all elements 
are identified and the relationships between elements are indicated. 
In addition to the four display elements, there are three types of 
sensing elements (vehicle sensors, confirmation sensors, and tele
vision cameras), two types of transmission facilities (leased telephone 
lines and special video/control cable) and an information processing 
and control logic subsystem consisting of television monitors, a digital 
computer, a human operator, oscilloscope and confirmation displays. 

Before proceeding with a detailed analysis of the individual ele
ments, it would appear to be worthwhile to deliniate a "preferred 
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system" comprising only those elements which offer a reasonable re
turn based on cost/effectiveness relationships. From the results of 
the cost/effectiveness analysis presented previously in this chapter, 
it is apparent that the ramp metering system exhibits the lowest ratio 
of cost to effectiveness. The television surveillance system is next, 
although the cost/effectiveness is considerably higher. Television 
surveillance would appear to be justifiable in this case based solely 
on the cost/effectiveness of travel time savings; however, in less 
congested areas or in areas where little value is placed on the 
motorists time this justification may be marginal. A more detailed 
analysis of the potential travel time savings with television surveil
lance will be found in Appendix E. 

Both of the remaining displays, i.e., the lane use control sig
nals and the speed control signals were found to have limited effec
tiveness in reducing travel time on a congested freeway and are 
therefore assigned a very high cost/effectiveness ratio. These 
controls do not appear to be justifiable on the basis of improvement 
to traffic flow and further applications of these devices will require 
justification on some other basis, such as decreased number or severity 
of accidents, driver comfort, general amenity or some other reason. 

C. PREFERRED SYSTEM CONFIGURATION 

The elimination of the speed and lane control signals and the 
associated detection transmission and control devices produces the 
preferred system shown in Figure 20. The preferred system consists 
of ten individual subsystems each of which is discussed in some detail 
in Appendix E. These are: 

1) Driver Vehicle Subsystem; 
2) Assistance and Enforcement Subsystem; 
3) Closed Circuit Television Subsystem; 
4) Electronic Sensing Subsystem; 
5) Transmission Subsystem; 
6) Information Processing Subsystem; 
7) Control Logic Subsystem; 
8) Signal Control Subsystem; 
9) Signal Display Subsystem; and 

10) Signal Confirmation Subsystem. 

A linear programming model for error budgeting among candidate 
systems is presented in Appendix D. This model provides a means of 
choosing the candidate system having the lowest cost subject to a 
maximum tolerable error or, conversely, the lowest error subject to 
a maximum allowable cost. 

Error budgeting is a useful concept in systems analysis whenever 
the total error may be distributed among individual components of the 
system and whenever a cost-error trade-off exists within these com
ponents. These conditions do not apply in the case of the ramp metering 
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system under consideration since the only information required from 
the field is the presence (or absence) of a vehicle at all detectors 
during any given scanning interval of the central computer. Error 
budgeting could be used in the design of individual detection devices, 
however, since these devices are available on an "off-the-shelf" 
basis, no attempt was made to design one. Some application for error 
budgeting may be found in the design of a television surveillance 
system using minimum picture resolution as a constraint and optimizing 
the trade-off between camera spacing, camera resolution, and type of 
transmission facility; however, the location of the individual cameras 
will generally be determined by other factors such as location of 
overpasses, geometrics and alignment. Reference 25 treats the subject 
of optimum camera location in detail. 

The two major factors which determine the implementation schedule 
in a well planned traffic engineering program are 1) the relative 
cost/effectiveness relationships associated with each investment 
alternative and 2) the availability of funds. This section will deal 
with a number of the more promising investment alternatives which 
have arisen from the work conducted on Project 20-3 in order to assist 
the traffic engineer in determining the most reasonable allocation of 
available resources. 

Only systems which have already been evaluated will be dealt with 
at this time and only the Project study area (The John C. Lodge Free
way corridor) will be treated in detail in the recommendations. It is 
felt that extrapolation of these recommendations to other areas will 
be worthwhile in many cases, however, particular attention must be 
given to two important points. First, the costs and effectiveness 
can vary somewhat with the location and the particular application. 
Second, other investment alternatives beyond the scope of this re
search project (e.g. construction of new facilities) should also be 
examined from a cost/effectiveness point of view to ensure the best 
possible use of available funding. 

It is recommended that the implementation of the following sur
veillance and control measures on the John C. Lodge Freeway on an 
operational basis be undertaken under the priorities listed below. 

1) Continuation of present ramp metering system. The ramp 
metering system tested during the past year has demonstrated 
an extremely favorable cost/effectiveness ratio and continued 
operation would, therefore, appear to be an excellent invest
ment in reducing peak-period travel times. 

Operational use of this system on a permanent basis will, 
however, require replacement of a large part of the present 
experimental installation. It will be necessarv to remrnr<> 

the temporary power and telephone lines attached to the lighting 
standards. (This is a condition ot the agreement with the 
Detroit Public Lighting Commission.) The ramp signal displays 
should be reinstalled using underground wiring with base-
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mounted standards. One additional signal unit should be 
installed on the right side of each ramp to provide the double 
indication required by the Manual on Uniform Traffic Control 
Devices (26). The cost estimate used in connection with the 
cost/effectiveness analysis provided for a permanently in
stalled ramp metering system. The estimated capital and 
operating costs of this system are shown in Table:16. 

TABLE 16 

ESTIMATED COST OF INSTALLING (FOR OPERATIONAL USE) AND OPERATING THE 
PRESENT RAMP METERING SYSTEM ON THE JOHN C. LODGE FREEWAY 

ANNUAL 
CAPITAL COSTS OPERATING COSTS 

Computer $40,000 Computer $1,000/year 

Detectors 24,800 Programmer 2,500/year 

Signals 19,200 Telephone 6,900/year 
Power & 

Central Control 1,000 Maintenance 9,000/year 

Design 25,600 Operators 6,000/year 

$120,600 
Administration 10,000/year 

$35,400/year 

2) Improvement of Present Ramp Metering System. Installation of 
additional detectors on the freeway is also recommended to 
permit l:he us.a_ of_ more sophisticated control logic in the 
metering system_by providing an accurate measurement of free
way demand at each ramp. The present system uses the demand
projection scheme because of the limited detection system 
and has demonstrated its ability to improve traffic flow; 
however, truly optimal vehicular flows and densities on the 
Freeway are not likely to be attainable without additional 
detection. 

Additional freeway detectors are required in advanc~ of the 
Seward, Webb, Davison, Linwood, and Livernois ramps. Sixteen 
detection units are involved and the estimated capital and 
operating costs are shown in Table 17. 
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TABLE 17 

COSTS OF IMPROVING FREEWAY DETECTION IN THE 
PRESENT RAMP METERING SYSTEM 

ANNUAL 
CAPITAL COSTS OPERATING COSTS 

Detectors $9,600 Maintenance $500/year 

Computer Interface 800 Telephone 600/year 

Telephone Line 
Installation 100 Power 150/year 

$1,250/year 
Design 4,200 

$14,700 

3) Extend operation of ramp metering system to cover capacity
reducing incidents in the off-peak periods. Under normal 
operating conditions, the capacity of the Freeway during the 
off-peak periods is adequate to accommodate the demand. 
However, when a capacity reduction occurs due to maintenance, 
disabled vehicles or accidents, queues will usually develop 
on the open Freeway lanes and the ramp metering controls would 
often be useful in limiting the demand in the area of the 
incident. 

Two modifications to the present system are considered 
necessary to operate the signals in the off-peak periods. 
First, an additional detector should be installed at the top 
of each ramp so that by utilizing the logic of the digital 
computer it can be determined when the ramp is clear of ve
hicles, so that the first red indication can be introduced at 
the proper time. 

In the present system, the first red is introduced once 
per day at exactly the same time and is preceded by 15 sec
onds of green. The resulting operation appears to be satis
factory, however, it is not recommended that the metering be 
initiated at unpredictable times without the benefit of the 
additional logic. For the same reason, it is suggested that 
an illuminated blankout sign message indicating disruption of 
normal Freeway flow accompany the ramp metering operation in 
the off-peak periods. Estimated capital cost of this mea
sure is approximately $10,000 with annual operating cost 
estimated at $8,000. 
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4) Expansion of the ramp metering area to include the southbound 
roadway. Congestion occurs regularly on the southbound sec
tion of the Freeway between the Edsel Ford Freeway and 
approximately Seven Mile Road. It would appear that a degree 
of benefit similar to that found on the northbound roadway 
would be possible with the extension of the metering system 
to cover this part of the Freeway. 

It is, therefore, recommended that a fully operational ramp 
metering system be installed on the southbound John C. Lodge 
Freeway comprising all entrance ramps between Eight Mile Road 
and Milwaukee avenue. An approximate estimate of the costs 
of implementing this proposal is shown in Table 18 and is 
$137,000/for capital cost and approximately $26,000 for annual 
operating costs. 

TABLE 18 

ESTIMATED COSTS OF INSTALLING AN OPERATIONAL RAMP METERING SYSTEM ON THE 
SOUTHBOUND LODGE FREEWAY BETWEEN EIGHT MILE ROAD 

AND MILWAUKEE AVENUE 

ANNUAL 
CAPITAL COSTS OPERATING COSTS 

Ramp Signals $45,000 Power $2,000/year 

Detectors 40,000 Telephone Lines 9,000/year 

Transmission Maintenance 15,000/year 
& Control 16,000 $26,000/year 

Computer 20,000 

Design 16,000 
$137,000 

In estimating these costs, it has been assumed that a metering 
system installed on the southbound Freeway would incorporate all of the 
recommendations proposed thus far for the northbound system. 

5) Continuation of television surveillance on an operational 
basis. Considering only the project study area, the T.V. 
surveillance system receives the next priority for implemen
tation. (If, however, the entire freeway system is examined, 
it is most likely that extension of the ramp metering system 
to the other congested freeways in the area would appear as 
a more favorable alternative.) 
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Continuation of the television surveillance system on an 
operational basis would require replacement of the temporary 
video cable with leased telephone circuits. Continuation of 
the television system alone is estimated in Appendix Table 
C-10 to cost $81,590 per year. However, if recommendations 
1 to 4 are implemented, the combining use of facilities in
cluding operators and administration would reduce the annual 
cost to about $60,000. 

6) Expand hours of television surveillance to include weekends. 
Based on the present costs of operation, the television 
schedule could be expanded from a 5 day week to a 7 day week 
(14 hours per day) at an annual cost of about $5,000. As
suming that no peak periods occur on weekends, this would 
represent an increase of 28 off-peak hours to the present 
35 hours per week off peak schedule. It would also repre
sent a 56 directional hour increase over the present 100 
directional hour off-peak period schedule (of the 28 direc
tional hours per day, 8 are peak periods). It is noted in 
Appendix C that an estimated 13,370 vehicle hours are saved 
in the off-peak periods (and in the off-peak direction during 
the peak periods) by the television surveillance operation. 
Therefore, the minimum anticipated saving due to operation on 
the weekends would be: 

13,370 x 56/100 = 7,450 vehicle hours 

and the minimum anticipated cost/effectiveness ratio would 
therefore be 

$5000 = $0 67 per vehicle hour of travel time reduction 7450 . 

The actual saving is expected to be considerably greater 
than this since weekend traffic generated by social-recrea
tional trips, holiday trips and sports events will no doubt 
cause some periods of congestion, particularly during the 
summer months. 

7) Expansion of television surveillance to other facilities. 
Some caution is required in deciding whether or not to in-
s tall a television surveillance system on any other section 
of freeway, since a considerable degree of congestion must be 
evident to obtain a favorable cost/effectiveness relation-
ship. It is suggested that a thorough study be carried out 
in all areas under consideration for the purpose of estimating 
the effectiveness of television surveillance. Appendix Figure 
E-2 shows the estimated annual travel time saving as a func
tion of the observed number of incidents per mile per year for 
various categories of freeways, This figure was developed 
from the past year's research efforts on the John c. Lodge 
Freeway, however, cautious application to other facilities 
would not appear unreasonable. 
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CHAPTER V 

APPLICATION OF RESULTS 

This report has presented an operational evaluation and analysis of 
variations of two alternative concepts of freeway traffic control. The 
first was termed an "on-freeway" control system and consisted of a closed 
circuit television surveillance subsystem, overhead speed control signs, 
overhead lane control signals and "Don't Enter Ramp" signs and the second 
was an entrance ramp metering system. These control systems were evaluated 
from an operational point of view on the John C. Lodge Freeway. Hence, the 
results and conclusions may, almost certainly, be a function of the Lodge 
Freeway and its corridor as well as the traffic pattern in the corridor. 

Any of several figures of merit might be used by administrators to de
termine if an investment in traffic surveillance and control is warranted. 
Several figures of merit were used in the analysis in the report but the 
primary figure of merit which was selected for use in the cost/effective
ness analyses was total annual reduction in total travel time. Adminis
trators might select another effectiveness measure and this might alter 
some of the cost/effectiveness conclusions. Each freeway corridor has its 
own peculiarities and these help define the unique requirements for traffic 
control in the corridor. A traffic control system must be designed to meet 
the specific requirements of the traffic facility to be controlled. It is, 
therefore, difficult to make general conclusions on the success of a con
trol device at one location merely because it produced operational benefits 
at another. 

Even though a fairly unsophisticated control logic and a bare minimum 
detection system were used in the ramp metering system that was tested, 
the effectiveness of this system was quite high in terms of travel time 
reduction and the cost/effectiveness ratio was quite low (that is, there 
is a low cost per unit of effectiveness). The range of cost/effectiveness 
ratios was 16 to 38¢ per vehicle hour of travel time reduction. This 
agrees quite closely with previous experience with similar ramp metering 
systems in Houston (16,1.±) and Chicago (1:i,J:2) and strongly suggests that 
the concept of ramp metering is ready for operational application on other 
congested freeways. 

This does not mean, however, that the implementation of the ramp 
metering or merging control concepts will necessarily improve operation 
in all freeway corridors. The benefits of freeway ramp control are a 
function of 1) the severity of the operational problems on the freeway, 
2) the availability of suitable alternate routes for diverted freeway 
traffic, and 3) the availability of unused capacity on these alternate 
routes. Thus, when a freeway ramp control system is being considered, 
an operational analysis of the freeway corridor is required in order to 
design the control system and to estimate the probability of its success 
in providing operational benefits to the motorists in the corridor. 

The closed circuit television surveillance system can be quite useful 
in reducing the response time of official aid to accidents and incidents 
which block the roadway. If this reduced response time is translated 

87 



into an earlier removal of the lane blockage, substantial travel time re
ductions can be realized. The annual benefit of the television surveillance 
system is a function of 1) the frequency of accidents and incidents, 2) the 
attitudes of the motoring public regarding moving the vehicles involved in 
accidents prior to the arrival of police assistance, and 3) police operation 
including normal freeway patrolling policies. The cost of a closed circuit 
television system is a function of the camera spacing and mounting. Hence, 
the cost effectiveness of a closed circuit television system is critically 
a function of the location and design of the system as well as the charac
teristics of traffic and police operation on the freeway section involved. 
Based on present costs of installation, maintenance of the NPG television 
system, the cost/effectiveness was estimated at about $1.37 per vehicle 
hour of travel time savings. This number is not necessarily applicable on 
other freeways but does indicate generally the magnitude of the cost/effec
tiveness of such a system. 

Some general comments on the applicability of the results can be made. 
The operational studies conducted on the National Proving Ground Traffic 
Control System indicated that the speed control signals and lane control 
signals produced little, if any, reduction in travel time for the motorists 
on the Lodge Freeway. No attempt was made to analyze the effect of these 
devices on the safety to the Lodge Freeway motorists due to the long time 
periods normally required to establish statistical significance in accident 
rates. Also, a lower prevailing demand on the Freeway might have increased 
the effectiveness of the lane control signals in reducing travel time when 
a lane must be closed during off-peak periods. Nonetheless, the operational 
effects of these control devices under their present operation appears to be 
minimal. This would suggest that any plans for future installation of simi
lar devices on other freeways be given serious review to assure that dif
ferent traffic and geometric conditions would cause a greater operational 
effectiveness than was found in the Lodge Freeway studies or unless great 
safety benefits could reasonably be anticipated. The Lodge Freeway studies 
indicated that the cost/effectiveness of these devices is quite low; that 
is, a large expenditure must be made for a fairly low benefit (when the 
effectiveness is stated in terms of reduction in travel time). 

The problem of urban freeway congestion is quite severe in many loca
tions and, consequently, many freeways are under various stages of considera
tion for freeway control. The prospects are that many other facilities will 
soon receive similar consideration. The demand will be increasing for the 
specialized analyses that are required in a freeway control technology, few 
people have had the opportunity to participate in the development of free
way control systems. Consequently, at the present time there are few in
dividuals who are familar with the analysis techniques available and these 
men are concentrated in a very few locations (primarily at those agencies 
which are engaged in research on these control systems). 

The problem of disseminating the technology which is available at these 
locations must be faced by operating traffic agencies if the implementation 
of freeway control is to reach its full potential. Since first-hand ex
perience is the best teacher, a program of research apprenticeships or re
search traineeships is suggested. Under this type of program, representatives 
of appropriate traffic operating agencies would work for a period of time 
(perhaps six months to a year) with an agency currently engaged in freeway 
control activities. Thus, a learn-by-doing process would be established to 
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aid in the dissemination of freeway control technology which has been developed 
on several research projects throughout the last several years. In this way, 
the process of implementation of research results will be accelerated in an 
area in which the payoffs appear to be great. 
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CHAPTER VI 

FUTURE RESEARCH 

The purpose of NCHRP Project 20-3 is to determine the cost/effectiveness 
of various means of optimizing freeway corridor operations through traffic sur
veillance, communications and control. In this broad subject, there are many 
areas in which rtisearch is needed. The discussion of future research which is 
presented here is treated in general terms rather than orienting it specifically 
to NCHRP Project 20-3 or the Lodge Freeway corridor. This was done because the 
research can be divided and done at several locations. It would be desirable 
to coordinate all of the suggested research so that valid comparisons of the 
various alternate surveillance, control and communication systems can be made. 

The future research which is needed can be considered in the following 
two general categories: System Operation of Entrance Ramp Controls and Inte
gration of Freeway Operation and Corridor Operation. They are not entirely 
independent but do provide a reasonable means of organizing the discussions. 
Some ideas of how this research might be conducted are also presented. 

SYSTEM OPERATION OF ENTRANCE RAMP CONTROLS 

A considerable amount of research has been conducted in recent years to 
develop freeway entrance ramp control systems. This research has progressed 
rapidly and has quickly led to freeway control systems which can be placed 
on an operational basis. However, this does not mean that all questions are 
answered or that further research will not lead to further motorist benefits 
due to improvement in the operation of these control systems. 

Most of the past research has dealt with the development of criteria for 
the operation of single entrance ramps. Several entrance ramps on one freeway 
could be operated as a set of independent operational units but it would be 
more desirable to operate them as a system since the operation of one ramp 
affects the operation of the others. Some of the factors to be considered in 
the system operation of entrance ramp controls are discussed below. 

Mode Selection Criteria 

Several modes of entrance ramp control have been proposed and include 
1) the gap-acceptance mode (merging control mode), 2) the demand-capacity mode, 
3) the lane occupancy mode and 4) the preprogrammed mode (fixed time mode). 
The operation of freeway traffic under these and other modes should be compared 
under similar conditions on several freeways to determine the warrants for each 
of these modes. Several freeways with different geometric conditions should be 
used since the geometrics affect the mode choice. 

The evaluation of the choice of control modes should be made from a cost/ 
effectiveness point of view as well as from a purely operational point of view. 
Thus, operating traffic agencies can evaluate the various ramp control systems 
as investment alternatives. 

Ramp Queue Consideration 

In some cases when several entrance ramps are under a metering control, a 
queue of excessive length will develop at one or more ramps while there are short 

91 



queues at other ramps. It would be desirable to equalize or balance the queues 
on the ramps when this condition develops so that the maximum individual delay 
could be reduced. This would involve the detection of excessive queues and the 
adjustment of the control parameters in the entire metering system in order to 
achieve the balance of queues. 

Capacity-Reducing Incidents 

At the present time ramp control systems are not capable of taking into 
account incidents which reduce the capacity of a portion of the freeway. The 
control system should be able to detect the incident and adjust the control 
parameters in order to "optimize1

' the operation of the system under the new 
capacity conditions. A model for accomplishing this has been proposed (.JJ..,20) 
but, as yet, has not been applied in a real-time sense. 

The investigation of the best means of detecting the incidents and deter
mining their effect on the control parameters is implicit in the above state
ments. Candidates are closed circuit television and electronic detection as 
well as combinations of these. In addition to the adjustment of the ramp con
trol system to take into account the incident, it is also necessary to develop 
means for reducing the length of time during which the incident reduces the 
capacity of the freeway. Optimal freeway patrolling procedures, the require
ments for emergency patrol vehicles and other emergency aid procedures must be 
developed. 

Environmental Effects 

Environmental conditions (including weather conditions) are known to have 
an effect on traffic operation but little has been done to quantify this. The 
effect of environmental conditions on the control parameters of freeway control 
systems must be determined so that the control system can be operated in an 
"optimal" fashion when it is under the effect of adverse environmental conditions. 

INTEGRATION OF FREEWAY OPERATION AND CORRIDOR OPERATION 

Under most of the research on freeway control that has been conducted to 
date, the pr.imary emphasis has been on freeway operation and little consideration 
has been given to "optimizing" the operation of the entire freeway corridor. The 
loading of the freeway and the arterial streets in the corridor should be deter
mined for normal conditions, adverse environmental conditions and conditions un
der which an incident has reduced the capacity of part of the system. In consi
dering the integration of freeway and corridor operations, one can consider 
traffic control and driver information systems independently although in practice 
they would be operated together. 

Corridor Signal Control 

If the entire freeway corridor is to be operated in an "optimal" manner, 
the traffic signal system in the corridor must be operated so as to provide the 
highest possible level of service and/or capacity on the alternate routes to 
the freeway. At the present time there is a lack of adequate theories for the 
operation and description of traffic signal networks. Before field studies can 
be conducted to determine the effectiveness of various levels of sophistication 
of traffic signal control, the theories of operation must be improved. 
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First, it is necessary to develop a network optimization theory. It will 
be necessary to select a figure of merit for the operation of a network of 
streets. The effect on this figure of merit of the various traffic, opera
tional and geometric variables must be determined. When this is done, network 
control theories can be developed and various approaches to optimization of 
control of a network of signals can be formulated. The control algorithm can 
then be developed. 

There is also a need for good network description 
models might be analytical or of the simulation type. 
useful in testing alternate control strategies in the 
use of a computer) rather than in the field. 

theories or models. The 
These models would be 

office (probably with the 

If field studies are to be conducted to determine the effectiveness of 
various traffic signal control systems, improved means of analysis of the 
operation of street networks must be developed. It must provide adequate 
measures by which to evaluate street system operation but it must also meet 
cost constraints. Obtaining adequate measurements in a large street system 
for long periods of time is presently quite a expensive proposition. The 
need for an optimum system of sampling in a network, either with a detection 
system or by using other measurement techniques, is great. 

Corridor Information Systems 

Another means to improve traffic operation in a freeway corridor is to 
provide drivers with information on corridor trafffic conditions before they 
commit themselves to particular times and routes for their trips. Many types 
of display devices are available for the information systems and they include 
commercial radio, changeable message signs, roadside radio and information 
centers in large traffic generators. Traffic information might be obtained 
from electronic detectors, police patrols, closed circuit television and in
dividual motorists. Data processing might be accomplished on a central com
puter or by a human. 

Many levels of sophistication of driver information systems are possible. 
The most sophisticated system would provide each motorist with his best route 
and departure time in order to satisfy all of the driver desires and the system 
capacity constraints. Other systems might merely advise motorists in the 
corridor when the freeway capacity was reduced by an incident. 

Some of these systems should be designed and tested to determine the cost/ 
effectiveness ratios of each. In general, the driver information systems are 
designed to shift the demand to the capacity in the system while control mea
sures are intended to shift the capacity to meet the demand. The cost/effecti
veness of these two types of systems, as well as composite systems, should be 
investigated. 

Implementation of Research on Corridor Control and Information Systems 

The problem of obtaining sufficient measurements to evaluate the operation 
of a street system has been mentioned earlier. The installation of a measure
ment system in a freeway corridor will be quite expensive. This suggests that 
it would be desirable to install a measurement system in one or more freeway 
corridors and to test the various concepts of traffic control and information 
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systems at these locations. This centralization of test sites will assure 
that the control and information systems which are tested will be evaluated 
under similar conditions since they would be tested in the same corridor. 
The cost of instrumenting a few corridors would be less than the cost of 
installing a measurement system in several corridors and would allow more 
adequate instrumentation in the smaller number of corridors. This concept 
of one or more proving grounds for freeway corridor control and information 
system deserves serious consideration. 
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APPENDIX A 

EVALUATION OF THE OPERATIONAL EFFECTS 
OF AN "ON-FREEWAY" CONTROL SYSTEM 

by 

Joseph A. Wattleworth 

and 

Charles E. Wallace 





I 0 INTRODUCTION 

There are many concepts or approaches to real-time control of or 
communication to freeway traffico One of the pioneering efforts 
involving the application of real-time control and communication to 
freeway traffic was made on the John Co Lodge Freeway in Detroito In 
1962, a system of overhead lane control signs, overhead changeable 
speed signs, and ramp closure signs was installed on a 3o2 mile sec
tion of the Lodge Freeway between the Edsel Ford Freeway and the 
Davison Freewayo Appendix Figure A-1 shows an installation with both 
the lane control signals and a speed control sign. Trained observers 
who watch fourteen closed circuit television monitors operate the 
signs. 

This communication and control system was installed as part of 
a cooperative research project among four governmental agencies: the 
Michigan Department of State Highways, the City of Detroit Department 
of Streets and Traffic, Wayne County and the u.s. Bureau of Public 
Roads. The project later became the National Proving Ground for 
Freeway Surveillance• Control and Electronic Traffic Aids (National 
Proving Ground). 

This system represents both the "on-freeway" communications and 
control concept and the ramp control (demand alteration) concept. 
Neither of the two communication and control concepts had been 
adequately evaluated in the past. The ramp control system utilized 
congestion on the Freewayo At the time of its design and installation• 
the entire system represented the latest state of the art and this 
type of ramp closure was forerunner of the ramp metering concept 
which has found acceptance in some citieso 

National Cooperative Highway Research Program Project 20-3 was 
established for the 1967 year. One of the required objectives of 
this project was to fully evaluate the National Proving Ground (NPG) 
Traffic Control System as an operational systemo Specifically, the 
motorists' benefits of this Traffic Control System had to be deter
mined. This paper presents the results of that evaluation. 

The research reported here had three objectives~ 

1. to determine the motorists' responses to the NPG Traffic 
Control System (except the ramp closure signs) during the 
off-peak periods; 

2. to determine the effects of the NPG Traffic Control System 
(excluding the ramp closure signs) on traffic operation 
during peak periods; and 

3. to perform a system analysis of the NPG Traffic Control 
System. 

101 



410 

1-- -

,__ -
380 ===----------ii0 •379 

~ 
t- 350 
::J z 
:i 
in 320 

~ 
Q 
ffi 290 

~ 
UJ 
:::E 
3 260 

§Z 

230 

200 L---'---'-_J___JL--'----'---'-__JL ~-~-' 

~o :05 :10 :15 :20 :25 :30 :35 :40 :45 :50 55 
TIME 

a. TOTAL OUTPUT - NO CLOSURE 

~ 320 
en 
UJ 

~ z 
:i 290 

in 

' en 
~ 260 
<.) 

:c 
UJ 
> 
;;:; 230 
:::E 
3 
0 
> 200 .__....___.___...__J.___.___. 

'1:15 :20 :25 :30 :35 :40 :45 
TIME 

b. TOTAL OUTPUT- LANE CLOSURE 
CONVENTIONAL WARNING 

~ 320 
en 
UJ 
t-
::J z 
~ 290 

IO 

' en 
~ 260 
<.) 

:c 
UJ 
> 
;;:; 230 
:IE 
::J 
...J 
0 

------V0 •295 

> 200 L---'---'---l-L--..L--' 
1:15 :20 :25 :30 :35 :40 :45 

TIME 

c. TOTAL OUTPUT- LANE CLOSURE 
LANE CONTROL, RED "X" 

Figure A-1. Typical Installation of Lane Control Signals and 
Speed Control Signs. 

102 



IIo NATIONAL PROVING GROUND TRAFFIC 
CONTROL SYSTEM DESCRIPTION 

The NPG Traffic Control System is located in a 3o2 mile section 
of the John Co Lodge Freeway. known as the NPG TV Control Areae The 
Control Area is bounded by two major interchanges: 1) the Lodge-Edsel 
Ford Interchange on the south• and 2) the Lodge-Davison Interchange 
on the northo 

The entire system consists of a closed circuit television sub
system, a traffic signal subsystem• a confirmation display subsystem• 
vehicle detection subsystem• a digital computer• a cathode ray 
oscilloscope, two operators and a transmission cableo The relationship 
of these elements appears diagramatically in Appendix Figure A-2 (from 
~hu~e~o 

As is evident from the functional block diagram• this is a closed 
loop systemo The feedback information is received via the closed cir
cuit TV subsystem and 9 to a limited extent• via the vehicle detectors~ 
computer and a cathode ray oscilloscopeo The operator is an adaptive 
element• ioeoe he is subject to time delay 1 subjective decision making• 
and a certain amount of inconsistency (~o 

The motorist is also an adaptive element with the characteristics 
mentioned aboveo The motorist's time delay and inconsistency can be 
estimated by an average because of the large number of motorists 
involvedo The decision-making aspect 8 however• is subject to many 
influences other than traffic signals, such as emotional state, road 
conditions 1 driving experience 1 etco The significance of the previous 
statement is that the traffic signal must compete with many other 
stimuli for top priority (~o 

There are two forward loops in this systemo They are best under
stood by referring to the functional block diagramo The forward loop 
containing the traffic signals is the more significanto The loop 
containing Traffic Central (police dispatcher) is in effect only when 
there is an accident or other emergency• and at these times it affects 
operation by reducing the time of abnormal flow (~o 

The control elements of the Traffic Control System are as follows: 

lo overhead lane control signs; 
2e overhead variable speed control signs; and 
3o ramp closure signso 

Thesa are located in both directions in the TV Control Area as 
shown in Appendix Figure A-3 which is a schematic diagram of field 
locations of the entire Instrumentation System and Traffic Control 
System at the time NCHRP Project 20-3 began in early 19670 
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III. LODGE FREEWAY TRAFFIC ANALYSIS 

One of the first analyses that was performed by the staff of NCHRP 
Project 20-3 was an examination of the adequacy of the control and 
surveillance area of the National Proving Ground for the research 
objectives of the project 8 as well as for the primary control function 
of the NPG Traffic Control System. In attempting to determine the 
proper area of surveillance, the following criteria were used: 

lo the surveillance and control area on the Freeway must 
include all major bottlenecks; 

2~ the surveillance and control area must extend far enough 
upstream of all bottlenecks to include the entire queueing 
area; and, 

3e the surveillance area must extend a sufficient distance 
downstream of all bottlenecks that the traffic flow would 
have returned to normalo 

Satisfying these criteria assures that the entire area of influence 
of the NPG Traffic Control System on the Lodge Freeway is included in 
the analysis. With these criteria in mind, both the inbound (south
bound) freeway subsystem in the morning and the outbound (northbound) 
freeway subsystem in the afternoon were analyzed to determine the 
proper area of surveillance for each of these subsystems. 

ANALYSIS OF THE INBOUND FREEWAY SUBSYSTEM 

In the southbound direction in the morning peak period, the traffic 
operation in the existing surveillance and control area of the National 
Proving Ground was found to be extremely good& North of the NPG Con
trol Area, howeverj the traffic operation was very poor~ This was due 
to the influence of the major bottleneck at the Davison and Glendale 
interchangeso 

At the Davison Interchange, traffic enters the southbound Freeway 
on two entrance ramps, one from the right side and one from the left 
sideo Immediately downstream of this major interchange traffic enters 
the Freeway from the Glendale entrance ramp. Queueing from this area 
extended upstream to Seven Mile Road 5 a distance of approximately four 
and one half miles. 

For these reasons, the Freeway subsystem which was placed under 
analysis by the staff of NCHRP Project 20-3 in the morning on the 
inbound Freeway extends from Seven Mile Road to the interchange of the 
Ford Freeway, a distance of 7&6 miles. 
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A,NALYSIS OF THE OUTBOUND FREEWAY SUBSYSTEM 

There are two major bottleneck areas on the northbound John Lodge 
Freeway in the afternoon peak period. The first of these is in the 
present NPG Control Area and is located in the area of the Chicago and 
Webb entrance ramps. This bottleneck is caused by two conditions, the 
first of which is the reduction in the number of lanes from four to 
three at the Hamilton exit ramp. The second is the influence of traffic 
entering on the Chicago and Webb entrance ramps which enter downstream 
of the Hamilton exite The combination of the end of the auxiliary lane 
and the added traffic in the three-lane section (along with the other 
geometric features such as curvature and grade) produces this bottle
neck areae 

In addition, a similar situation exists in the vicinity of the 
Livernois and Linwood interchangeso An auxiliary lane is added at the 
Davison entrance ramp and it is terminated at the Linwood exit rampo 
After the reduction in the number of lanes, traffic is added at the 
Linwood entrance ramp and further downstream at the Livernois inter
change more traffic enters the Freeway than exits during part of the 
peak periode This combination of operational and geometric character
istics makes the Linwood and Livernois area on the Lodge Freeway 
another bottleneck location. 

Congestion develops independently at these two bottleneckse Late 
in the peak period, however, the queue on the Freeway at the downstream 
bottleneck (Linwood and Livernois area) is propagated into the Chicago
Webb bottleneck. At the height of the peak period, congestion normally 
extends from the Livernois Interchange upstream for a distance of 
approximately 6e5 miles to the Grand River overpasse 

For these reasons, the northbound Lodge Freeway between the 
Spruce pedestrian overpass (near Grand River) and the Meyers overpass 
was chosen for analysiso This is a distance of 803 miles and extends 
on both sides of the present 3e2 mile control area of the National 
Proving Groundo 

Figure A~4 shows the relationship between the NPG TV Control Area 
and the maximum areas of congestion described abovee Much of the peak 
period evaluation of the NPG Traffic Control System was concentrated 
in the northbound direction due to the installation of a computer
detector surveillance system in this direction; however, some signifi
cant research was conducted in the southbound direction as well 8 
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IV. MOTORISTS' RESPONSES TO THE NPG TRAFFIC CONTROL 
SYSTEM DURING OFF-PEAK PERIODS 

Two control studies were conducted during the off-peak periods in 
a test section from Glendale to Webb Avenue on the inbound Lodge Free
way shown in FigureA~5. The two studies were evaluations of drivers' 
responses to a) the lane control signs and b) the variable speed 
control signso No such controlled study of the ramp closure signs was 
made since adequate research had been performed previously by others (l) 
and continuing research by the Texas Transportation Institute on NCHRP 
Project 20-3 involves control of a similar nature, ramn meterine which 
is evaluated in detail ir Appendix B and Reference 3. Advantage was taken, 
however, of one situation which develop1;;u anu ;."'1.iul..:eu 1.u1o1 use ot the 
ramp closure signse The results of studies during this incident are 
reported hereine 

Any beneficial effects of the traffic control signs depends upon 
three factors, namely: 

le the sign conveys the proper message; 
2e the motorists comprehend the message; and, 
3o the motorists choose to respond to the message 

in the proper fashion. 

The following two sections relate the study techniques, findings, 
and conclusions of the off-peak control sign studies and a summary of 
the results of previous research. 

OVERHEAD LANE CONTROL SIGN STUDY 

This type of control is used to inform the Freeway motorists 
whether the lanes ahead are open or closede A green arrow over a lane 
means that lane is clear, while a red ~xw indication means the lane is 
blocked aheade The intent is, of course, to give the motorists advance 
warning so they can move out of the blocked lane as soon as they can 
safely do so. 

Past Research 

Previous research on the effectiveness of the signs has been docu
mented by Clinton (,i) (summarized by Gervais (1,)) and Forbes (.2). 
These studies revealed the effectiveness of the signals during periods 
of light to moderate demand. As a result of the first study at two 
locations, 1) Gladstone in the southbound direction and 2) Webb in the 
northbound direction- the following conclusions on the effectiveness of 
the lane controls were made in a previous report (.a) and are stated 
below: 

1. Lane changing is initiated further in advance of the obstruc
tion; 
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2. Traffic volumes past the obstruction increase significantly 
if demand is high; 

3. When traffic demand is moderate, speed past the incident remains 
near optimum, while stoppages are minimized or eliminated; and, 

4. The number of vehicles trapped behind the obstruction, for a 
given time period, is reduced. 

The staff of NCHRP Project 20-3 felt that these conclusions were 
applicable in the case of light demand but that the case of heavy flow 
during off-peak periods needed further investigation. This attitude 
was due partially to the lack of statistical support for the second 
conclusion noted above. Also, during the normal daylight hours on the 
Lodge Freeway, light demand is exceedingly rare and this fact added 
emphasis to the need for further investigation of the heavier demand 
situations. 

Project 20-3 Research 

In order to study the effectiveness of the lane control signals, 
the median lane (lane one) was closed for normal maintenance operations 
at the same location on two successive days using two advance warning 
schemes, one of which included the overhead lane control signals. The 
study periods (l:00-1:45 p.m.) were influenced by operational policies 
on freeway lane closures of the local agencies. The studies were 
conducted during the early afternoon because traffic flow was lightest 
during this daytime off-peak period in the study section. 

On one day the lane was closed normally, using advance warning 
signs "This Lane Closed 1 Mile Ahead" at one mile upstream, and "Left 
Lane Closed" placed about 500 feet upstream, and a large flasher board 
mounted on the back of a truck protecting the maintenance crew. The 
flasher board was positioned at the crest of a vertical curve at 
station 18 of the test section, where it was visible to motorists from 
a point at about station 9e (Station locations are shown in Figure A-5). 

On the following day the lane closure was imposed at the same 
location with the flasher located slightly further downstream (station 
20)e At this position the flasher was on a downgrade, thereby making 
it less visible to the approaching motorists. A red 'X' over lane 
one at station 15 replaced the "Left Lane Closed" sign and was visible 
to motorists at station 7. In this manner the motorists were presented 
nearly the same conditions ahead in the two cases but with different 
advance warnings providede 

Although traffic volume was lower (4200 vph) during the time 
period studied than during the peak period in that direction, congestion 
developed immediately when the lane closure was invoked because traffic 
demand exceeded the capacity of the remaining open lanes. 
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Data were collected on a third day during the same period under 
normal conditions (no lane closure) to establish a base for travel time 
and delay studiesa The experiment consisted of three days under three 
conditionsJ namelyg 

1, normal operationi 
2. lane closure = conventional advance warning procedure~ and 
3. lane closure - overhead signals operating. 

The two latter conditions could be directly compared 9 using several 
measures of effectivenesse The study techniques for obtaining the 
various measures were as follows~ 

ao Input=Output Study (2,9 .§) - This technique was used to deter
mine 1) output volume, 2) total travel 9 3) total travel time, 4) delay, 
5) average speed and 6) kinetic energy through the study areao It should 
be noted that the total travel time and delay was not complete since it 
did not include that time spent in the queue upstream of the study sec
tion input point at Glendalee The length of the queue 9 however~ was 
observed to be approximately the same in both control situationso 

Appendix Figures A-6b and A-6c show the total output (ieeo~ Elmhurst 
off ramp and the Freeway at Webb) from the system for a half hour of con
trol e while Appendix Figure A-6a shows corresponding data during normal 
operation. By restricting the analysis to the final half-hour of the 
45-minute lane closure period, the traffic conditions were allowed to 
stabilize (in a state of congestion) before any comparative analysis was 
made. Based on statistical tests, using the ~tw statistic and a 95% 
significance level~ it could~ be concluded that the operation of the 
lane control signals increased the flow past the lane closure under the 
volume conditions studied. It should be noted that the sample sizes 
used in this analysis are quite smallo 

Other results of the input-output studies are presented in Appendix 
Table A-1 and show only slight improvement in operational characteristics 
when the overhead lane control signal was used in place of the conven
tional advanced warningo The total travel time was 4ol7 veh-hr lower and 
total travel was 31078 veh-mi higher• which means flow was smoother and 
somewhat faster (lo4 mph) during the overhead lane control. The total 
kinetic energy of the traffic stream was 1699 veh-mi/hr higher when 
the overhead lane signals were usedo This increase in kinetic energy 
means (assuming the total kinetic energy during normal operation nearly 
equal to the total energy of the system during this time period) a reduc~ 
tion of internal energy or stream turbulence (2). These differences in 
operational characteristics are small and are of the same order of 
magnitude as the possible errors in the input-output technique" 

bo Lane Change Study - The study section was divided into four 
subsections (stations 0~9t 9-13~ 13=17~ and 17 to the lane closure) 
and counts of lane changes were made in each subsectiono Figure A-7 
shows the subsections@ the location of the lane closure~ and the average 
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APPENDIX TABLE A-l 

!INPUT-OUTPUT STUDY - OVERHEAD LANE CONTROL STUDY 
STUDY PERIOD - l:l5-l:45 PoM. 

Total Travel Total 
Control Date Time Travel Delay Av. Speed 

Condition TTT(veh-hr) TT(veh-mi) D(veh-hr) u (mph) 

I 
Normal, n 4/7 /67 20.55 ll62.67 --- 56.6 

Conventional, c 4/ll/67 67.59 904.52 47.04* l3.4 

Red 'X', x 4/l2/67 63.42 936.30 42.87** l4.8 

* Delay = TTTc - TTTn 

** Delay = TTTx - TTTn 

Kinetic 
Energy 

KE 
(veh-mi/hr2) 

65' 782 

l2,l2l 

l3,820 



volumes during the two lane closureso Figure A-8 presents the effect of 
the overhead lane control signals on lane changes from the closed lane 
upstream of the closureo It indicates that, when the overhead lane 
controls were used, the vehicles moved from lane one (the closed lane) 
farther in advance of station 18* than when a conventional advanced 
warning was used. This finding substantiates earlier work on evalua
tion of these signals (1). 

OVERHEAD VARIABLE SPEED CONTROL SIGNS 

The subsystem of overhead variable speed control signs has two 
primary purposes: 1) to warn motorists on the Freeway of a shock wave 
ahead so that they can begin to decelerate before actually reaching 
the congested areas and 2) to indicate to motorists leaving a congested 
area to increase their speed to help disperse the congestiono One of 
three speeds (25, 40 or 55 mph) can be displayed on the matrix-type 
signs. The television surveillance and, to a very limited extent, 
the oscilloscope display provide the information required for the 
operators to select the proper speed setting for each of the speed 
control signs. 

The benefits of the speed control signs are quite subtle and 
difficult to measure. For this reason, the bulk of the research to 
determine the motorists' benefits will come from the more comprehensive 
peak period study which is described latero The purpose of this study 
was to detect motorists' responses to the speed control signs during 
off-peak period conditionso 

The conceptual design of the off-peak study involved six opera
tional conditions (three control situations and two environmental 
conditions) and is shown in Appendix Table A-2. 

APPENDIX TABLE A-2 

CONCEPTUAL DESIGN, OVERHEAD SPEED CONTROL SIGN STUDY 

Control Condition 
i=l j=2 

Speed Sign Locations Glendale i•l 55 55 

and Monterey i=2 55 40 

Speed Indication Webb i=3 55 40 

Environmental Condition k=l No Distraction 1 hr. 1 hr. 1 

Environmental Condition k=2 Roadside Distraction 1 hr. 1 hr. 1 

*A fixed reference point was used since the effect of the overhead 
signals is being tested and they are in a fixed location. 
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These six conditions were imposed on six dayso The roadside 
distraction was a Wayne County Road Cornission rubbish truck per
forming regular duties during the hours of studyo The same control 
section that was used for the lane control study was used in this 
study, The speed signs are located at Glendale, Monterey, and Webb 
as shown in Appendix Table A-5e 

A spot-speed study was used to obtain accurate speed data at 
selected points in the control sectiono The locations selected for 
the spot-speed studies were Glendale, Monterey, and Webbo Vehicles 
were timed through speed traps and the data were recorded in five
minute groups and at least one speed sample was obtained from each 
lane for each minute. The sample sizes used in the analyses ranged 
from 90 to 373. The spot-speed samples were used for five purposes, 
namely: 

(.!Q). 

1. t9 compare observed speed with posted speed at each location; 

2. to compare observed speeds at each location under different 
speed control conditions; 

3. to compare observed speeds at different locations for each 
speed control condition; 

4. to compare observed speeds at each location under the two 
conditions of distraction; and, 

5. to combine observed speeds with volume data to determine 
changes in the speed-flow characteristics. 

All tests of hypotheses to follow were based on the 't' statistic 

Comparison of Observed Speeds with Posted Speeds 

The time mean speeds (TMS) for one hour were tested statistically 
to determine if the drivers considered the speed signs either as a 
speed limit or a guide by comparing the observed speeds with the 
posted speeds. The TMS was significantly different from tho '"'""'t°f'd 
speed in all but one case (U/1) and Appendi~A-1 presents the time 
mean speed and the statistical acceptance region for each condition. 
It can be seen that the observed speeds correspond closely to the 
posted speeds only at Glendale when a 55 mph posted speed is quite 
close to the desired speed of traffic at Glendale. At the lower 
posted speeds (25 and 40 mph), the observed speeds were quite differ
ent from the posted speeds (from 4.5 to 18.9 mph with no distraction 
and from 3.9 to 19o9 mph with the roadside distraction). 
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Comparison of Observed Speeds at Each 
Location Under Different Speed Controls 

The most significant comparison is the comparison of TMS at each 
location and condition for different speed sign settings. The average 
speed corresponding to the higher speed sign indication is 'UH and with 
the lower speed indication is UL• TableA-3shows the results of these 
comparisons. The values shown in the table under the heading 
"Difference" represents 'UH - U'1. The null hypothesis was that the TMS 
during the higher posted speed was less than or equal to the corres
ponding TMS during the lower posted speed. An asterisk indicates that 
the hypothesis was rejected. Because of the large sample sizes, some 
small speed differences were found to be significant. The speed 
differences corresponding to a 15 mph decrease in posted speed ranged 
from -4.5 mph to 5.6 mph - not nearly equal to the 15 mph posted speed 
reduction. At Monterey the reduction in posted speeds from 55 mph to 
25 mph had a corresponding decrease in observed speeds of 7.7 mph with 
no distraction and this was the largest speed decrease. 

APPENDIX TABLE A-3 

COMPARISONS OF DIFFERENCES IN TIME MEAN SPEEDS 
BETWEEN SIGN INDICATIONS AT EACH LOCATION 

Environmental 
Posted 

Difference 
Posted 

Difference 
Location Speeds Speeds 

Condition 
SH SL 

UH-U1(mph) 
SH SL 

(mph) 

No Glendale 55 55 0.4 55 40 -2.l 
Distraction Monterey 55 40 2.1* 40 25 5.6* 

Webb 55 40 o.7 40 25 0.6 

With Glendale 55 55 4.8 55 40 -4.5 
Distraction Monterey 55 40 o.o 40 25 2.5* 

Webb 55 40 0.2 40 25 1.3* 

* Hypothesis rejected - H:lYH~UL (a = 0.05) 

Comparison of Speed Profiles Under Different Control Conditions 

The speed profiles under the three different speed control condi
tions are shown in Appendix Figures A•9 (no roadside: distraction and A-10 
(with roadside distraction). In Figure 9 the speed profiles are quite 
similar under the three speed controls~ At Monterey and Webb the 
speed profile for the 25 mph posted speed is the lowest and the speed 
profile corresponding to the 55 mph posted speed is the highest 0 

There is little difference between the profiles, however. 
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The same pattern exists at Monterey and Webb when a roadside distrac
tion was present at Monterey (Figure A-lO)oAgain, there is little difference 
between the profiles. It is interesting to note that none of the mean 
observed speeds was below 40 mph even when a 25 mph speed was posted. 

Effect of Roadside Distraction on Speed Profiles 

For the three cases in which no roadside distraction was present, 
stream speeds generally decreased at about the same rate between 
Glendale and Webb as seen in Figure A~9e But when a flasher board on 
a rubbish truck was placed in view on the shoulder downstream and 
downgrade from Monterey, traffic speeds decreased from Glendale to 
Monterey and then increased from Monterey to Webb as seen in Figure A-10. 
This suggested that when the motorists could evaluate the source of 
distraction and realize it offered no hazard, they disregarded the 
information on the signs and began to resume normal speed. When the 
roadside distraction was present at Monterey, the average speeds were 
about 3 mph lower than without the distraction. 

Effect of Speed Controls on Flow and Density 

Another point of interest using data from the spot-speed study is 
the effect of the speed control signs on flow. It had been contended 
by some* 1) that by reducing the speed indication on the overhead 
speed control signs, flow toward a congested area could be decreased 
and 2) that by increasing posted speeds downstream, motorists were 
encouraged to depart from the congestion faster, thereby increasing 
flow out of the area. TableA-4presents the hourly space mean speeds 
and corresponding flow rates for the six situations at the Webb 
location, which might be considered representative of a location 
upstream of a congested area which is out of view of the motorist. 

APPENDIX TABLE A-4 

SPEED AND FLOW COMPARISONS AT WEBB 

S P E E D I N D I C A T I 0 N 
Without Distraction With Distraction 
55 40 25 55 40 25 

SMS, hourly average 44.3* 43.5* 43.l* 45.9** 44.8*~ 44.2** 

Av. Volume Veh/5 min. 373 373 366 382 375 377 

Density = Volume/SMS 84.5 85.5 85.0 84.0 82.0 85.0 
* No statistically significant differences in speeds with no distraction. 
**Only one speed difference is statistically significant. The differ

ences of 1.7 mph between the 55 mph speed indication and the 25 mph 
indication is significant. 

* The source of this information is Appendix A3 of Reference 1. 
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As seen there was little decrease in stream speeds 
this location when lower posted speeds were displayed. 
remained nearly constant as well, indicating the speed 
substantially influence these characteristics. 

DISCUSSION OF RESULTS OF OFF-PEAK STUDIES 

or volume at 
The density 
signs did not 

The studies which were conducted with the overhead lane control 
signals indicated that motorists leave a closed lane farther upstream 
of the closure when the overhead lane control signals were usedo This 
did not lead to any particular motorists' benefits in terms of reduc= 
tion in travel time and delay during this study because of the 
queueing which was present upstream of the lane closureo The operation 
of the lane control signals did not increase the output rate past the 
lane closure under the queueing situation which prevailed during the 
studiese 

Earlier studies (1,) have demonstrated similar results under lower 
volume conditions and indicated that a much smoother operation pre
vailed at the lane closure and fewer vehicles became "trapped" upstream 
of the lane closure when the overhead lane control signals were used0 
Thus, lower delay and greater safety would be associated with the 
operation of the overhead lane control signals during low volume 
conditions., 

The critical condition which must be met for the overhead lane 
control signals to produce tangible benefits (in terms of reduced 
travel time) for the motorists is that the volume on the Freeway must 
be less than the capacity which would remain with the lane or lanes 
closed., The present hours of operation of the overhead lane signals 
on the Lodge Freeway are 6 a.,m. to 8 p.m., on week-days and, during these 
hours, the volume is rarely below the capacity of the Freeway with one 
lane closed. This would suggest that during the present hours of 
operation, the motorists! benefits of the lane control signals are 
small and that some potential benefits during other hours of operation 
are not being realized., The operation of the lane control signals at 
night may produce a sizable improvement in safety due to the high 
closure rates and the reduced attentiveness and visual acuity of 
drivers at night. 

The changeable speed signs were able to reduce slightly the speeds 
of the traffic stream when the posted speed was reduced by a large 
amount., The reduction in stream speeds was not nearly equal to the 
amount of the posted speed reduction. During the off-peak periodsj 
very little motorist benefits of the operation of these signs was 
determinede The value of these signs as an advanced warning of slower 
speed ahead is open to conjectureo The signs may produce a safety 
benefit if the advance warning intent is realized by the motoristso 
Human factors techniques would be required to evaluate the amount of 
advanced warning provided by the speed control signso 
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V. RAMP CLOSURE SIGNS 

The ramp closure signs (illuminated "Don't Enter" sign with the 
painted word "Ramp") are used during unusually critical freeway 
conditions when it is preferable to deny access to the Freeway. These 
are located on all approaches to all entrance ramps in the NPG TV 
Control Area. Appendix Figure A-11 shows an installation of a "Don't 
Enter Ramp" signs 

No controlled studies had been planned to evaluate these signse 
On June 13, 1967, howeverf a situation necessitated their use (their 
normal use was quite infrequent). This was an extremely hot day and 
a large pavement eruption occurred just north of the Davison Inter
change on the northbound Lodge. Lanes 2 and 3 were closed by 
maintenance crews from 4:00 to 5:01 p~m.j leaving only the median lane 
and the auxiliary (right) lane open for traffics Since this was 
during the afternoon peak period, very heavy congestion developed and 
extended upstream in all lanes for a distance of more than eight milese 

The "Donijt Enter Ramp" signs in the northbound direction were 
activated at the following entrance ramps~ 

1. West Grand Boulevard; 
2e Seward Avenue; 
3o Chicago Boulevard; and 
4. Webb Avenue. 

Since the electronic detectors were in operation on the ramps 9 

data were collected throughout the incident. Appendix Table A-5 
presents the one hour ramp volumes (4i00-5:00 pem.) obtained during 
the ramp closure~ as well as the average ramp volumes during the same 
time period .• 

APPENDIX TABLE A-5 

COMPARISON OF RAMP VOLUMES DURING NORMAL CONDITIONS 
AND ONE HOUR OF "RAMP CLOSURE" 

!Average Normal Volume Observed Volume % Reduction 
Location 4~00= 4~30- 4~00-; 4:00- 4:30- 4:00- 4:00-

4g30 5:00 5:00 4:30 5:00 5:00 5:00 

We Grand Blvd. 547 616 1163 413 433 846 22.,2 
Seward Avenue 197 234 431 124 227 351 18.6 
Chicago Blvd. 188 221 409 117 180 297 27 e4 
Webb Avenue 80 102 182 76 101 177 2.7 

: 

TOTAL 1012 1173 2185 730 941 1671 23.5 
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Figure A-11. Field Installations of Ramp Closure Signs. 
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The intention of ramp closure is that the ramp will be used by no 
vehicles. These signs are not completely positive, however, because 
they do not physically close the ramp. By reducing the input to the 
Freeway, they did, in a broad sense, function in a manner similar to 
ramp metering3 The compliance (of about 23.5%) was concentrated at the 
three southern ramps where excellent alternate routes are availablee 
The reduction of volume at Webb, on the other hand, was so slight it 
may well have been normal variation, and the small magnitude of the 
reduction may well have been caused by the lack of an easily accessible 
alternate route at this location. 

The results suggest that use of the ramp closure signs during 
periods of congestion - either normal congestion caused by maintenance 
activities or accidents - will normally be able to improve freeway 
corridor operation by redistributing some demand to noncongested por
tions of the system. It also suggests that the operation of a ramp 
metering system during the same conditions could produce essentially 
the same results. 
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VI~ EFFECT OF THE ON-FREEWAY CONTROL SYSTEM 
ON PEAK~PERIOD TRAFFIC OPERATION 

The nature of traffic movement in urban areas is such that the 
worst problems normally develop during the two peak periods and during 
these times congestion frequently occurs on a regular basis. Because 
the quality of traffic flow is lowest during the peak periods~ the 
primary benefits of a traffic control system would logically be made 
during these peak periods. The National Proving Ground Control System 
is no exception. It was designed and installed primarily to aid 
traffic on the Lodge Freeway during the peak periods, This section 
of the report presents several studies which were designed and con
ducted to evaluate the effectiveness of the NPG Traffic Control System 
in the improvement of traffic flow on the Lodge Freeway, In this 
evaluation 5 primary emphasis was placed on the "on-freeway" portion of 
the control system© i.ee 9 the speed control signs and the lane control 
signals,, 

STUDY PROCEDURES 

Studies were conducted during both peak periods in order to evalu
ate as completely as possible the benefits of the NPG Traffic Control 
System. The NPG Traffic Control System was operated on alternate two 
week periods from April to Septemberi 1967, The 11 two week on-two week 
off" operation allowed a comparison of traffic operation on the Lodge 
Freeway with and without benefit of this control system~ 

In the southbound direction the volumes at Monterey and the travel 
time on the inbound Freeway were used to measure the performance of the 
control system, The volumes at Monterey are important since Monterey 
is just downstream of the last major bottleneck (Davison~Glendale area) 
and the volumes there reflect the ability of the on-freeway control 
system to increase the output at a bottleneck~ which has been suggested 
as one of the features of the NPG Traffic Control System. It is 
necessary for a peak-period freeway control system either to increase 
the flow rate at bottlenecks or to alter the demand of the freeway. 
Since the NPG Traffic Control System does not alter the demand on the 
Freeway (except for rare uses of the ramp closure signs)• it must 
increase the flow rates at the bottlenecks to reduce delay to the motor
ists on the Freewayo 

The travel times over the 9,8 mile distance from Seven Mile to 
Grand River are used to evaluate the effect of the NPG Traffic Control 
System on individual motorists during the m0rning peak period. Travel times 
were obtained from Grand River to Meyers to evaluate the operational 
effects in the afternoon peak period. 

In the afternoon peak period, input-output studies (2_,~_) were 
conducted on the 8.3 mile section of the Lodge Freeway between Grand 
River and Meyers, From Holden to Meyers an electronic detector-computer 
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system* was used to perform the input-output studies from 2:30 to 
6:30 p.m. In the section from Grand River to Holden, manual input
output studies were conducted from 3:00 to 6:30 p.m. The input-output 
studies provided several important measures of effectiveness of the 
operation of the northbound Lodge Freewayo 

PRESENTATION OF RESULTS - SOUTHBOUND FREEWAY 

Freeway Volumes at Monterey 

In the morning peak period the critical bottleneck in the south
bound direction is in the Davison-Glendale area and is due to the high 
merging volumes. Queueing from this bottleneck extends upstream to 
Seven Mile Road, a distance of about four and a half miles. An over
head speed control sign is located at Glendale - at the extreme down
stream end of the queueing - and another is located at Monterey which 
is just downstream of the queueing area (see Appendix Figure A-2). 

If the NPG Traffic Control System is successful in reducing travel 
time for motorists on the southbound Lodge, it must increase the volumes 
out of the queueing area. The Freeway volumes at Monterey are a measure 
of the volumes leaving the bottleneck area. 

Appendix Figure A-12 is a graph of the average cumulative volumes 
at Monterey from 6:30 to 9~30 a.m. both with the on-freeway control 
system in operation (n = 25 days) and with it not in operation ( n = 
19 days). Appendix Table A-6 presents the individual volumes for each 
fifteen-minute period and the results of the statistical tests. Based 
on one sided Gtw tests, none of the differences in the fifteen-minute 
volumes was significant at the 95% level of significance. Therefore, 
it is not possible to conclude that the operation of the NPG Traffic 
Control System increased the volumes through the critical bottleneck 
area. This is primarily a reflection of the overhead speed signs since 
the lane control signals were little used during the peak-period 
studies. 

TRAVEL TIMES 

Appendix Table A-7 contains a summary of the travel time data for 
vehicles traveling the 9a8 miles from Seven Mile Road to Grand River. 
The data were obtained from the moving vehicle studies. In four of 
the six half-hour periods, the average travel time with the NPG Control 
System on was higher than the average travel time with the system off 
and all of the differences are small. For the remaining two periods, 
the average travel times with the NPG Control System on were lower and 
the differences were relatively large (3.1 and 4.1 minutes). The 
average difference in travel time was 0.8 minutes for the 9.8 mile trip. 
None of the differences were statistically significant and the sample 
sizes are small. 

* Additional information on this electronic surveillance system can be 
found in Reference 3. 
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Time 
Ending 

6:45 
7:00 
7:15 
7:30 
7:45 
8:00 
8:l5 
8:30 
8:45 
9:00 
9:15 
9:30 

TOTAL 

APPENDIX TABLE A-6 

COMPARISON OF VOLUMES AT MONTEREY, SB LODGE FREEWAY 
TIME PERIOD 6:30 ~ 9:30 A.M. 

l5 Minute Volumes and Standard Deviations I 

Signals ON Signals OFF Difference 
n=25 days n,=l9 days X-Y 

x Sx y Sy 

l335 6l.2 1347. 40.67 -12* 
1363 113.l 1379. 101.0 -16* 
1361 139.0 1397. 139.9 -36* 
1352 147.0 1339. 175.3 13* 
1341 180.2 1324. 174.4 17* 
1299 188.7 1273. 152.3 26* 
1283 202.3 1267. 222.7 16* 
1278 186.4 1258. 235,7 20* 
1258 190.0 1252. 274.9 6* 
1254 23702 1229. 292.1 25* 
1221 220.6 1196. 258.0 25* 
il95 197.5 1209. 304.2 -14* 

1554o 624.9 15470. 735 .3 79* 

* Cannot reject the hypothesis H:V0 n ~ Voff at 95% level of significance 

Cumulative 
Difference 

-12 
-28 
-64 
-51 
-34 
- 8 
+ 8 
+28 
+34 
+59 
+84 
+70 



NPG 
Time Period x 

min. 

6:30-7:00 16.1 
7:00-7:30 19.7 
7:30-8:00 24.1 
8i00-8:30 26.0 
8:30-9:00 17.4 
9:00-9:30 12.3 

APPENDIX TABLE A-7 

SOUTHBOUND TRAVEL TIME DATA 
SEVEN MILE TO GRAND RIVER 

Controls On NPG Controls 

Sx nx y Sy 

~ 
4.8 4 15.7 4.3 
3.2 4 23.8 4.9 
1.6 3 24.0 9.9 
2.9 3 24.8 5.4 
3.0 5 20.5 5.8 
1.4 4 11.5 

Off 

n~ 

9 
5 
3 
3 
8 
1 

AVERAGE DIFFERENCE 

Difference 
--X-Y 

0.4 min. 
-4.1 
0.1 
1.2 

-3.1 
0.8 

0.8 min. 

Note: None of the differences is statistically significant. 

Assuming the average travel time savings of 0.8 minutes/9.8 mile 
trip to be accurate, it is possible, with some other reasonable assump
tions, to estimate the net travel time savings due to the use of the 
NPG Traffic Control System during a typical morning peak period. The 
average volume at Monterey during the three-hour peak period was about 
15,500 vehicles (Appendix Table A-6)0 Assuming the average three-hour 
volume over the entire 9.8 mile section is 15,500 vehicles~ the average 
travel in the section is 9.8 x 15,500 vehicle miles. The average travel 
time savings is (0.8/9.8) minutes/vehicle mile. Thus, on this basis, 
the average total travel time savings each morning peak period is about 
200 vehicle hours. 

Summary 

The two studies which were conducted in the morning peak period 
provided a range of possible motorists' benefits due to the operation 
of the NPG Traffic Control System. Based on the study of the volumes 
at Monterey, the operation of the NPG Control System had no effect on 
the traffic stream. Based on the moving vehicle studies (and accepting 
differences which are not statistically significant) the savings in 
total travel time is 200 vehicle hours during a morning peak period 
when the NPG Traffic Control System is used. Thus, the actual savings 
in travel time is probably between 0 and 200 vehicle hours. 
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PRESENTATION OF RESULTS - NORTHBOUND FREEWAY 

Input-Output Studies 

The input-output studies (3, 7, 8) were conducted daily on the 
northbound Lodge Freeway between Grand River (Spruce) and Meyers (8.3 
miles) from 2:30 to 6:30 pem. (see Appendix Figure A-4). These studies 
produced a great deal of valuable data on the operation of the entire 
8.3 mile length of Freeway during the afternoon peak periods. The 
samples include 12 days with the NPG Control System in operation and 
15 days without it in operation. The following sections contain the 
measures of effectiveness which were obtained from these studies. 

le Total Input - the total input to the Freeway (sum of all 
entrance ramp volumes and the volume on the Freeway at Grand River) 
represents the volume processed in the section being considered and 
also represents a measure of demand on the Freeway. Appendix Figure 
A-13 presents the cumulative input volume and Appendix Table A-8 pre
sents the half-hour input volumes. None of the differences in input 
volumes was statistically significant but the total input was about 
1000 vehicles less on the days in which the NPG Traffic Control Sys
tem was in operation~ 

Time 

2:30-3~ooa 

3:00-3:30 
3g30-4:00 
4:00-4:30 
4:30-5:00 
5:00-5:30 
5:30-6:00 
6:00-6:30 

APPENDIX TABLE A-8 

COMPARISON OF TOTAL INPUTS TO THE SYSTEM 
FROM SPRUCE TO MEYERS 

TIME PERIOD 2:30-6~30 P.M. 

30 Minute Volumes and Standard Deviations 
Signals ON Signals OFF 

n x Sx n y Sy 

2 4527 41.,7 3 4317 295.9 
3 5547 20L8 6 5737 170.9 

12 5851 875.4 13 5778 153,.2 
12 5327 501.,9 15 5604 196~1 

12 5624 317 .. 0 15 6024 205.1 
12 5570 204.5 15 5790 166.,2 
12 5082 255.9 15 5044 206.2 
12 4587 176.7 14 4823 154.9 

a Includes Holden to Meyers only. 
* None of the differences was statistically significant. 

Difference 

210* 
-190* 

73* 
-277* 
-400* 
-220* 

38* 
-236* 

2& Total Travel (TT) - The total travel in terms of vehicle miles 
is also a measure of the performance of a traffic system and to a cer
tain extent reflects the demand on the system and the efficiency of the 
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system. Appendix Figure A-i4 presents the total travel on the north
bound Lodge Freeway during the afternoon peak period under two control 
conditions - with and without the NPG Traffic Control System in 
operatione The total travel was slightly less during the times in 
which NPG Control System was in operation. 

3. Storage in the Freeway - The number of vehicles on the Freeway 
can easily be converted to density by dividing by the length of the 
section. Thus, the number of vehicles on the Freeway as a function of 
time is a means of describing the development, dissipation and severity 
of congestion. 

Appendix Figure A-15 shows the number of vehicles on the north
bound Lodge Freeway under the two control conditions. Before 3:30 and 
after 5:30 p.m. the number of vehicles on the Freeway is approximately 
the same under both control conditions. From 3:30 to 5:30 p.m., however, 
the data indicated that fewer vehicles were on the Freeway when the NPG 
Traffic Control System was not operating. 

4. Total Travel Time (TTT) - The total travel time of all vehicles 
on the Freeway can easily be determined from the storage-time function 
(14)e The bar charts in Appendix Figure A-15 show the total travel time 
on the northbound Lodge Freeway for each half-hour period. In the bar 
chart on the left each half-hour is the total travel time without con
trolj and the right bar chart is the total travel time on the days with 
the NPG Traffic Control System in operation~ For most of the time 
periods the total travel time was slightly lower with no control. 

5. Delay - The delay on the Freeway was also obtained from the 
input-output studies. It was assumed that delay was incurred by the 
traffic stream when the average speed was less than 40 mphe Thus, the 
delay of the traffic stream in a time period equals the total travel 
time minus the total travel time if the average stream speed had been 
40 mph, if this is greater than zero. Stated mathematically: 

D = TTT - TT/40 or O, whichever is greater 
where D is the delay in a time period~ 

TTT is the total travel time in the period 
and TT is the total travel in the period. 

The delay during each half-hour period is also shown on Appendix 
Figure A-15. The delay is a portion of the total travel time and is 
shown as a bar chart which is part of the TTT bar chart. In each half
hour period, the left delay bar chart is the delay with the NPG Control 
System in operation and the right delay bar chart represents the delay 
with no control. 

6. Average Speed ~ If the total travel (TT) and the total travel 
time (TTT) in any time period is known for a traffic system, the average 
speed in the system in the same time period U = TT/TTT (8)* Appendix 
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Figure A-16 shows the average speed on the northbound Lodge Freeway 
from Grand River (Spruce) to Meyerso During most of the afternoon 
peak period, the average speed was higher with no controls in effect. 

7. Kinetic Energy - Another measure of effectiveness of value 
is the system kinetic energy, KE, which is a measure of the energy 
expended by the traffic stream. It is based on a fluid flow analogy 
(9, 11) where KE = qu, where q is volume and u is speed. The system 
analog of this relationship is KE = TT 2 /TTT or 'Us x TT (~,) for a given 
time period of interesto 

The kinetic energy for the two conditions studied are shown in 
Appendix Figure A-170 Except for the 2:30-3:30 p.m. period, the 
kinetic energy is higher with no control, indicating that operation 
was better with no controls. 

SUMMARY OF INPUT-OUTPUT STUDIES 

Appendix Table A-9 presents a summary of the most pertinent 
measures of effectiveness which were obtained from the input-output 
studies and a summary of statistical analyses which were performed on 
these data. Three differences were statistically significant. The 
total travel time with the NPG Traffic Control System in operations 
was 323 vehicle hours lower than with no control, and this difference 
was significant. Similarly, the total travel was less and the delay 
was greater when the controls were in effect. 

The average travel time per vehicle mile (60 TTT/TT) was calcu
lated as wello With no control the average travel time per vehicle 
mile was 2ol6 minutes, and 2.42 minutes with the controls in effect. 

Travel Times 

Appendix Table A-10 contains a summary of the travel times for 
vehicles traveling the entire 8.3 miles from Grand River to Meyers Road. 
In five of the eight half-hour periods the average travel times with 
the NPG Control System operating were lower than those obtained with 
no freeway control. Two of these differences were quite large (-3.l 
and -3.8 minutes) although not statistically significant. In two of 
the half-hour periods the average travel times were lower with no con
trol and one difference was large - 3.2 minutes. Because of the small 
sample sizes~ none of the differences was significant. 

Assuming the average difference of -0.55/8.3 mile trip to be 
accurate and representative of conditions through the peak periods, 
the average travel time saving per vehicle mile is 0.066 minutes. 
Since the total travel in an average peak period is about 150,000 
vehicle miles (Appendix Table A-9), the total travel time savings is 
about 165 vehicle hours per afternoon peak period, estimated from the 
moving vehicle data. 
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Measure of Time 
Effectiveness Period 

Total Input -
vehicles 3:00-6:30 

Total Travel 
Time - veh.hr. 2:30-6:30 

Total Travel 
veh. miles 2:30-6:30 

Total Delay -
veh. hours 2:30-6:30 

Average Travel 
Time - min~ 2:30-6:30 
per veh.mi. 

* Significant Differences 

APPENDIX TABLE A-9 

CDMPARISONS OF PEAK PERIOD OPERATIONS WITH AND 
WITHOUT THE NPG TRAFFIC CONTROL SYSTEM: 

(N.Bo SYSTEM:-SPRUCE TO MEYERS) 

Statistical NPG Control System NPG Control System 

Hypothesis ON OFF 

( = 0.05) n = J2 days N= 15 days 
x Sx "Y Sy 

H:Ion = 
Yo ff 38,194.9 u4o.o 39,392.3 --

H:TTTon = 
TTToff 5,827.0 215 .o 5,504.6 188.5 

H:TTon = 
TT off 146,706.0 3532.l 153,011.7 2143.3 

H:Don = 
Doff 2,215 .1 329.7 1,695.4 157.1 

None 2.42 2.16 

Difference 

X-Y 

-1194.4* 

323.0* 

-6305.7* 

520.0* 

0.26 



Time Period 

2:30-3:00 

3:00-3:30 

3:30-4:00 

4:00-4:30 

4:30-5:00 

5:00-5~30 

5:30-6:00 

6:00-6:30 

6:30-7:00 

APPENDIX TABLE A-10 

NORTHBOUND TRAVEL TIME DATA 
GRAND RIVER TO MEYERS ROAD 

NPG Controls On NPG Controls Off - -x Sx nx y Sy ny 

min. min. 
11.7 --- 1 14.8 4.2 4 

13.8 1.9 7 13.9 1.3 6 

19.0 8.5 4 15.8 LS 9 

17.2 2.3 7 16.3 3.6 10 

18.9 2.4 4 19.0 3.6 10 

24.3 4.2 3 24.3 4.5 6 

18.4 3.9 4 22.2 4.7 5 

--- --- 0 --- --- 0 

9.4 0.9 3 9.9 1.6 8 

AVERAGE DIFFERENCE 

Difference 
x-Y' 

-3.l 

-0.1 

3.2 

0.9 

-0.1 

o.o 

-3.8 

,_,.._ ..... .;IS& 

-0.5 

-
-0.55 

minutes 

Note: None of the differences is statistically significant. 
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DISCUSSION OF RESULTS OF PEAK-PERIOD STUDIES 

The peak-period studies which were conducted present means of 
estimating the possible range within which falls the benefit to the 
motorists of the operation of the NPG Traffic Control System during 
the morning and afternoon peak periods. Different measures of effec
tiveness provided somewhat different estimates of the benefits and 
with different statistical significance, hence the range of benefits. 

For the morning peak period, the benefits were estimated from the 
volume studies at Monterey and from the moving vehicle studies. From 
the volume studies it would be concluded that the on-freeway control 
system had no effect on the inbound traffic stream. If one views the 
travel time data with statistical rigor, the conclusion would be that 
the NPG Control System had no effect since none of the travel time 
differences were significant. If one is willing to accept the travel 
time differences which are not significant, the estimated total travel 
time savings is 200 vehicle hours per peak period. Weighting the 
results of the volume studies by 0.50, the statistically significant 
results of the travel time studies by 0.25, and the results of the 
travel time studies based on non-significant differences by 0.25, the 
weighted estimate of total travel time savings is: 

0.50(0) + 0.25(0) + 0.25(200) = 

50 vehicle hours per morning peak period. 

In the afternoon peak period, the input-output studies and the 
travel time studies were used to estimate the total travel time savings 
due to the operation of the NPG Traffic Control System~ From the input
output studies, it would be concluded that the total travel time was 
323 vehicle hours lower (statistically significant) during an average 
peak period with no control. Again, in the afternoon peak period the 
unit travel times indicated a slight improvement with control but none 
of the differences was statistically significant. Thus, the rigorous 
statistical conclusion would be that there was no improvement, while 
a more liberal view would be that there was an average reduction in 
total travel time of 165 vehicle hours due to control in an average 
afternoon peak period. Weighting the results of the input-output 
studies 0.50 and weighting the results of the travel time studies as 
before~ the weighted estimate of total travel time savings due to con
trol is: 

0.50(-323) + 0.25(0) + 0.25(165) = 

-120 vehicle hours per afternoon peak period. 

The following table summarizes the estimates of travel time savings 
due to the NPG Traffic Control System during the two peak periods. 
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Peak Period 

Morning 

Afternoon 

TOTAL 

APPENDIX TABLE A-11 

ESTIMATED SAVINGS IN TOTAL TRAVEL TIME 
DURING PEAK PERIODS DUE TO THE OPERATION 
OF THE ON-FREEWAY TRAFFIC CONTROL SYSTEM 

Estimate of Total Travel Time Savings Per Peak Period 
High Estimate Low Estimate Weighted Estimate 

200 veh. hrso 0 50 veh. hrs. 

164 veh. hrs. -323 veh. hrs. -120 veh. hrs. 

365 veh. hrs. -323 veh. hrs. - 70 veh. hrs. 

Probably a reasonable conclusion would be that the NPG Traffic Con
trol System had no effect on peak period traffic flow. 
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GENERAL 

VII. FUNCTIONAL ANALYSIS OF THE NATIONAL 
PROVING GROUND TRAFFIC CONTROL SYSTEM 

The system analysis procedure is basically one of comparing a 
system's performance to its intended performance by means of various 
measures of effectiveness. The first step is to define the mission of 
the system or its intended performancee The second step is to select 
the appropriate measures of effectiveness by which to evaluate the 
system's performance and the third is actually to perform the analysis. 

STATEMENT OF MISSIONS 

Broadly stated, the three missions or objectives of the NPG 
Traffic Control System are l) to optimize flow on the Freeway, 2) to 
increase the efficiency of the roadway, and 3) to provide necessary 
information to the drivers. The first mission refers to flow during 
normal conditions and the second mission refers to the minimizing of 
the effects of reduced-capacity situations. These missions were ob
tained from NPG personnel and a more complete discussion is contained 
in Appendix A3 of Reference l. 

MEASURES OF EFFECTIVENESS 

The measures of effectiveness of traffic system operation which 
were used to evaluate the NPG Traffic Control System are traditional 
ones - total travel time, total travel, average speed, delay, volume 
processed and kinetic energy. In addition, travel time of an individ
ual vehicle and the volumes at a bottleneck were used. One important 
measure of effectiveness, contribution to safety, was not considered 
since it is not readily subject to measurement. Any reflections on 
possible contributions to safety would be little more than conjecture. 

ANALYSIS 

l. Mission l 

The first mission is to optimize flow on the freeway (during normal 
conditions). During off-peak periods when normal conditions prevail, 
the NPG Control System does not improve flow since no nroblem generally 
exists and~ thus, the NPG Control System is not used during such 
periods. 

Several comments can be made regarding peak period operation under 
normal conditionso First, the cause of normal peak period operational 
problems (congestion) is that the demand exceeds the capacity of the 
Freeway and the NPG Traffic Control System cannot resolve the demand/ 
capacity relationshipo Only in rare instances (reduced-capacity opera
tion) are the "Don't Enter Ramp" signs used. The NPG Control System 
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was found to be unsuccessful in increasing the flow at a critical 
bottleneck (Davison-Glendale southbound). Thus~ the concept of 
accepting all of the demand on a (congested) freeway and then "opti
mizing" flow must be assigned a low probability of success. 

As shown in Appendix Figure A~2~ the NPG Traffic Control System 
has an adaptive element in the control loop. This adaptive element is 
the NPG control operatoro With the control oner11tor in the ront-r01 
1 h • 1 • II ' II II t' II t 1 t oop~ t is contro system i, a responsive or reac 1ve con ro sys em 
rather than a "preventive" control systemo The control system with the 
human observer can only respond to a given situation and attempt to 
correct it rather than to try to prevent the occurrence of an undesired 
situation, such as congestion. 

The "Donwt Enter Ramp" signs on the entrance ramps appear to have 
little or no role to play in normal peak-period operationo These signs 
were intended for use in closing completely an entrance ramp on a 
temporary basis to reduce demand on the Freeway. They have been found 
ineffective for complete closure (Reference 2 and Section V of this 
report) as only about 25% of the motorists obeyed the signs (Section V). 
One could argure, perhaps, that the daily use of these signs at all 
ramps in the NPG Control Area during the peak periods would reduce the 
demand by 25% of the ramp volumes. It is more likely, however, that 
the compliance would approach zero after repeated use in this manner. 
For normal peak period application the signs must be made to function 
as intended or should not be operated. 

2. Mission 2 

The second mission of the NPG Traffic Control System is to increase 
the efficiency of the roadway (under reduced-capacity conditions) and 
in this mission it is more successful. The closed circuit television 
surveillance system is particularly well-suited to providing the operator 
with the necessary qualitative information on traffic incidents~ 
including information needed to respond properly to an emergency situa= 
tion. The TV system uniquely provides the operator with information on 
which to decide whether a police vehicle~ a wrecker~ or an ambulance 
is required. Based on normal police patroling procedures,, there can 
be little question that the use of a television surveillance system can 
reduce the police response time to an incident. 

The "Donttt Enter Ramp" signs do not function as intended,. but during 
off~peak periods can still provide a useful function. When queueing 
occurs at an incident on the Freeway~ the operation of the ramp signs 
as advisory displays can decrease the demand rate on the Freeway at the 
incident (by 25% of the ramp volume). In fact, it appears at the present 
time that traffic flow could be benefited from increased use of the 
"Donttt Enter Ramp" signs in the off-peak periods during reduced-capacity 
conditions when queueing has occurred. 
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The benefits of the lane control signals depends on the volume 
conditions and they can be useful under lower volumes. During most of 
the present hours of operation the volumes are too high to realize 
benefits from these signals. 

The speed signs during the peak periods function 1) to warn 
motorists of congestion ahead and 2) to indicate to the motorists that 
the problem has been passed and to increase speed. The use of speed 
in the present form to convey these messages is somewhat indirect. 
The advance warning function is possibly confused with the speed limit 
function by some motorists and this could decrease the effectiveness~ 
It would appear that the use of the speed signs for one purpose or the 
other would enhance their utility. 

The results of the input-output studies in the northbound peak 
period raised the possibility that the "on-freeway" controls may 
actually have worsened traffic operation. This was not a conclusive 
result but two possible reasons for this arise. First, the control 
operators may have been displaying the wrong message due to inability 
to adequately assess the traffic situation. Secondly, under capacity 
conditions the displays may provide competition for the drivers' 
attention from other necessary stimuli and this may reduce slightly 
the capacity at critical locations (through a slight increase in aver
age headways). A human factors analysis would be advised to clarify 
this point. 

3. Mission 3 

The third mission of the NPG Traffic Control System is to provide 
necessary information to the motorists. There can be little question 
that it provides useful information to the Freeway motorists. Questions 
remain~ however~ of whether this is necessary information or whether 
the ~ useful information is being provided. 
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VIII. CONCLUSIONS 

This chapter contains the results of several studies and analyses 
which have oeen made for the purpose of evaluating the effectiveness 
of the "on-freeway" traffic control system on the John Co Lodge Freeway. 
The conclusions are offered with some reservations. The off-peak 
studies were of limited scope and in none of these studies were the 
sample sizes extremely large. 

The studies were conducted on only one particular traffic control 
system on one particular freeway and the results should not necessarily 
be translated directly to other systemso The conclusion should also 
not be viewed necessarily as applying to the general concept of "on-
f reeway" controlso 

The traffic control system which was evaluated was not located 
ideally to provide the greatest benefits to the motorists and this 
should be borne in mind when considering the conclusions. Due to the 
extension of th~ Lodge Freeway to the north, the traffic pattern on 
the Lodge Freeway has changed drastically since the National Proving 
Ground Traffic Control System was installed. Consequently, the con= 
gestion limits do not presently coincide with the Control Area and 
this fact naturally has an effect on the results of the evaluation. 

Within the limitations of these factors, the following specific 
conclusions are offeredg 

1. The motorists do not decrease their speeds to coincide with 
the posted speed unless there is an apparent reason to do 
so. This would suggest that the motorists do not consider 
the changeable speeds as regulatory. 

2. The variable speed signs were not successful in increasing 
the flow rate at a critical bottleneck when there was 
adequate demand to do so (congestion upstream of the bottle= 
neck). 

3. The effectiveness of the overhead lane control signals appears 
to be a function of the Freeway demand. 

a. Based on previous research (4j 5)J when Freeway demand is 
less than the Freeway capacity remaining during the lane 
closure (no queueing upstream), vehicles appear to obey 
the red "X" indications and leave the closed lane farther 
in advance of the closure than with conventional advance 
warning. 

b. Based on the "off=peak" period studies, when Freeway demand 
is greater than the Freeway capacity remaining during the 
lane closure (queueing upstream), the effectiveness of the 
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red "X" indication appeared to be much less. Vehicles 
left the closed lane sooner with no overhead lane con
trols than under normal advance warning but this was not 
translated to reduced travel time because (for these 
demand conditions) the use of the red "X" indication did 
not increase the throughput at the lane closure (over 
that using normal lane closure techniques). 

c. For the present hours of operation, the benefits of the 
lane control signals are very small since during this 
time period the demand on the Freeway is nearly always 
greater than the remaining capacity if a lane is closed. 

4~ In periods of high demand and congestion, the NPG Traffic 
Control System is incapable of balancing demand and capacity 
and consequently is not effective in improving traffic opera
tion under normal peak period conditions. 

5. On the one day in which the "Donff t Enter Ramp" signs were used, 
the volume on the four ramps which were "closed" was 23% below 
the normal volume~ The compliance to this type of control was 
greater on the ramps at which a good alternate route is avail
able. 

6. The usefulness of the speed control signs as advanced warning 
devices could not be fully evaluated from the traffic opera
tional studies which were conducted and a human factors 
approach would be required for this analysis. It would appear 
that other messages might provide a more direct advance 
warning to the motoristse 
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LOCATIONS 

Glendale j=l 

Monterey j=2 

Webb j=3 

LOCATIONS 
Glendale j=l 

Monterey j=2 

Webb j=3 

APPENDIX A-1 

TIME MEAN SPEED AND STATISTICAL ACCEPTANCE RANGE 
FOR DIFFERENT ENVIRONMENT AND CONTROL CONDITIONS 

Without Distraction k=l With Distractions k=2 
i=l i=2 i=3 i=l i=2 

55.8 55.1 57.2 49.0 53.8 
(54.6,55.4) (53.3,56.7) (38.2,41.8) (53.9,56.1) (53.6,56.4) 

49.3 47.2 41.6 43.9 43.9 
(54.2,55.8) (39.2,40.8) ( 24. 3' 25. 7) (54.1,55.9) (39.1,40.1) 

45.2 44.5 43.9 46.4 46.2 
(54.4,55.6) (39.4,40.6) (24.2,25.6) (54.5,55.6) (39.4,40.6) 

POSTED SPEED FOR CONTROL CONDITIONS 

Without Distraction k=l With Distraction k=2 
n=l n=2 n=3 n=l n=2 

55 55 40 55 55 

55 40 25 55 40 

55 40 25 55 40 

153 

i=3 

58.3 
(38. 8' 41. 2) 

41.4 
(24.1,25.9; 

44.9 
(24.4,25.6) 

n=3 
40 

25 

25 
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Io INTRODUCTION 

PROJECT ORGANIZATION 

National Cooperative Highway REsearch Program, Project 20-3, 
"Optimizing Freeway Corridor Operation Through Traffic Surveillance, 
Communication and Control," was organized into three phases corres
ponding to the three project objectives as stated in the project 
statement. The statement of the second objective is: 

"To determine a method for increasing the effectiveness 
of the system which involves the freeway and the adjacent 
surface street network within the corridor and to evaluate 
the methods on the study site with or without the use of 
additional hardware." 

The activities reported herein deal directly with the development, 
implementation, and evaluation of a ramp metering control system for 
the northbound Lodge Freeway in Detroit and, as such, constitute the 
Second or Improvement Phase of the Project. 

Presented are descriptions of the control systemj the surveillance 
system, the development of the control plans, the traffic system analysis 
techniques used to evaluate the effects of the control system on the 
network and the effects of the control system on traffic operation in 
the Lodge Freeway Corridoro 

SIGNIFICANCE OF THE WORK 

Freeway surveillance and control have been tested in several loca
tions for many years and ramp metering has been in operation in Houston 
and Chicago for some time and one might ask how the work reported 
herein is significantly different from the past work, First, the speed 
with which the traffic system was analyzed and an effective traffic 
control and surveillance system designed and installed is believed to 
be significant and reflects on the considerable experience gained in 
Chicago (References l,l) and, more importantly, Houston (l,,i). 

A signal retiming system was put into effect in the adjacent street 
network to provide for the anticipated traffic diversion from the Free
way. This was initiated at about the same time at which the ramp 
metering system was implemented and represents an initial attempt to 
develop an "integrated control system" which involves the Freeway ramp 
control signals and the signals in the networko 

A complete analysis of operation in the Lodge Freeway Corridor, 
as well as on the Freeway itself, was made and a complete evaluation 
of the effects of the ramp controls on the network was made in conjunc
tion with the evaluation of the changes in freeway operation. This 
both permitted and required a "total systems approach" to the 
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operational evaluation. A network information system was designed to 
assure that all data collected on the street system and on the freeway 
were comparable. A network analysis technique was developed so that 
the following figures of merit can be determined for both the Freeway 
and network under "control" and "no control" conditions: 

l. total travel time (vehicle hours) in the system; 
2. total travel (vehicle miles) in the system; 
3. average speed in the system; 
4. delay in the system; 
5. kinetic energy in the system; 
6. total volume processed by the freeway; and, 
7. link volumes in the network. 
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II. TRAFFIC SYSTEM ANALYSIS 

GENERAL 

One of the primary objectives of NCHRP Project 20-3 was to optimize a 
freeway corridor operation through traffic surveillance, communications and 
control. The evaluation, then, of the traffic corridor operation or the 
traffic system operation was necessary for two reasons. First, it was 
necessary to determine the area of influence of the traffic control system 
on the Freeway so that the measurements for the evaluation of the effects 
of the traffic control system could be planned. The second reason was that 
certain changes in operation in the traffic system had to be planned and it 
was, therefore, necessary to determine the proper operation of the system. 

The traffic system was divided into two subsystems, the freeway subsystem 
and the arterial street subsystem. For each of these two subsystems, the 
area of influence of the traffic control system was determined and the measure
ments of the effectiveness of the traffic control system were planned. 

In order to evaluate the freeway corridor, a traffic system description 
and a traffic system analysis were performed(_~). The traffic system analysis 
followed the lines of a more general system analysis in that the steps related 
to the traffic system analysis were 1) to determine the function of objectives 
of the system, 2) to determine the measures of effectiveness of the system and 
3) to compare the performance of the system with the desired objectives as 
measured by the measures of effectiveness. In addition, it was necessary to 
determine the function or mission of the traffic system in order to plan pro
perly the changes in operation and control within the system. Again, the eva
luation of the effects of changes in control and operation in the traffic sys
tem was made in each of two subsystems, the freeway subsystem and the arterial 
street subsystem. The outbound (northbound) direction of the Lodge Freeway in 
the afternoon peak period was selected for analysis and control because of a 
less critical scheduling (manpower) problem and because it appeared that opera
tion on the Freeway in the inbound direction was dominated by operation of the 
Lodge-Ford Interchange. 

FREEWAY SYSTEM ANALYSIS 

At the outset of NCHRP Project 20-3, the traffic control system and instru
mentation system of the National Proving Ground was located in a 3,2 mile area 
between the major interchanges of the Lodge Freeway with the Davison Freeway 
and the Edsel Ford Freeway. One of the first analyses that was performed on 
NCHRP Project 20-3 was to determine if the control and surveillance area of the 
National Proving Ground was adequate for the research objectives of the Project. 
In attempting to determine the proper area of surveillance, the following cri
teria were used. 

1. The surveillance area on the freeway must include all major 
bottlenecks; 

2. The surveillance area must extend far enough upstream of all 
bottlenecks to include the entire queueing area; and 

3. The surveillance area must extend far enough downstream of all 
bottlenecks that the traffic flow would have returned to normal. 
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There are two major bottleneck areas on the northbound John C. Lodge Freeway 
in the afternoon peak period. The first of these is in the present NPG control 
area and is located in the area of the Chicago and Webb entrance ramps. This 
bottleneck is caused by two conditions, the first of which is the reduction in 
the number of lanes from four to three at the Hamilton exit ramp. Just down
stream of the Hamilton exit is the Chicago entrance ramp and further downstream 
is the Webb entrance ramp. The combination of the end of the auxiliary lane and 
the added traffic in tha three lane section (along with other geometric features 
such as curvature and grade) produce this bottleneck area. 

In addition, a similar situation exists in the Livernois and Linwood inter
changes. An auxiliary lane is added at the Davison entrance ramp northbound and 
it is terminated at the Linwood exit ramp. After the four lane to three lane 
reduction, traffic is added at the Linwood entrance ramp and further downstream 
at Livernois interchange more traffic enters the Freeway than exits. This com
bination of operational and geometric characteristics makes the Linwood and 
Livernois area on the Lodge Freeway another bottleneck. 

Prior to the initiation of the ramp controls, congestion developed indepen
dently at these two bottlenecks. However, late in the peak period the traffic 
from the downstream bottleneck (Linwood and Livernois area) caused queueing on 
the Freeway to back into the Chicago-Webb bottleneck. At the height of the peak 
period, congestion normally extended from the Livernois interchange upstream for 
a distance of approximately 6.5 miles to the Grand River Avenue overpass, shown 
in Appendix Figure B-1. 

For these reasons, the northbound Lodge Freeway between the Spruce Overpass 
(near Grand River Avenue) and the Meyers U-turn Overpass was chosen for study. 
This represents a distance of 8.3 miles and extends on both sides of the existing 
3.2 mile TV Control Area of the National Proving Ground. 

ARTERIAL STREET SYSTEM ANALYSIS 

General 

One of the major tasks of NCHRP Project 20-3 was to determine the area of 
influence of the existing (overhead lane and speed control signs) and planned 
(ramp metering) traffic control system on the arterial street system adjacent 
to the Freeway. It was necessary to do this for two reasons: 

1. In order to properly evaluate the effect of the ramp controls, 
measurements must be taken in the entire area of influence of the 
traffic control system; and 

2. In order to minimize the adverse effects of diverted freeway traffic 
on the arterial streets, traffic engineering improvements had to be 
planned and placed into operation in the arterial street area of 
influence. 

The problem of defining precisely which streets are in the area of influence 
of the traffic control system on the John C. Lodge Freeway was quite difficult. 
Because of the magnitude of the system of streets which might be in this area 
of influence and the magnitude of the measurement tasks involved in the selection 

160 



--
NORTHBOUND JOHN C. LODGE FREEWAY - SCHEMATIC 

Figure B-1. National Proving Ground TV Control Area and the Congestion 
Limits on the Northbound Lodge Freeway. 
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of the proper traffic system, it was necessary to exercise some subjective 
engineering judgment to supplement the measurements which were made. 

The area of influence of the traffic control system on the northbound 
Lodge Freeway was selected based on the following considerations: 

1. General characteristics including the street pattern, freeway 
alignment and the traffic pattern; 

2. Probable nature of ramp controls; 
3. Demand and capacity relationships (at about 200 critical intersection 

approaches); 
4. Land use; and 
5. Driver psychology 

The traffic system which was selected for analysis in the afternoon peak 
period is shown in Appendix Figure B-2. 

After the proper traffic system was selected, it was subjected to a system 
description and a system analysis. The system description included a physical 
inventory, a traffic operation and control inventory and a traffic demand in
ventory. Much of these data were provided by Detroit Department of Streets and 
Traffic. The system analysis involved the previously stated system analysis 
steps. The system analysis provided a basis for planning the necessary traffic 
engineering improvements in the traffic system. 

The analysis of the arterial street system was conducted primarily to de
termine the ability of the streets in the area of influence or corridor of the 
Lodge Freeway to accommodate additional vehicles. The need for additional ca
pacity stems from the probable diversion of vehicles from the freeway to the 
adjacent street system when ramp controls are installed. 

It was first necessary to determine the excess or additional capacity 
remaining for these diverted vehicles in the street system under its present mode 
of operation and control. The next step pursued by the staff of NCHRP Project 
20-3, was to investigate various traffic engineering improvements which could 
be implemented in the freeway corridor to provide the necessary increase in 
capacity for the anticipated extra (diverted) traffic loads. 

The arterial street system analysis follows the format of other system 
analyses, although in a somewhat more vague or informal sense. The basic system 
analysis procedures, step 1) define the mission or function of the system and 2) 
define the measures of effectiveness of the system and 3) compare the system's 
actual performance to its desired performance (mission) by use of the measures 
of effectiveness, were followed. 

The following analyses were performed: 

1. System Demand Pattern Analysis; 
2. Signal System Analysis; 
3. System Demand-Capacity Analysis; and 
4. System Improvement Analysis (Traffic Engineering Improvements) 
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Figure B-2. 
Traffic System Included in the Afternoon Analysis. 
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1. System Demand Pattern Analysis 

The purpose of this analysis was to determine the general demand pattern on 
the arterial streets in the freeway corridor (as seen in Appendix Figure B-2). 
Since the function of a street system-is to satisfy the demand which is placed 
upon it, this analysis serves also to determine the function or mission of the 
arterial street system in the freeway corridor. 

Critical intersections and those which are potentially critical (with di
verted traffic) were selected and manual counts were made at about 200 critical 
intersection approaches. From these counts it was possible to estimate the ca
pacity of each approach under present operation and control. The Highway Capa
city Manual technique (§) of determining intersection capacity was used. 

For the portion of the arterial street system under analysis in the after
noon some of these data were combined to form screen line counts. To measure 
the general northbound demand in the system, a screen line count was obtained 
on Woodward Avenue, Second Avenue, and Hamilton Avenue between Chicago Avenue 
and Webb Avenue. For the 4:30-5:30 p.m. peak hour, the count of vehicles cross
ing this line was found to be about 5700. 

In six east-west streets in the system (Seward, Clairmont, Chicago, Webb, 
Glendale, and Davison) a screen line count between Second and Hamilton in the· 
westbound direction was about 3500 from 4:30 to 5:30 p.m. 

It was interesting to note that three parallel arterials (Woodward, Second, 
and Hamilton) carry nearly as much traffic northbound during the peak hour as 
does the Freeway. This placed a new perspective on the traffic system analysis 
and stressed the importance of the analysis of the arterial system. 

2. Signal System Analysis 

The entire signal system in the corridor area was analyzed to see if the 
green time allocation corresponded reasonably well with the demand volumes and 
the previously established system functions (generally a north-south movement 
except for a heavy east-west movement on West Grand and McNichols). Appendix 
Figure B-3 shows the relationship between green time (capacity) and demand on 
Second Avenue. 

It was found that there is not always a correspondence between demand and 
available green time on most of the streets. Particularly it was found that 
more emphasis should be given to the north-south movement in this area since 
it is dominant and since the anticipated diverted traffic would increase the 
northbound movement. In some cases this was difficult to accomplish since the 
minimum east-west green is dictated by pedestrian clearance requirements. 

It was also learned that four local agencies were involved in the opera
tion of the signals in the Freeway Corridor. Generally, the signal operation 
of each agency was optimized within its own jurisdictional boundaries but, 
when all of the subsystems were considered as a total system, some mismatches 
were found. For example, the cycle lengths were not common on some of the 
major streets, causing problems with progression. 
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Figure B-3. Peak-Hour Traffic Volumes and Signal Timing at Critical 
Intersections on Second Avenue. 
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3. Northbound System Demand-Capacity Analysis 

In anticipation of the initiation of the ramp metering system on eight of 
the entrance ramps on northbound Lodge Freeway during the afternoon peak periods, 
a detailed demand-capacity analysis was performed on three of the north-south 
streets (Woodward,Seward and Hamilton) which were expected to carry most of the 
diverted freeway traffic. On the initial demand-capacity analysis, the available 
capacity at each northbound intersection approach on Woodward, Second and Hamilton 
was determined and plotted as a function of time (by five minute periods). From 
these graphs it was possible to locate the intersections at which capacity improve
ments would produce the greatest overall flow improvement in the system. 

The total available capacity through the corridor on the three streets (Wood
ward, Second, and Hamilton) at each major cross street was also determined by 
summing the available capacities of the three streets by five minute periods at 
each of seven cross streets. They are presented in Appendix Figure B-4. This 
figure indicates that there was some capacity available in the corridor area at 
all times during the afternoon peak period but that it is quite limited from about 
5:00 to 5:30 p.m. 

The fact that there was a great deal of available capacity prior to 5 p.m. 
and after 5:30 p.m. is evidence of the probable success of the ramp metering 
controls in improving the network operation. Since the freeway congestion ex
tended from about 2:30 to 6:30 p.m., the feasibility of diversion· of traffic 
from the freeway to the arterials during most of this period was important. 

It is well-known that freeway operations can be improved by proper diver
sion of some of the demand in the streets. However, the net improvement in net
work operation (including both the freeway and the arterial streets) depends 
quite critically on the ability of the arterials to provide the capacity to 
accommodate the additional demand. It appeared that capacity was available in 
the arterial system to handle the anticipated amount of diverted traffic except 
during a fairly short time period. A more complete description of the traffic 
system analysis appears in Reference 5. 
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III. DESIGN & INSTALLATION OF TRAFFIC SURVEILLANCE AND CONTROL SYSTEM 

The systems approach was used in the design of the traffic surveillance and 
control system. First, the criteria of both the traffic surveillance system and 
the traffic control system were determined. As much equipment as possible was 
used in both· systems, e.g., the· computer and· detectors were common to both sys
tems.· Next,· the· system was designed· to meet the criteria or requirements which 
were established. 

SYSTEM CRITERIA 

Some of the criteria for· the traffic surveillance system were: 

1. The system· must be capable of performing the TTI input-output anal
ysis over as much of the area of interest on the freeway in the 
northbound direction as possible; 

2. The system must be capable of· operation during any environmental 
condition; 

3. The implementation of the system had to be consistent with the 
time frame of the NCHRP Project 20-3; and 

4. The cost of the system had to be within the budget limits of NCHRP 
Project 20-3. 

The following criteria were established for the traffic control system: 

1. The system must be effective in improving the traffic operation in 
the traffic system; 

2. The computerization of the control function had to be at least as 
good as the manual ramp control operation which had been proposed 
in the original Project proposal; 

3. The implementation of the system had to be consistent with the 
time frame of the NCHRP· Project 20-3; and 

4. The cost of the system had to be within the budget limits of NCHRP 
Project 20-3. 

When these criteria were considered for the total traffic surveillance 
and control system, the criteria that were used in the design of the system 
were: 

1. The functional requirements of· each of thB two systems must· be met; 

2. A maximum use had to be made of existing National Proving Ground 
equipment; 

3. New equipment purchase and installation had to be kept to a 
minimum and as much common use as possible to be made of equipment 

I 

in both the traffic surveillance system· and traffic control system; and 

4. The installation of the total system had to be realistically 
possible within the time and budgetory requirements of NCHRP Project 
20-3. 
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DESIGN OF THE TRAFFIC SURVEILLANCE SYSTEM 

From the traffic system analysis it was determined that the required area 
of surveillance in the northbound direction on the Lodge Freeway extends from 
Grand River Avenue at the south to Meyers Road at the north. This represents 
a distance of 8.3 miles and in this area there are 13 entrance ramps and 14 
exit ramps, as well as two major interchanges. Two of the exit ramps and one 
of the entrance ramps are left-hand ramps. 

The portion of the northbound Freeway from Holden to Meyers was selected 
for the installation of the ramp detectors and the automatic input-output 
analysis. The length of this section is about 6 1/2 miles and 20 entrance and 
exit ramps are included in this area. In order to get the Freeway counts re
quired to complete the input-output analysis, several of the detectors which 
had been used previously on location by the National Proving Ground were re
located to give the necessary detection system configuration. A detection 
station on all lanes of the Freeway was installed at Meyers, at Calvert, and 
at Glendale. Thus, the total detection system from Holden to Meyers was di
vided into three subsystems and a separate input-output analysis was possible 
on each of these subsystems. 

Detectors were not located on the ramps from Grand River to Holden for 
two reasons. The most important reason was that it appeared that there were 
several technical problems which might have prevented the installation of 
these detectors on the time schedule required for the Project. Also, the 
cost of this installation was believed to be excessive in view of the Project 
budget. Surveillance in the area from Grand River to Holden was accomplished 
by manual input-output studies as well as by aerial photography. 

Extensive use was made of the Control Data 8090 digital computer which 
had already been in use by the National Proving Ground staff prior to the 
beginning of the NCHRP Project 20-3. All of the detectors on the ramps and 
the overhead detectors which were used for the input-output analysis applied 
contact closures to the digital computer whenever a vehicle was detected. 
The National Proving Ground control cable and leased phone lines were used 
for data transmission. The digital computer then logged the vehicle count 
at each one of the detectors and recorded the data on a punched paper 
tape once each minute. The punched tape containing the minute volumes was 
later processed on the computer to provide a complete input-output analysis. 
The input-output analysis has been described in detail in previous re-
ports (§_,2_) and Appendix B-1 contains some sample data as it was printed 
out from the digital computer. The computer was also used to process 
the manual input-output data which first had to be placed on the punched 
paper tape and then processed by the computer. The programs for the 
digital computer were prepared by Gordon Paesani of the National Proving 
Ground staff and are sununarized in Appendix A of Reference 10. 

Thus, for the entire 8.3 mile area from Grand River to Meyers the 
input-output analysis provided each day the figures of merit of freeway 
operation which have been previously described in the INTRODUCTION 
section of the report. These figures of merit are also available for 
each of the four subsystems which comprise the entire Grand River to 
Meyers system. 
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DEVELOPMENT OF THE TRAFFIC CONTROL SYSTEM 

To reduce the overload at the two major bottlenecks on the northbound 
Lodge Freeway controls had to be initiated at eight of the northbound en
trance ramps. These entrance ramps are: 

1. the West Grand Boulevard entrance; 
2. the Seward entrance; 
3. the Chicago entrance; 
4. the Webb entrance; 
5. the Davison entrance; 
6. the Linwood entrance; 
7. the northbound Livernois loop entrance ramp; and 
8. the southbound Livernois direct entrance ramp. 

A signal was located on each of the eight entrance ramps and these 
signals were controlled by the digital computer. Communication between 
the computer and the ramp signals was accomplished by use of the NPG 
control cable and leased phone lines. 

The metering rates on the ramps were determined by the digital com
puter which was programmed to operate the signals under one of several 
control modes, one pre-programmed (fixed time) mode and several traffic 
adjusted modes. For details on the computer programming see Appendix A. 
The same loop detectors which were installed on the ramps for use on the 
traffic surveillance system were used in the traffic control system to 
provide indication to the computer that a vehicle is waiting at any one 
of the ramp signals. (This practice of using a single detector for two 
somewhat conflicting purposes, while good· from a budgetary point of view, 
resulted in some undesirable operation at the signals. Some vehicles 
were not positioned on the detectors when stopped at the ramp signals 
and some excessive delays were observed on the ramps. Hence, this is 
definitely not recommended for operational installations). 

The traffic volumes at the West Grand Boulevard entrance and the 
Davison entrance were exceedingly high and, therefore, both of those ramps 
were entered on a bulk service basis. This means that more than one 
vehicle was allowed to enter the freeway on each green phase. On each of 
the other six entrance ramps the more typical "one-at-a-time" metering 
format was followed. 

SYSTEMS SCHEMATIC DIAGRAMS 

Figure B-5 is a schematic drawing showing the detector and signal 
locations in the 8,3 mile area which was under surveillance. Figure B-6 
is a functional block diagram of the traffic control system and traffic 
surveillance system which were installed on the Lodge Freeway as part 
of NCHRP Project 20-3. 

*The physical placement of the signals was similar to that previously 
used in Houston(~). Location was on the left side of the ramp about 
200 feet upstream of the ramp nose. 
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IV. DEVELOPMENT OF THE CONTROL PLANS 

The philosophy which was used to develop the ramp control plan was 
1) to first determine the control requirements of the Freeway, 2) to esti
mate the amount of traffic which would divert from the Freeway, and 3) to 
determine the ability of streets in the Freeway Corridor to acconnno-
date and divert traffic. In addition, the network traffic signals were in
vestigated to determine if a signal retiming plan would be effective in 
improving operation for present traffic and the anticipated diverted 
traffic. 

DEVELOPMENT OF RAMP CONTROL PLANS 

The control requirements for the Freeway were determined by means of 
a linear programming technique. The basic model used for this purpose had 
been developed earlier (11, 12) but it was necessary to alter the model 
slightly for this new application. The linear programming model determined, 
for each five minute period, the optimum metering rates on each of the 
entrance ramps. The inputs to the model are: 

1. the bottleneck locations and capacities; 
2. the five minute volumes at each system input (the volume on the 

Freeway at Grand River and each of the entrance ramp volumes); and 
3. the origin-destination pattern within the Freeway system under study. 

The bottleneck locations and capacities were determined from special 
traffic studies in conjunction with the linear programming analysis. The 
five minute input volumes were obtained from the input-output studies 
which were conducted daily. The entrance ramp origin-destination data were 
obtained from a questionnaire survey conducted in earlier phases of the 
Project (~_). 

The model also recorded the predicted queue on each ramp at the end 
of each five minute period. The demand on a ramp in the next five-minute 
period equaled the number of cars in the queue at the beginning of the 
period plus the normal demand at the ramp during the five-minute period. 
This model was used to estimate the optimal metering rates under a pre
programmed mode and were used to estimate the diversion of traffic to 
the arterial streets under the pre~programmed and traffic-adjusted modes. 

Figure B-7 is a summary of the various control modes that were possible 
at each of the eight controlled ramps with the computer program which was 
developed. Each of the eight ramps could be operated on a pre-programmed 
mode in which the metering rate for each five-minute period was determined 
in advance. The computer would then operate each signal so that the desired 
number of cycles would be obtained for each five-minute period. 

At the West Grand Boulevard entrance ramp and the direct Livernois 
entrance ramp the pre-programmed mode was the only mode of operation 
which was used. At each of the other six entrance ramps one or more 
forms of traffic adjusted metering mode were used. At the Chicago 
entrance ramp the digital computer was programmed to duplicate the 
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functions of the analog computing equipment which performs the automatic 
ramp metering at the Telephone Road entrance ramp on the Gulf Freeway 
in Houston (13). At the Chicago entrance ramp both the gap-acceptance 
and demand-capacity control modes were available as well as the pre
programmed mode. 

Traffic adjusted modes of operation were developed for each of the 
other entrance ramps which were under control. In general, the traffic 
adjusted schemes which were developed could be placed in the "Rube Goldberg" 
category and do not represent the best metering schemes which could have 
been developed by the research team. The attempt was made, however, to 
make the best possible use of the limited number of detectors w:dch were 
available on the research project, and it was necessary to minimize 
expenditures on new equipment. It was believed that the traffic operation 
would be improved by using these detectors, even in the "Rube Goldberg" 
modes, than it would be under a pre-programmed mode of operation. Of 
course, this can be tested in the future of the research project. The 
installation of additional detectors to accomplish the more sophisticated 
automatic metering at other ramps was not possible under the limitations 
of Project funding. 

At four of the entrance ramps a modified demand-capacity mode of oper
ation was used. The demands were determined by projecting the minute volumes 
from upstream freeway count locations by the addition and subtraction of 
intermediate ramp volumes. Thus, at these ramps the metering rate was re
computed each minute. 

At the Livernois loop ramp a special mode of operation was used. The 
freeway section between Linwood and Livernois was generally expected to 
operate at or very close to its capacity level. Thus, if the freeway down
stream of the Livernois loop ramp was to operate at or near its capacity, 
one vehicle should be allowed to enter on the Livernois loop ramp each time 
a vehicle exited on the Livernois ramp which is just upstream of it. 

The capacity values which are shown in Figure B-7 are the initial 
settings only and were not considered the final control parameters. In 
addition to the prime traffic-adjusted control modes on the ramps, which 
are operated on a one-at-a-time basis, a background cycle of one vehicle 
every twenty seconds was used so that a vehicle had to wait at most twenty 
seconds when it reached the signal. 

During the two months of research on the ramp control system the 
West Grand Boulevard and Livernois direct ramps were operated on a pre
programmed basis, the demand-capacity mode was used at Chicago and the 
previously described traffic adjusted modes were used on the other 
five ramps. 
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V. DEVELOPMENT OF A NETWORK SIGNAL RETIMING SYSTEM 

A traffic signal system analysis was performed to determine if a 
signal retiming system might improve the movement of present and diverted 
traffic on the Freeway Corridor. The traffic system analysis indicated 
that the major flow through the Freeway Corridor was in the northbound 
direction so the signals on Woodward, Second and East Service Drive
Hamilton were checked as were those on West Grand Boulevard and McNichols. 
The entire area concerned is shown shaded in Appendix Figure B-8. 

Four local traffic agencies have a responsibility for the operation 
of the traffic signals in the area shown shaded in Figure B-8. Generally, 
it was found that each of these local agencies was doing a good job in the 
operation of the signals in their area of interest. However, when the in
dividual subsystems were put together, some inconsistencies were noted in 
the overall system operation. For example, some of the signals in the sys
tem were operating on a 70-second cycle with progression and others in the 
area were operating a progression system with a 50-second cycle on the same 
street. Also, it was determined that at some intersections it was possible 
to allocate more green time to the northbound movement which is the pre
dominant movement in this corridor area, during the afternoon peak period. 

In the development of a signal timing system for this whole area, the 
attempt was made to obtain two-way progression on West Grand Boulevard and 
McNichols, both of which carry major flows in the East-West direction, and 
to obtain a predominantly northbound progression on the other major streets, 
Woodward, Second, and Hamilton-East Service Drive. The signal timing in 
this area was visualized in terms of a three-dimensional time-space diagram 
which is shown in Figure B-9. This figure shows the progression obtained on 
each of the five major streets in the system. Because of the geometry, the 
progression on Second, the East Service Drive-Hamilton and Woodward are 
quite similar. Also, the progression on McNichols is quite similar to 
that on West Grand Boulevard. 

The network signal retiming system which was adopted made use of the 
City of Detroit progression system on Woodward from West Grand Boulevard 
north through Tennyson. Some of the offsets were adjusted to accomplish 
improved progression in both directions. No adjustments were made in the 
cycle splits on West Grand Boulevard. 

Second Avenue is a one-way street northbound and the signal timing on 
this street was changed in order to compensate for the change in the off
sets on West Grand Boulevard due to the progression system which was initi
ated there. In addition, a greater amount of green time was given to the 
northbound direction on Second by adjustment in the cycle splits, and all 
of the signals on Second Avenue were put on a 70-second cycle so that the 
total progression system extends from West Grand Boulevard through McNichols 
Road. Also, on the East Service Drive-Hamilton, the offsets were 
adjusted to compensate for the change in the signal progression on West 
Grand Boulevard and some of the cycle splits were also changed to favor the 
northbound direction and a progression system was placed into effect between 
West Grand Boulevard and McNichols Road. 
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Area Included in the Corridor Signal Retiming Systems. 
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C = 70 SEC. 
V=30MPH. 

BANDWIDTH E.B. = I 6 SEC. 
BANDWIDTH WB.= 8.5 SEC. 

C=70SEC. 
V=30MPH 

BANDWIDTH E.B. = 21.5 SEC. 
BANDWIDTH W.B. = 13 SEC. 

Figure B-9. Three-Dimensional Time-Space Diagram Used to Develop 
the Network Signal Retiming Plan. 
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VI. TECHNIQUES USED IN THE EVALUATION OF THE EFFECTS OF 

CONTROL CHANGES IN NETWORK OPERATION 

EVALUATION OF CHANGES IN THE FREEWAY OPERATION 

Three types of traffic analyses were performed on the freeway for the 
purpose of evaluating changes in freeway operation. The most important 
analysis technique was the input-output analysis which has been previously 
described. These input-output analyses were performed each week-day 
on the northbound Lodge Freeway, although because of weather and some 
operational problems not all of the data was usable. The most likely 
estimate of each of the figures of merit under each control condition 
as well as the standard deviation of each was obtained, thereby making 
possible the testing of statistical hypotheses regarding Freeway operation 
under the two control conditions. 

The moving vehicle method of data collection was used, and each 
afternoon during the peak period a vehicle was driven on the Freeway to 
obtain speed, travel time and acceleration noise data. Only the travel 
time data were used in the evaluation of the effects of the controls. 

In addition to the other study techniques, aerial photographs were 
obtained periodically to determine the number of vehicles on the freeway 
as a function of time which in turn yields the total travel time on the 
freeway and other operational information relating to density. The aerial 
photographs were also used to study the queues at the ramp signals and 
to determine the delay at these signals. 

NODE AND LINK CODING FOR NETWORK INFORMATION SYSTEM 

The evaluation of the effects of· the ramp controls on the network 
operation required measurements obtained in a very large system. Also, 
several types of data were obtained on each of the various segments of 
the overall system. Because of these considerations, it was necessary 
to design a network information system which would allow the easy and 
consistent use of the data which were collected. 

For the purposes of cataloging the data and assuring that the data 
from various analysis techniques were comparable, the entire network was 
coded so that each node and link had a number. This was accomplished by 
assigning a number of each of the nodes in the system and each of the 
directional links was thereby uniquely defined by the numbers of the 
nodes at either end of the link. Figure B-10 shows the node and link 
coding ·for the network information system-, which was used in the analysis 
of the afternoon traffic system. The directional links shown in Figure B-10 
are those that were included in the analyses of this network. 

EVALUATION OF CHANGES IN TRAFFIC OPERATION IN AN ARTERIAL STREET NETWORK 

The system analysis technique which was the primary method used in 
the evaluation of the operational changes in the network involved the 
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Figure B-10. Node-Link Coding Used in Network Information System. 
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use of aerial photography and a volume sampling procedure on the links 
in the network. The aerial photography was used to determine the number 
of vehicles on each link of the system as a function of time which was 
then translated to the total travel time on each link in a given time 
period. This was done on a sampling basis and several days were required 
to obtain adequate samples in the entire network. 

The six-minute sampling procedure (14) was also used to determine the 
volumes on each of the links. By collecting data over a time period of 
many days under a given operational or control condition, it was possible to 
determine the average values of total travel time in the system, the total 
travel in the system, and the variance of each(_~).* From these measures it 
was possible then to determine the average speed in the system, and the 
kinetic energy in the system, as well as for each of the links in the 
system(_~). Since these figures of merit were the same as those which 
were obtained on the Freeway a total system evaluation was possible 
and it was possible to test several statistical hypotheses regarding the 
effect of the ramp control system on traffic operation in the freeway corridor. 

An instrumented vehicle was used to collect data on t11e links in the 
arterial street system. The data collected included speed, travel time 
and acceleration noise on each of the links in the system. In the analyses 
presented in this report, travel time is the primary figure of merit. 

*These network analysis procedures were developed on NCHRP Project 20-3 
by the Texas Transportation Institute, although some elements of the 
procedures have been used by others in the past. 
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VII. EVALUATION OF THE EFFECTS OF THE CONTROL SYSTEM 

ON FREEWAY OPERATION 

A great deal of data has been collected to evaluate thoroughly the effect 
of the ramp control system on corridor operation. While the systems approach 
to the study yielded measures of effectiveness for the entire corridor, the 
Lodge Freeway itself is of major concern since the effects of the control 
would be expected to be greatest on the Freeway. The results presented here
in were obtained primarily from the input-output studies described earlier 
although the results of the moving vehicle studies and aerial photographic 
data are also presented. The following paragraphs discuss the study plan, 
including the scheduling and data collection, and the results. 

STUDY PLAN 

In the original project schedule for NCHRP Project 20-3 it was anticipa
ted that the spring months of 1967 would be used to develop control plans 
and to evaluate the National Proving Ground Traffic Control System. The 
sununer months were to be used for the evaluation of the ramp-control system. 
Data collected in the month of June was to be the data base for evaluation, 
or "before" studies, and July and August would be used to collect data for 
the evaluation, or "after" studies. 

In the interest of increasing the sample sizes for this comparison the 
possibility of including the data from the months of April and May in the 
before period was investigated. To assure that the traffic pattern had not 
changed significantly between spring and summer, statistical analyses were 
performed. Total travel was used to measure the changes in the traffic 
pattern since total travel is a measure of the demand placed on the system. 
The results of the analyses showed that the traffic pattern had not changed 
significantly, so the before period was expanded to include mid April through 
June. 

The after period, July and August, was disrupted by the civil disturb
ances in Detroit during the last week of July. A two-week period was allowed 
following the civil disturbances for the traffic pattern to restabilize. The 
study area (shown in Figure B-2) was one of the areas most severely affected by 
those disorders. 

The entrance ramp c-0ntrol system was placed into effect on July 6, 1967. 
On the preceding day, motorists were stopped at the eight controlled ramps 
and handed a descriptive leaflet on the operation. This leaflet is contained 
in Appendix B-2. 

PRESENTATION OF RESULTS 

For analysis purposes the data were placed into two categories. The 
results which are presented herein represent all data collected 
on nearly all days of the study. A limited amount of data was discarded from 
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these analyses because of reduced capacity occurrences, data errors, or other 
reasons. These data were used in the analyses because this procedure in
creased the sample sizes. The second category involved data which were more 
thoroughly screened. Data in this category had a lower error tolerance and 
included no data on days in which there were any reduced capacity incidents 
which affected the traffic operation. The purpose of the analysis of these 
data was to provide a consistency check with the data which were used in the 
primary analyses. 

INPUT-OUTPUT STUDY RESULTS 

1. Freeway System Input Volumes (I) 

One measure of effectiveness of a freeway control system is the total 
volume of traffic processed in the controlled portion of the Freeway during 
the control period. The total system input volume, which is the sum of all 
the entrance ramp volumes plus the volume at the Freeway input station at 
Spruce, was used for this purpose. The total system input volume is shown 
plotted in cumulative form in Figure B-11 for the two control conditions. 
From this figure it can be seen that the initiation of the ramp metering 
system did not produce any substantial changes in the volumes entering the 
Freeway system although the input volumes when the metering was in effect 
were somewhat lower than the normal input volumes. 

A statistical analysis was performed to determine whether the change in 
input volume was statistically significant. The hypothesis that was tested 
at the 95% significance level was that the mean input volume before the ramp 
metering system was put into effect equaled the mean input volume with the 
ramp control system in effect for each half-hour period. The input volumes 
that were used for those obtained from 2:30 to 6:30 P.M. on several days in 
both the before and after situations. Before the ramp controls were initiated 
the total input to the Freeway from 2:30 - 6:30 P.M. was 43,550 vehicles and 
it decreased to 42,700 when the ramp metering system was initiated. The 
hypothesis of equality of means was accepted using the "t" statistic, indi
cating that the differences in the input volumes on the two control systems 
was not statistically significant for any of the time periods. 

2. Volumes in the Control Area 

Table B-1 shows the volumes at specific inputs to the control area. In
cluded are the volumes on the eight control entrance ramps and the Freeway 
volume at Holden, which is just upstream from the first control ramp. (The 
Freeway volume at Holden is not the Freeway input volume which was used in 
the previous analysis). As Table B-1 indicates, the ramp volumes were reduced 
substantially at West Grand Boulevard, Seward, Chicago, and Linwood, apparent
ly due to the delays caused by the queueing at the signals at these points. 
The volumes at the Davison ramp and both Livernois ramps increased when the 
ramp controls were put into effect, no doubt reflecting the diversion ·to 
these ramps from some of the more severely controlled ramps. Considering all 
eight of the controlled ramps, there was about a 5% decrease in the volume 
of the controlled ramps when the metering system was put into effect. The 
Freeway volume at Holden, which is just upstream of the control section, 
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Figure B-11. Average Cumulative Input to the Northbound Lodge Freeway 
During the Afternoon Peak Period Before and During the 
Ramp Control System Operation. 
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LOCATION 

W. Grand 
I 

Seward 

Chicago 

Webb 

Davison 

Linwood 

Livernois (NB) 

Livernois (SB) 

Total Entrance 
Ramp Volume 

Freeway at 
Holden 

Net Change 

I 

APPENDIX TABLE B-1 

AVERAGE RAMP VOLUMES AND UPSTREAM 
VOLUME BEFORE AND WITH RAMP CONTROL 

TIME 2:30-6:30 P.M. 

VOLUMES 
Before Ram1 With Ramp 
Control Control DIFFERENCE 

(N,= 27 davs) ~ (N = 13 davs) 

4215 3755 -460 

1442 1233 -209 

1394 948 -446 

736 715 - 21 

2921 3017 + 96 

1565 1428 -137 

882 1200 +318 

283 453 I +170 

13,438 12,749 -689 

I 

20,736 20,474 -262 

-- -- -951 
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decreased by about 250 vehicles, or about 1% during the days in which the 
ramp metering system was operated. 

3. Total Travel on the Freeway System (TT) 

Another measure of the effectiveness of ramp control system was the 
total travel on the Freeway between Spruce and Meyers, that is to say, on 
the entire 8.3 mile northbound Freeway system. The total travel is measured 
in vehicle miles and was obtained by summing the volume on each link (between 
any pair of ramps) multiplied by the distance between ramps. This measure 
of effectiveness was one of the outputs of the input-output analysis and was 
obtained each day (See Appendix B-1). 

Figure B-12 shows the number of vehicle miles of travel in the Freeway 
system with and without the ramp controls. Until 4:00 p.m., the total travel 
with the ramp controls in effect was less than the corresponding travel be
fore the ramp control system was initiated. This reflects the diversion of 
vehicles from the entrance ramps which were controlled. After 4:00 p.m. 
however, the total travel on the Freeway was greater with the ramp control 
system in effect. This increased travel after 4:00 p.m. reflects the improved 
operation on the freeway, namely the reduction in the amount of queueing or 
congestion on the Freeway. From 2:30-6:30 P.M. the total travel on the north
bound Lodge Freeway was 154,200 vehicl~ miles before metering and was 154,700 
vehicle miles with the metering system in effect. 

4. Storage on the Freeway 

Density is one good and commonly used indicator of traffic operations. 
It is certainly a good measure of the amount of congestion in a given system. 
For a given system, the number of vehicles within the system or storage is 
an equivalent measure to density. Figure B-13 shows the storage on the Free
way from Spruce to Meyers plotted versus time for the two control conditions. 
It can clearly be seen from Figure B-13 that the average density on the Free
way was much lower with the ramp control system in operation than it was with 
no controls. At 5:30 P.M., the time of the worst congestion, there were 
approximately 400 fewer vehicles on the Freeway with the ramp controls, than 
in the no-control condition. 

5. Total Travel Time on the Freeway (TTT) 

The total travel time in vehicle hours was obtained for each half-hour 
period for both control conditions by integrating the appropriate storage
time function. The total travel times are presented in bar chart form in 
Figure B-13. In each half-hour period the bar chart on the left represent the 
total travel time before the ramp controls were begun and the bar chart on 
the right represents the average total travel time with the ramp controls in 
operation. 

In each of the eight half-hour periods, the total travel time was less 
when the ramp controls were in operation. For the entire period from 2:30 
to 6:30 the total travel time on the northbound Lodge Freeway was reduced 
from 5660·vehicle hours to 4300 vehicle hours during an average afternoon 
peak period. 
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6. Delay on the Freewax (D) 

The input-output analysis yielded the delay of the traffic on the north
bound Lodge Freeway (see Appendix B-1). It was assumed that delay occurred to 
the traffic stream when the average speed fell below 40 miles per hour. The 
delay, as defined in this analysis, equals the total travel time minus the 
total travel time if the average traffic stream speed had been 40 mph, if this 
is greater than zero. Stated mathematically: 

D = TTT - TT/40 or 0, whichever is greater where D is the 
delay in a time period, 
TTT is the total travel time in the time period and TT is 
the total travel in the time period. 

In any time period, a portion of the total travel time may represent de
lay. In Figure B-13 the small bar charts within the total travel time bar 
charts represent delay, again with the left bar charts representing the delay 
with no control and the right bar chart representing delay with the ramp con
trol system in operation. 

The delays were consistently lower with the ramp control system in ef
fect. From 2:30 to 6:30 the delay without ramp control was 1720 vehicle hours 
and with the ramp control this delay was reduced to 780 vehicle hours. 

7. Average Speed on the Freeway 

Figure B-14 shows the space mean speed in the entire freeway systen from 
Spruce to Meyers. The space mean speed for any time period is merely the 
total travel in vehicle miles during the period divided by the total travel 
time in vehicle hours, or Us = TT/TTT. It can be seen in Figure B-14 that the 
space mean speed with the ramp controls in effect is consistently higher than 
before the ramp controls were put into effect. 

8. Kinetic Energy on the Freeway 

As discussed in Reference 7, the kinetic energy of a traffic system can 
be taken to be KE= TT2/TTT. The kinetic energy in the freeway system is 
shown plotted in Figure B-15 for each of the half-hour time periods under the 
two control conditions. One can note that the kinetic energy tends to de
crease as the congestion builds up on the freeway and, correspondingly, the 
kinetic energy is lowest from about 5:30 to 6:00. One will also note that 
with the ramp controls in effect, the kinetic energy was consistently higher 
than it was during the corresponding time period without the ramp controls. 

9. Summary of the Input-Output Stufties 

Table -2 presents a summary of the results of the input-output studies on 
the northbound Lodge Freeway from 2:30 to 6:30 P.M. The total travel time 
(TTT) and delay (D) figures have been altered to account for the delay at the 
ramp signals which will be described in the next section. 
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SYMBOL 

I Total 

TT Total 

TTT Total 

APPENDIX TABLE B-2 

SUMMARY OF INPUT-OUTPUT DATA ON THE 
NORTHBOUND LODGE FREEWAY FROM 2:30 TO 6:30 P.M. 

MEASURE OF CONTROL CONDITION 
EFFECTIVENESS No Metering With Metering 

Input-vehicles 43,550 42,700 

Travel-vehicle miles 154,200 154,700 

Travel Time-vehicle 5,660 4,400I 
hours 

I D 1 Delay-vehicle hours 1, 720 880I 

U =TT/TTT Average Speed-mph 27.3 35.2 I s 

DIFFERENCE 

- 850* 

+ 500** 

-1260* 

- 840* 

+ 7. 9*,'<* 

KE=(TT) 2/TTT Kinetic 6 6 i 
Energy-veh. 4.2lxl0 5.45xl0 +L 24xl0

6*** I . . /h 2 mi. r. 
i 1 I 

*Statistically significant at the 95% confidence level. 
**Difference not statistically significant at the 95% confidence level. 

***Statistical tests not performed. 
I Includes delay ar ramp queues. 

This table reflects quite clearly the improvement in traffic operation 
on the northbound Lodge Freeway when the ramp metering system was put into 
effect. The quality of flow as measured by the total travel time, delay, 
average speed and kinetic energy was greatly improved while the quantity of 
flow as measured in total travel (vehicle miles) remained essentially un
changed. The reduction in travel time was about 22%, the reduction in delay 
was about 49% and the average speed increased by about 29% on the Freeway 
when the ramp metering system was initiated. About 850 vehicles apparently 
were diverted from the Freeway to the arterial street system by the ramp 
metering system. 

10. Unit Analysis of Freeway Input-Output Data 

Some interesting observations can be made by putting the input-output 
measures of effectiveness on a unit basis, the unit being either an entering 
vehicle or a vehicle mile of travel. Appendix Table B-3 presents these data 
on a unit basis. 

i 

The total travel time divided by the total entering volume (input) is 
the average travel time of each vehicle while it is in the study section and 
can be found from the relationship tI = 60 TTT/I, where TTT is the total 
time and I is the total input volume. The value of tI with no control was 
7.79 minutes and the corresponding value with control was 6.18 minutes. Thus, 
on the average, each vehicle entering the freeway in the study section would 
expect to spend 1.61 minutes less in the study section with the ramp controls 
in effect. 
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APPENDIX TABLE B-3 

UNIT ANALYSIS OF FREEWAY SYSTEM DATA 

SYMBOL MEASURE OF I CONTROL CONDITION 
EFFECTIVENESS No Metering With Metering DIFFERENCE . 

- 60 TTT/I tI = Travel time per 
entering vehicle-
minutes 7.79 6.18 -1.61 

- 60 D/I dI = Delay per entering 
vehicle-minutes 2.37 1.24 -1.13 

-
60 TTT/TT t = Unit travel time-

vm minutes/vehicle mile 2.20 1. 71 -0.49 

- 60 D/TT Unit delay-minutes/ I d = ! vm vehicle mile 0.67 0.34 -0.33 

I= TT/I Average trip length 
in section-miles 3.54 3.62 +0.08 

- i 
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Similarly, the delay per entering vehicle can be found and is dI = 60 D/I, 
where D is the total delay and I is the total input volume. With no control 
the average delay was 2.37 minutes and this value decreased to 1.24 minutes 
during the ramp control period. Thus, each vehicle entering the Freeway in 
the study section could expect to be delayed 1.13 minutes less, on the 
average, with the ramp controls in effect. 

The average travel time per vehicle mile of travel in the study section 
is t 60 TTT/TT, wh~re TTT is the total travel time and TT is the total 
travrr. The value of tvm equaled 2.20 vehicle minutes per vehicle mile with 
no control and decreased to 1.71 minutes per vehicle mile with ramp control. 
Therefore, a vehicle using the Freeway with the ramp controls in effect would 
expect to save about one-half a minute for each mile traveled. 

When delay is put on a vehicle mile basis the corresponding values of 
d without ramp control and with ramp control are 0.67 and 0.34 minutes 
o£111delay per vehicle mile. This represents about a third of a minute per 
vehicle mile less delay with the ramp controls in effect. 

The average trip length, l = TT/I, was essentially unchanged by the 
ramp controls. This measure represents the average length of trip while it 
is in the study section and does not reflect the average trip length on the 
Freeway. 

DELAY AT THE RAMP SIGNALS 

When traffic signals are placed on freeway entrance ramps for the pur
pose of limiting the input to the freeway, queues tend to form at the signals. 
In a total system analysis it is necessary to account for the delay at these 
signals. 

Table B-4 contains the delay at each of the entrance ramp-signals and in 
another location that represented a queueing area. These delays were ob
tained from the aerial photographs which were taken to evaluate the arterial 
street operation. 

APPENDIX TABLE B-4 

DELAYS IN QUEUES CAUSED BY THE RAMP SIGNALS 

LOCATION 
West Grand Blvd. Entrance Ramp 
Seward Entrance Ramp 
Chicago Entrance Ramp 
Webb Entrance Ramp 
Davison Entrance Ramp 
Linwood Entrance Ramp 
Livernois Loop Entrance Ramp 
Livernois Direct Entrance Ramp 
Other Locations 

TOTAL 
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DELAY-VEHICLE HOURS 
17.3 
31.0 
17.3 
5.6 
7.3 

15.2 
6.6 
4.8 
2.9 

108.0 



From this analysis it is apparent that the greatest queueing delays 
occur at the Seward, West Grand Boulevard, Chicago and Linwood entrance 
ramps. The total delay due to queueing at the ramp signals is 108 vehicle 
hours, considerably less than the reduction in total travel time and delay 
on the Freeway. 

MOVING VEHICLE DATA 

During the course of the evaluation of the effects of the ramp control 
system on the Freeway operation, a moving vehicle was driven through the 
system to provide data on individual vehicle operation. Table B-5 contains a 
summary of the travel time data for the 8.3 mile section from Grand River 
to Meyers on the northbound Lodge Freeway. 

It can be seen in Table B-5 that for each of the seven half hour periods 
(excluding 5:30-6:00) the mean travel time was less when the ramp controls 
were in effect. Four of the seven differences are statistically significant 
A two-sided "t" test with a 95% confidence limit was used for the statistical 
tests. These data support the input-output data and suggest that the ramp 
controls did, indeed, improve Freeway operation. 

Time Period 

2:30 - 3:00 

3:00 - 3:30 

3:30 - 4:00 

4:00 - 4:30 

4:30 - 5:00 

5:00 - 5:30 

5:30 - 6:--

6:00 - 6:30 

APPENDIX TABLE B-5 

NORTHBOUND FREEWAY TRAVEL TIME DATA FROM 
GRAND RIVER TO MEYERS ROAD 

CONTROL CONDITION 
No Metering With Metering 

- -x s n y sv x x 
14.2 min. 3.9 min. 5 11.3 min. 15. min. 

13.9 17. 13 12.4 2.3 

16.8 4.7 13 13.2 1.4 

16.7 3.1 17 13.3 2.4 

19.0 3.2 14 16.6 3.7 

24.3 4.1 9 19.3 3.9 

-- -- 0 17.0 3.4 

20.6 4.5 9 15.0 5.3 

*DiffeE_ences are significant at the 95% confidence level. 
H : X = Y 

0 
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- -
nv y - x 

17 -2.9 min. 

14 -1.5* 

11 -3.6* 

14 -3.4* 

13 .:.2.4 · 

16 -5.0* 
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3 -5.6 



VIII. EVALUATION OF THE EFFECTS OF THE CONTROL 

SYSTEM ON CORRIDOR OPERATION 

The data on the arterial street system operation were collected 
by manual volume counts (to obtain total travel in vehicle miles) and 
by aerial photography (to obtain total travel time in vehicle hours). 
The procedures have been discussed earlier in the report. 

Data were collected for the "before" studies during April, May 
and June. Data were collected for the "after" studies during July and 
August. In the July and August period, data were not collected during 
the stabilization period following the implementation of the ramp 
controls nor during a two-week period during and innnediately following 
the "civil disturbances" in July. Consequently, some of the sample 
sizes are fairly small. 

TOTAL FREEWAY CORRIDOR 

Table B-6' presents a summary of the effects of ramp control system 
on the arterial street system in the Freeway corridor (as shown in Appendix 
Figure B-£. The sample sizes given are approximate since the number of 
aerial photographic studies and volume studies were different for the 
different links in the system. 

APPENDIX TABLE B-6 

SUMMARY OF THE EFFECTS OF THE RAMP CONTROL SYSTEM 
ON THE OPERATION OF THE ARTERIAL STREETS IN THE CORRIDOR 

CONTROL CONDITION 
Measure of No Meterin2 With Meterin2 

DIFFERENCES 
Effectiveness Y'-x x sx nx y Sy ny 

Total Travel - 135,500 2,200 12 133,650 1,070 6 -1,850* 
vehicle miles veh-mi. 

Total Travel Time 7,368 258 3 7,119 382 6 + 249 
vehicle hours veh-hr. 

Average Speed-mph 1804 18.8 + Oo4 IJIPh 

* Statistically significant at the 95% confidence level. 

It can be seen from Table B-frthattheoperation on the arterial 
street system remained essentially unchanged - with a slight improvement 
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in operation if any real change was effectede No severe deterioration 
of operation in the corridor accompanied the implementation of the 
ramp controls and the subsequent diversion of about 850 vehicles to the 
arterial street system. 

The total travel decreased (significantly) by 1,850 vehicle miles 
after the ramp metering system was initiated and the total travel time 
decreased (not significantly) by 249 vehicle hours. Before ramp con
trols the average speed on the arterial streets was 18.3 mph (total 
travel divided by total travel time) and was 18.2 mph with the ramp 
controls in effect. 

STREETS INCLUDED IN THE SIGNAL RETIMING SYSTEM 

.. Figure B-,8 shows the portion of the corridor which was included in 
the signal retiming systemo The major streets in this limited system 
are Woodward, Second, Hamilton (and the East Service Drive), West 
Grand Boulevard, and McNichols. The operation of this limited system 
was analyzed apart from the rest of the corridor to determine the 
effect of retiming the signals in this area. 

Table B-7 presents a summary of the operation on the streets in
cluded in the signal retiming system (the limited system). After 
signal retiming, the total travel was 2,100 vehicle miles less, and the 
total travel time was 237 vehicle hours less. The average speed 
increased from 22.1 to 22.9 miles per hour. 

APPENDIX TABLE B-7 

SUMMARY OF THE OPERATION IN THE LIMITED STREET SYSTEM 
BEFORE AND AFTER THE SIGNAL RETIMING SYSTEM 

MEASURE OF CONTROL CONDITION 
EFFECTIVENESS Old System Signals Retimed DIFFERENCES 

Total Travel -
vehicle miles 94,750 92,650 - 2,100 

Total Travel Time 
vehicle hours 4282.0 4045.0 - 237.0 

Average Speed -
miles per hour 22.1 22.9 + 0.8 

The decrease in total travel time in the limited system was caused 
by a) the decrease in total travel, and b) the increase in average 
speed. If it is assumed that the change in average speed was a function 
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of the modifications to the signal system operation and was not a 
function of the change in total travel, which is probably a reasonable 
assumption, it is possible to estimate the reduction in total travel 
time due to the signal timing changes alone. If the total travel had 
remained constant at 94,750 vehicle miles through the signal timing 
change and if the average speed increased from 22.1 to 22.9 mph, the 
total travel time would have decreased from 4282 to 4135 vehicle hours. 
Thus, the signal timing changes appear to have resulted in a decrease 
of 147 vehicle hours of total travel time per day. 
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rx.. CONCLUSIONS 

Any conclusions on the results of a freeway ramp metering control 
system are a function of the traffic pattern, the extent of the con
gestion before control, and the street and freeway system near the 
control area. With this in mind, the following conclusions are offered 
on the evaluation of the effectiveness of the ramp control system on 
the Lodge Freeway traffic operation: 

1. Traffic operation on the Freeway in the four-hour peak period 
was substanitally improved when the control system was 
implemented and this is evidenced by the following statistics: 

a. the total input to the Freeway was decreased by about 2%; 
be the total travel on the Freeway was not changed by the 

controls; 
c. the total travel time on the Freeway was about 22% (about 

1260 vehicle-hours) less during the control periode Thus, 
the amount of travel on the Freeway remained about the 
same but was much more efficient~ Using 250 peak periods 
of operation per year~ the resulting total annual travel 
time savings is 315j000 vehicle hours; 

d. average speed and kinetic energy on the Freeway were both 
substantially higher during the control condition; and 

e, delay on the Freeway was reduced significantly when the 
ramp controls were in effect. 

2. The operation of the arterial streets in the Freeway corridor 
was improved somewhat even though about 850 vehicles diverted 
from the Freeway to the street system. The retiming of the 
traffic signals in a portion of the Freeway corridor in 
anticipation of this diverted traffic appeared to be primarily 
responsible for the improvement in operation on the street 
system. 

3e Based on the successful application of the concept of freeway 
ramp control on the Lodge Freeway, as well as earlier applica
tions in Houston and Chicago 8 it would appear that freeway 
entrance ramp control is ready to be accepted by operational 
agencies as a traffic operational device, just as other traffic 
control devices are considered at the present time. 

4. When a freeway ramp control plan is being developed, it is 
necessary to consider the freeway and the corridor area as 
an integral system. This same traffic system should also be 
considered in the evaluation of a control system. 
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SAMPLE rnPUT-OUTPOT DATA 

IAY NU IW:BER 78 SIGNALS QF'F" SYSTEM NIJMBE R 2 

HILDEN TO CALVERT-•S MINUTE V8LUMES 

Tl~ HOLC MILIN BLVC> SE~'D CLAR HAMT CHIC CALV 
ENIHNG AVE 8FF QN IN GFF 9FF' ON AVE 

1 420 447 67 1& 16 ~6 33 3? 445 
1425 il10 61 84 17 3il 38 20 A il6 
1430 506 70 11 18 29 31 32 .tJ79 
1Ll35 508 76 Bil 19 2 LI 27 33 Ll88 
li140 A8 ii 55 108 1 7 16 37 25 471 
lL145 A6A 68 93 19 28 SS 18 .i.'168 
1450 514 A6 103 21 30 40 19 498 
1455 A69 63 Bl 20 28 .ti3 22 502 
1500 452 46 81 28 2A 28 30 "451 
1505 Ll32 "44 l 0 1 25 31 38 18 LJ75 
1510 488 53 11 7 22 26 so 26 Ll59 
1515 502 59 10 A 3,d 26 51 ?8 477 
l 520 453 SA 86 25 31 A9 29 .IJ.61 

1525 Ll6A 52 80 25 29 57 3f.. 460 

1530 LI~ 5 50 94 37 '? 7 47 30 .451 
1535 A61 56 96 30 '?O 74 31 LI? 4 

1540 496 62 1 1 5 34 20 A8 :?3 420 
l 5L15 A~~ 61 98 33 28 55 35 490 
1550 439 67 95 32 21 45 16 A10 
1555 466 63 94 19 22 AA 38 A22 
1600 LJ '? f, 72 79 _25. 21 7() 30 365 
1605 LJ07 53 79 21 ?? St 3A 467 
1610 LJ6LI 83 103 37 21 56 23 4A6 
1615 LJ LJ2 87 101 39 l 8 55 21 Ll63 
1620 401 72 103 29 13 LIO 38 51? 
1625 LJ76 62 76 29 12 46 33 505 
1630 LI(; LJ 70 85 3 1 18 51 35 489 
1635 463 41 105 4LI 1 5 58 37 A65 
16AO A68 60 1 1 1 43 l 5 54 40 LISS 

1645 LJ 13 60 85 37 1 1 5.ti Ll3 483 
165() Ll42 59 76 52 1 A 73 33 452 
1655 A39 60 1 1 5 33 13 57 36 A54 
1 700 LJ3 6 75 l 01 36 1 5 52 28 A6J 
170 5 LI 1 3 72 107 A3 1 6 64 28 Ll52 
1710 Ll36 65 88 LI 5 10 61 Lf 6 399 
1 71 5 387 77 1 10 37 10 63 2R 369 
1720 LJO LJ 7 A 73 39 1 3 6A LIO 354 
1725 331 Ll9 94 ?9 ?.O 6R 3? 4()3 
1730 3?? 7 LJ 75 ~ 1 5 68 29 381 
1735 L:08 62 97 32 1 7 63 32 378 
17LJ() 358 63 80 35 19 7 1 ~5 3 LJ7 
17A5 J5LI 55 89 25 1 Ll 72 ~8 3 7 f-
1750 315 57 71 1 7 24 75 32 365 
1755 353 70 57 ~2 l 9 78 20 381 
1800 3 S?. 29 60 11 18 77 27 3 f.9 
}8('15 336 18 61 26 30 65 19 355 
1810 373 29 7.IJ 2A 27 67 22 391 
1815 383 22 73 24 21 59 10 429 
1820 381 35 66 25 1 5 36 15 4412 
1825 389 20 82 18 1 6 24 21 437 
1830 LJ05 29 54 13 14 24 21 Li39 



DAY i\l1Ji"i8ER 78 SIGNALS Ol'F' SYSTEM NUMBER 3 

CPLV~RT TG GLENDALE --5 MI NUTE VOLUMES 

TI .''iE CALV WEBB WEE~B GLEN GLEN 
ENDL'JG ~WE Orr GN LJFF AVE 

l Ll?() L•L! 5 30 ?1 I Ll A10 
1 LI?~ AL!(-. 1 6 9 J 6 Lt 51 
1A30 A19 19 t ii ?t Ll60 

lA35 il88 2~ ~o 16 ..Q6 l 
1 ili!O i!71 23 13 19 A37 
l .:'JA5 A68 20 13 18 Ll80 
1Li50. Ll98 21 10 9 Ll77 
JASS 502' ?7 1 LI 19 453 
1500 LIS 1 31 10 1 5 399 
1505 Ll75 26 12 15 Ll73 
1510 Li59 21 21 15 A72 
15 }5 Li77 l 7 13 1 7 526 
1520 L! 6 7 18 1 5 1 L! L!1A 

1525 L!60 26 15 13 520 
153(1 .!151 1 1 2A 1 (\ 5LI l 
1535 47LI 10 1 7 16 460 
lSLn .t12C 7 17 6 -455 
1 5Ll5 -490 1 1 21 9 Ll76 
155(1 Ll70 8 12 1 1 46 l 
155~ Ll?2 12 0 7 315 
l 6Qn 365 13 1 1 1 1 397 

1 605 Ll67 12 1 5 8 564 
1~10 L1L16 15 9 7 50A 
1 f, 1 5 A63 1 t R 10 SA 5 
16?" 512 8 12 1 1 548 
16?~ 505 18 1 6 12 539 
16~0 Ll89 7 1?. 1~ 516 
1635 Ll65 1 LI 1 A 1 t A60 
J 6LIO LIS 5 10 t 5 6 Ll6A 

l6A5 Ll83 13 1 6 5 Ll~2 

1650 AS? 2 L! 18 A Ll';?.7 
1655 A5 LI A 1 3 1? A59 
17CC A61 10 19 8 Ll23 

1705 LJ52 12 t 1 5 506 
171 n 399 6 20 5 506 
1 71 5 369 5 23 5 A6~ 

1 720 35Ll Li 1 7 7 458 
1 7?5 403 LI 18 3 A13 

1730 381 "' 20 5 Ll15 

1735 ~1?, 9 ?6 t t 509 
171.JO 31.J 7 12 23 5 516 
1 7 LIS 376 8 1 7 LI 530 
t 1sn 365 7 1 1 n LIAS 
1755 381 6 13 LI 53? 
1800 3A9 8 8 A 575 
1R05 355 LJ 9 LJ 377 
18 1 (i 39 1 11 1 5 9 A30 
1815 Ll29 18 5 8 LI 1 7 
18?0 LI LI'? 13 9 10 Ald 

18?5 Ll3 7 19 9 tA A5R 
rn~n L•39 1 7 13 1 7 ii'? 1 
l f; ~~ :i LI 1 l 1 LI 7 18 388 
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.tJ8 () 1 12 
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453 95 
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474 75 
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A61 73 
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A6A 55 
Li8? 59 
A2 7 Ll8 
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Ll? 3 51 
506 A6 
506 32 
Ll6'? 2 5 
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Ll73 37 
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42 l 6 6 
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31 
39 
36 
36 
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67 
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6JJ. 
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33 
28 
27 
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.ti 1 
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28 
28 
~6 

35 
31 
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23 
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35 
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36 
1 9 
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15 
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22 
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36 
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35 
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26 
?6 
?O 
19 
26 
t~ 
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1 3 

9 
6 
7 

1 0 
1 l 

9 
5 
6 
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l LI 

7 
5 
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2 
5 
8 
8 
8 
~ 
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8 
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1 1 

l3 
1 t 
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10 
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1 l 
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5 
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83 
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89 
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86 
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po 
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95 
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93 
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f.9 
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c: 0 ' , 

?lP. 
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t f( 9 
'?37 
??R 
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32 Li 
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~(' 1 
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1Li1 
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39 /J 
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I Li35 
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I Liil5 
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I Li55 
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1530 
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15.liO 
.15Li5 
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1635 
I 6.lifl 
16Li5 
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7.li8 
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Li7!6 
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Li75S 
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8.38 
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879 
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5010 
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797 
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.6517 

668 
71 f, 
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7.tJl 

45S2 

783 
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771 
809 
734 
673 

.tJ590 

750 
767 
811 
794 
814 
801 
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738 
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801 
823 

.tJ753 
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768 
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8.tJ2 
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7.tJ2 
787 
BIA 
765 

4733 
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772 
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719 
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9 

16 

6 

10 
65 
A8 

4 
A 

6 
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27 
26 
.tJ5 
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39 
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16 
63 
55 
37 

16A 

?8 
42 
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60 
13 

58 

108 
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.tJ5 
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83 
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13"' 
36 
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1 

59 

98 
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3? 
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47 
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98 
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82 
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929 
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1505 
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1283 
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l-2ol 

2Li6::'1·"' 
?f..74.•7 
27 59. 7 
?7fl2ol 
?f,69·6 
?591. 3 
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79.3 

7 "'· 6 
73·6 
71 .g 
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?767o7 
?57Ro9 
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23 SR• 6 
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57.9 
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270(,. 8 
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51 • 5 
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.tJ8. 5 
45.7 
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48·9 
A9•1 
A3o? 
4?.~ 
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35.9 
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26 .9 
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607 
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·8 
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19.t 
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25 .2 
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6.tlo 7 
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36oA 
26• I 
17·9 
IO• -4 



APPENDIX B-2 

to 

APPENDIX B 





WHAT IS HAPPENING? 

A method of improving rush-hour traffic 
flow will be tested on the northbound 
John C. Lodge Freeway beginning July 6, 
1967. The results of this research will 
be used in freeway traffic engineering 
in other urban areas throughout the 
country. 

WHERE WILL THIS BE DONE? 

Traffic researchers have identified two 
maior rush-hour bottlenecks on the 
northbound Lodge. One is between 
Chicago and Webb and the other is be
tween Linwood and Livernois. The ramp 
metering program is being conducted on 
the northbound Lodge from W. Grand 
Blvd. to Livernois to alleviate this 
congestion. 

WHY IS THIS BEING DONE? 

During rush-hour traffic, demands on 
the freeway are greater than its capacity 
while nearby surface streets could be 
used to carry some of the same traffic. 
A major part of this research program is 
to seek a better balance in the use of 
travel routes in this corridor. And thus, 
create safer and smoother traffic. 

WHAT IS BEING DONE? 

Traffic signals are placed on eight 
northbound freeway entrance ramps. 
(The operation of these signals is de -
scribed in detail on the reverse side of 
this notice.) Basically, they control -
or meter - the number of vehicles enter
ing the freeway at these ramps during 
afternoon rush hours for the purpose of 
preventing an overloading of the freeway 
and the traffic jams which often extend 
for miles. 

HOW WILL THIS BE DONE? 

A computer and detectors measuring 
traffic volumes on the freeway - adjust
ing .signals to keep traffic flow at maxi
mum efficiency - meter traffic down the 
ramps. The metering rate is determined 
by the amount of traffic being carried on 
the freeway and is intended to prevent 
large numbers of cars from crowding on 

The Texas Transportation Institute, 
a branch of Texas A & M University, 
was awarded a research contract on 
December 15, 1966, to study the 
Lodge Freeway, to determine meth
ods of eliminating rush-hour con -
gestion, to put the methods into 
effect, and to test their effective
ness. The contract is sponsored by 
the American Association of State 
Highway Officials, and administered 
by the Highway Research Board of 
the National Academy of Science. 
Work is being done in co-operation 
with the Michigan Department of 
State Highways, Wayne County, the 
City of Detroit, and the City of 
Highland Park. This program is part 
of that research. 

the freeway at any one time. Under this 
metering program, drivers will not be 
stopped on the ramp for extended periods 
of time, nor will the ramps be com -
pletely closed to traffic. 

HOW WILL YOU BE AFFECTED? 

There may be a delay - a "time-toll", 
so to speak - in entering the freeway. 
However, you should be able to travel 
more safely, more smoothly and get to 
your destination more quickly. The de -
lay at any ramp will vary according to 
the number of cars trying to use that 
ramp. You may want to use an alternate 
route, such as Hamilton, Second, Wood
ward or 12th. Your co-operation will 
contribute greatly to the success of 
this research and will be greatly appre -
ciated. 

GLENDALE 

® -.4ebb 
1--+F'-.. -lllllp .. WOODLAND 

"'~ (I) 

~, 8 
z 
0 

~ 
0 
0 

~ 
"' 0 

RAMP METERING AT 
THESE LOCATIONS 

Produced by the Department Report and Information Committee, 

City of Detroit, and the Traffic Safety Association of Detroit. 

211 



STOP 
HERE 

ON 
SIGNAL ._ 

Stop for the red light at the white 
line. Normally the red signal will 
hold the first car no more than 20 
seconds. If you are the first car go
ing down the ramp, the signal will be 
red as you approach it. You are 
legally required to stop for this 
light just as you are for any similar 
traffic signal on any street. During 
the periods when metering is not in 
effect, the signal light will not be on 
and you may proceed down the ramp 
in normal fashion. 

The flashing yellow light at the top of the ramp 
indicates that ramp metering is in effect. It is in 
operation only on the northbound Lodge from 2:30 
to 6:30 p.m., Monday through Friday. When the 
flashing yellow light is on, expect to be stopped on 
the ramp at the red signal. This is a regular en -
forceable signal and you are required to stop. When 
the yellow light at the top of the ramp is not flash -
ing, there is no metering and you use the ramp in 
normal fashion. The purpose of ramp metering is to 
improve the over-all traffic flow on both the freeway 
and surface street corridor. Tie-ups on the freeway 
are the result of excessive traffic or accidents. 

Metered ramps are on the northbound Lodge at the follow
ing locations: West Grand Boulevard, Seward, Chicago, 
Webb, Davison, Linwood and Livernois (both ramps). 

' ENTRANCE RAMP 

By controlling the rate at which cars enter the 
freeway at certain locations traffic will flow more 
smoothly and generally at higher speeds, making 
freeway operations more efficient. The ramp signals 
are actuated by a computer which measures traffic 
flow from detectors along the freeway route. While 
there may be a delay on the ramp, this delay will 
be offset by quicker and faster traffic on the free
way. Improving traffic flow will enable more cars to 
travel through the system more quickly during the 
afternoon rush hours. But some drivers may want to 
seek alternate routes, such as Hamilton, Second, 
Woodward or 12th, where surface street signal 
timing has been re-set to accommodate these drivers. 

Miiiilli!i 

FREEWAY ... 

~SERVICE 
DRIVE 

When the light turns green, the first 
car should proceed and should be 
able to merge with traffic on the 
freeway. The metering rate is con -
trolled by a computer measuring 
traffic volumes. Normally the green 
will be on only long enough for one 
car ta get through, except at W. 
Grand Blvd. and Davison. Because 
the duration of the green varies, you 
are urged to keep alert and be pre
pared to stop when the Ii ght turns 
yellow, as you are at any surface 
street traffic signal. 

STOP 
HERE 

ON 
SIGNAL ._ 
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I. INTRODUCTION 

The basic objective of NCHRP Project 20-3 is to provide operating traffic 
agencies conclusions regarding the cost/effectiveness of candidate traffic con
trol and driver information systems for improving traffic flow in a freeway 
corridor. These agencies are interested primarily in operational systems as 
contrasted to research or measurement systems and the analyses presented in 
this report deal with systems which have an operational function. 

There are many types of traffic control and driver information systems which 
might be applied to improve traffic flow in a freeway corridor. These include an 
"on-freeway" control system, a ramp metering system, real-time traffic signal con
trol systems and various driver information systems in the corridor and on the . 
freeway. All of these represent investment alternatives of the operating agencies 
and must compete for the limited funds of these agencies. Hence, cost/effectiveness 
information on each of these systems is quite important. 

This report contains cost/effectiveness analyses of two types of traffic con
trol systems - the "on-freeway" traffic control system and the ramp metering con
trol system. The cost/effectiveness analyses were limited to these two types of 
systems because the activities of NCHRP Project 20-3 during 1967 included studies 
which provided a basis for estimating the effectiveness of'these systems. Esti;_ 
mates of the effectiveness of systems which were not investigated would have re
presented little more than guesses. Further information will have to be obtained 
before accurate estimates of the effectiveness of these other systems can be 
accurately determined. 

Since one of the primary purposes of a traffic control or driver information 
system in a freeway corridor is to reduce the total travel time for a given or 
fixed amount of total travel, the measure of effectiveness which was used in the 
cost/effectiveness analyses is the annual reduction in total travel time. The 
annual cost of each of the systems was determined and includes all annual main
tenaµce and operating costs and an annual equipment amortization cost. A ten
year life was assumed for all equipment arid a·4~% interest rate was used. 

The units of the effectiveness measure are vehicle hours per year and the 
cost units are dollars per year. For any system, the cost/effectiveness ratio 
is the cost required to save one vehicle hour of travel time with that system. 

There are three ways to use a cost/effectiveness study and they can be used 
independently or together. One can select systems which provide the maximum 
efficiency for a given budget amount. Another is to select systems which provide 
a given efficiency at a minimum cost. The third is to require the cost/effective
ness ratio to be below some required maximum to insure that the cost of a unit of 
effectiveness is at least as great as its worth. 

In determining costs of the candidate systems, it is necessary to make cer
tain assumptions regarding the operating environment, e.g., research or pure 
operation, type of administration, etc. Appendix Table C-1 lists the assumptions 
considered most appropriate for each type of system and these can be seen to vary 
from one system to another. 
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APPENDIX TABLE C-1 

ASSUMPTIONS MADE IN ESTIMATING ANNUAL SYSTEM OPERATING COSTS 
·-· 

"ON-FREEWAYt1 SURVEILLANCE 
& CONTROL SYSTEMS RAMP METERING SYSTEMS 

WITH CAPITAL WITHOUT CAPITAL 
COSTS' (PRESENT COSTS (CONTINUED RESEARCH AND OPERATION 

OPERATION) OPERATION) OPERATION ONLY 

Information NPG Cable Leased Leased Leased 
Transmission Phone Lines Phone Lines Phone Lir.es 

Computer Existing CDC Existing CDC Existing CDC Small Compu-
8090 Computer 8090 Computer 8090 Computer ter $40,000 

Purchase Price -· PrograrmneT 1 Full Time 1 Full Time 1 Full Time 2 Man Months 
Programmer Prograrmner Progrannner Per Year 
1 Man For Par- 1 Man for Par-

Observers tial Operation .tial Operation- 1 Man During 1 Man During 
Operators 2 Men for Com, ·z Men for Com- Ope·rating Operating 

plete Operation olete Ooeration Hours Hours 
Maintenance Present Present Present Incidental 

Maintenance Maintenance Maintenance Maintenance 
Facility Facility Facility by Separate 

Contract 
Administration Present Present Present Included in 

Appropriate 
Deot. of MDSH 

Available Computer & Computer & · Computer & None 
Research Prograrmner Prograrmner Prog'!'.'arrnner 

. Facilities Detectors TV Detectors TV Detectors 

COMPOSITE 
SYSTEMS 

Leased 
Phone Lines ·-
Small Computer 
$40,000 Purchase 

Price 
2 Man-Months 
Per Year 

1 Man During 
Operating 
Hours 
Present 
Maintenance 
Facility 

Present 

TV Only 



II. COST/EFFECTIVENESS ANALYSIS OF "ON-FREEWAY" CONTROL SYSTEMS 

CANDIDATE SYSTEMS 

In developing candidate systems for cost/effectiveness analysis of the NPG 
Operation, the four basic elements of the system are TV surveillance, lane con
trol signals, speed signals, and ramp signals and are considered independently. 
These are treated as the basic elements since they represent all of the discrete 
subsystems which could function independently and self-sufficiently in a traffic 
control system. 

If all possible combinations of these elements are considered admissable, 
a total of 16 candidate systems is generated. These systems are identified in 
Appendix Table C-2. 

Not all candidate systems could be considered practical; however there is 
a specific cost and a specific effectiveness associated with each one which 
gives rise to 16 unique points on the cost/effectiveness plane. The less fea
sible candidate systems are thus evidenced by an unfavorable cost/effectivess re
lationship. In some cases, more than one method of physically implementing a 
given candidate system exists. In the following analysis, only the alternative 
exhibiting the best ratio of cost to effectiveness is considered. 

Candidate System 1 (no surveillance or control) is a trivial case with zero cost 
and effectiveness. 

Candidate System 2 is a bare minimum system. The operation would be limited to 
the display of a message prohibiting traffic from entering specific ramps when 
conditions so dictated. In the absence of a more sophisticated detection system, 
actuation would be based on information relayed to a central point by police, 
field maintenance crews or other field personnel. 

Candi_clate System 3 involves only the overhead lane use control signals (green 
arrows, red X's) operated from a central point, again using information obtained 
from field personnel. 

Candidate System 4 represents a combination of candidate systems 2 and 3 in which 
the lane control signals and the "Don't Enter Ramp" signs are operated on the basis 
of information received from field personnel. 

Candidate Systems 5, 6, 7, 8 involve the addition of the variable speed message signs 
to candidate systems 1,2,3, & 4, respectively. The operation of these controls re
quires more complete information than field personnel could provide on an incidental 
basis. In the absence of TV surveillance (which is included in later candidate sys
tems), the computer-detector system with oscilloscope display could provide the 
operation with enough quantitative information for scientific operation of the vari
able speed signals. Operation of the other two displays would still require the 
incidental inputs from the field. 

Candidate Systems 9 thru 16 are basically duplications of systems 1 thru 8 with the 
addition of the closed circuit TV coverage as the principal source of information. 
Inputs from field personnel could still be accepted although, in most cases, they 
would be redundant. The computer-detector system and oscilloscope display could be 
used to supplement the information from the TV; however, in keeping with the stated 
practice of considering only the most cost/effective alternative. the TV surveillance 
is considered to be the sole source of information in Candidate Systems 9 trhough 16. 
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CANDIDATE 
SYSTEM 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Field. 
Field 
Field 

.. 

APPENDIX TABLE C-2 

CANDIDATE SYSTEMS FOR "ON-FREEWAY" SURVEILLANCE AND CONTROL 

INF 0 R M A T I 0 N F L 0 W 

Principal Transmission Processing 
Source. ... 

--- --- ---
Field. Reports Telephone Lines Operator 
Field Re~ports NPG Cable Operator 
Field Repor.ts NPG Cable Operator 

Dete.ctors NPG Cable Computer & Operator 
Reuorts .& Dete.ctors NPG Cable Computer & Operator 
Reports & Det.ectors NPG Cable Comuuter & Operator 
Reports & Detec.tors NPG Cable Computer & Operator 

. Television NPG Cable TV Monitors & Operator 
Television NPG Gable TV Monitors & Operator 

.. Television NPG Cable TV Monitors & Ooerator· 
Te Lev.is.ion NPG Cable TV Monitors & Operator 
T.el.evision NPG Cable TV Monitors & Operator 
Television NPG Cable TV Monitors & Operator 
Television NPG Cable TV Monitors & Operator 
Television NPG Cable TV Monitors & Operator 

DISPLAYS 

Speed Lane Ramp 
Signs Signals Signs 

x 
x 
x x 

x 
x x 
x x 
x x x 

x 
x 
x x 

x 
x x 
x x 
x x x 



COST ANALYSIS 

Appendix Table C-3 is a summary of the cost analysis and contains the annual 
cost of each candidate system. Included in the costs are the fixed cost of the 
Control Center and a supervisor, annual maintenance and operation costs, annual 
lease price of leased items and an annual amortization cost of purchased items. 
These costs are based on the present equipment design and do not necessarily re
flect the costs which would be incurred if the system were to be redesigned. The 
annual amortization cost of purchased equipment assumes a 10-year life and a 4~% 
interest rate. 

EFFECTIVENESS ANALYSIS 

Effect of Television Surveillance on Freeway Operation 

With a closed-circuit television surveillance system on a freeway, the 
response time of official aid to obstructions can be reduced by prompt detection 
and reporting of the obstructions. This section presents an estimate of the 
annual reduction in total travel time due to the television surveillance system. 
The estimate is based on an analytical model rather than on operational studies. 

1. During Peak Periods 

a. Analytical Model of the Effect of Reducing the Time Period During Which 
An Incident Blocks a Freeway 

An incident which blocks one or more freeway lanes during a peak period 
will almost certainly increase the total travel time on the Freeway. (It 
will certainly increase the total travel time if it reduces the volume past 
the incident below the normal volume there.) Consequently, a reduction in 
the amount of time during which an incident blocks the Freeway will decrease 
the total travel time on the Freeway. The model which is developed is sim
ilar in many respects to models which have been developed previously (l_,l,]). 

Appendix Figure C-1 shows the time and flow rate parameters which 
affect the amount of the time savings. The definitions are presented below 
this figure. It is assumed that any incident occuring during the peak 
period or within a time tb before the peak period can be described by this 
model. 

Th~ line Qg(t) represents the cumulative output under normal conditions 
while Qo(t) represents the cumulative input when affected by an incident. 
The line between these curves represents the cumulative output if the inci
dent is removed more quickly. 

The time at which congestion would clear when an incident blocks the 
Freeway temporarily is called t and an analytical expression for this time 
can be derived from the output gurved relationships. The lines Qg(t) and 
QE(t) intersect at tc. The equation of Qg(t) after t

6 
is: 

Qg(t) 

Similarly Oi(t) ·o 

Thus at t = t c' 

= ct + S(t-t ) for t > t 
e e e 

= ct. + y(t - t.) 
i m i 

+ a(t - t ) for t > t 
m m 

n i 
Qo(t ) = Oo(t ) c . c 
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N 
N 
N 

Candidate 
Svstem 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Computer 
& 

TV Dete.ctor 

51750 
51750 
51750 
51750 

34100 
34100 
34100 
34100 
34100 
3.4100 
34100 
34100 

APPENDIX TABLE C-3 

COST ANALYSIS OF CANDIDATE "ON-FREEWAY SYSTEMS 
(ANNUAL COSTS IN DOLLARS) 
ANNUAL C 0 S T S 

Mainte-
Speed Lane Ramp Control nance 

Cabl.e. _ Signals Siirnals. _ Si2:nals Panel Facility 
- -

500 - 1100 1000 
22500. 4150 6140 17500 
225.00. 4150 1100 6140 17500 
22500 ' - 4350 6140 17500 
22500 - 4350. - 1100 6140 17500 
2.2500 4350 .4150 6140 17500 
22500 4350 4150 1100 6140 17500 
22500 
.2.2500 1100 
22500 - 4150 6140 17500 
22500 4150 1100 6140 17500 
22500 4350 6140 17500 
22500 - 4350 1100 6140 17500 
22500 4350 4150 6140 17500 
22500 4350 4150 1100 6140 17500 

Adminis- Total 
Opera- tration Annual 
tors & Office Cost 

0 
12000 20,000 14600 
12000 20~000 82290 
12000 20' 000 - 83390 
12000 20,000 134240 
12000 20,000 135340 
12000 20,000 138390 
12000 20,000 139490 
12000 20,000 88600 I 
12000 _20,000 89700 
12000 20,000 116390 
12000 20,000 117490 
12000 20,000 116590 
12000 20,000 117690 
24000 20,000 132740 

( 
! 

24000 20,000 133840 
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Figure C-1. Effect of Reducing the Time During Which an Incident 
Blocks a Freeway. 

Definitions 
QI(t) 

Q (t) 
0 

S(t) 

~(t) 
0 

~(t) 
0 

q (t) 
0 

Cumulative input volume - vehicles 

Cumulative output volume - vehicles 

Storage (number stored in the queue) - vehicles 

Normal cumulative output volume - vehicles 

Cumulative output volume when affected by an incident - vehicles 

dQo(t) = output rate - vehicles per hour 
dt 

Normal beginning time of congestion 

Normal ending time of congestion 
Time at which an incident blocks one or more freeway lanes 
Reduced freeway blockage time 
Normal time at which an incident is moved 
Normal output rate during the peak period - vehicles per hour 
Output rate while incident is blocking the freeway 
Output rate when incident is moved to shoulder 
Demand rate and output rate after tc 
Reduction in total travel time due to reduced time of freeway 
blockage 
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and ct + S(t - t ) = ct. + y(t - t.) + a(t - t ) 
e c e i m i c m 

and t = [ 1 c ---
a- '13 

] f(c-f3)t + (y - c)t. + (a - y)t ] e i m 

If the length of time during which the incident blocks the Freeway can 
be reduced by a time t , the net reduction in total travel time can be seen 
as Area A in Appendix Figure C-1. The area A can be found by the approxi
mate relationship: 

"' A= {t - t )(t )(a - y) 
c m r 

By substituting for t , 
c 

'V 
A = (t ) (a - y ) [ (c-S) t + (y - c) t. + (13 - y) t ] r e i m 

(a - f3 ) 

Now let t = t. + t where t is the length of time the incident blocks the 
m i o' o 

freeway (without the reduction time t ). 
r 

Then, "' A= (t )(a - y) [(c - S)t + (S - c)t. + (13 - y)t] r e i o 
(a - f3 ) 

b. Annual Travel Time Reduction During Peak Periods 

The model which is developed in the previous section can be used to 
estimate the reduction in total travel time which can be attributed to the 
closed circuit television surveillance system. There can be little doubt 
that a closed circuit television system can be useful in reducing the re
sponse time of official aid to obstructions on a freeway. If this earlier 
arrival of aid is translated to an earlier removal of the obstruction which 
blocks one or more freeway lanes, a reduction in travel time on the free
way will result. An improvement in safety, in the form of reduction in the 
frequency of minor accidents, would probably also be realized but this is 
not considered here. 

In calculating the average travel time savings due to the television 
surveillance system, several assumptions must be made. First, it is assumed 
that the average reduction in response time for official aid at an accident 
or an incident is 2.5 minutes. The average reduction in police response 
time to an accident was determined to be 2.5 minutes in a previous NPG re
port (4) and this same report indicated that no saving\ in average response 

- ' times to an incident was effected by the TV surveillance system. In the 
analysis presented here a more liberal value of 2.5 minutes was used for 
the reduction in response time to an incident during peak periods because 
of a change in police response procedures for freeway incidents after re
ference 4 was written. The lane blockage under analysis was assumed to 
take place at the mid-point of the peak period. Another NPG report (_~) 
presented the distribution of the length of time during which accidents 
and incidents blocked one or more Freeway lanes. The average time of lane 
blockage was 4.94 minutes fGr incidents and 6.14 minutes for accidents. 
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0~1.ly 20% of the incidents and 30% of the accidents remained on the roadway 
for more than 6 minutes. In the calculation of the average savings of 
travel time due to more prompt removal of the blockage, a normal occupancy 
time of 15 minutes is used for both accidents and incidents. 

Appendix Table C-4 presents the complete peak period analysis, in
cluding all assumptions, of the average travel time savings for each in
cident due to the earlier arrival of official aid. For accidents and in
cidents, the total travel time savings (A in Appendix Table C-4) range from 
300 vehicle hours for the three-lane section outbound to 180 vehicle hours 
for the four-lane section inbound. All parameters refer to those defined 
in the previous section. 

In estimating the total effect of the television surveillance system 
in reducing travel time due to earlier removal obstructions on the roadway, 
the average travel time saving per obstruction must be combined with the 
number of obstructions in a one year period. Only obstructions which re
ceived official aid because of the reporting of the obstruction by the TV 
observers should be considered. The log sheets of the TV observers for 
the period from July 1, 1966 to June 30, 1967 were examined and the data 
are shown in Appendix Table C-5. In determining the number of obstructions 
which occurred in the 3 and 4 lane sections, the data in Reference 5 were 
used. These data indicated that 60% of the accidents and incidents occur 
in the three-lane section. 

The annual travel time savings due to the reduced occupancy time of 
the freeway because of television surveillance during the peak period is: 

Travel Time Savings = (0.60) (136) (300) + (0.40) (136) (235) 
+ (0.60) ( 65) (240) + (0.40) ( 65) (180) 

= 51,330 vehicle hours per year 

2. During Off-Peak Periods 

a. Analytical Model of the Effect of Reducing the Time Period During Which 
An Incident Blocks a Freeway 

Since queueing occurs when one or more Freeway lanes are closed during 
the off-peak periods and in the off-peak direction during the peak periods, 
the more rapid removal of the cause of the lane closure can effect benefits 
to the motorists during these periods. May (.}_) derived a delay model for 
the condition in which the capacity of a freeway is reduced for a period 
and then allowed to return to normal during off-peak periods. Converting 
May's model to the terminology used in the peak-period model developed in 
a previous section 

D = _c_,_y __ 
2ct 

y - ct 

c - ct 

where the terms are defined for the peak-period model. The time t 0 is the 
time during which the freeway capacity is reduced. If television sur
veillance can reduce t 0 by an amount tr' the delay is: 

D = .£}:'._ 

2ct 
y - ct 

c - ct 
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t=O 

tb 

t e 

·c 

y 

0\ 
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t. 
1. 

A 
(accident 

or 
incident 

APPENDIX TABLE C-4 

ANALYSIS OF TOTAL TRAVEL TIME SAVINGS 
DUE TO EARLIER REMOVAL OF AN OBSTRUCTION 

FROM THE FREEWAY DURING PEAK PERIODS 

Outbound Peak Period Inbound Peak Period 

Lane Sef'tion /.,. .. T<>n<> ~,,.,-.t-;nn ".l-T . .gn<> c~~t--t nn /,_T ---~ C-- ... ..:--

2:00 p.m. 2:00 p.m. 6:00 a..m. 6:00 a.m. 

2:30 p.m. 2:30 p.m. 6:30 a.m. 6:30 a.m. 
(0.5 hrs) (0.5 hrs) (0.5 hrs) (0.5 hrs) 

6:30 p.m. 6:30 p.m. 9:30 a .m. 9:30 a.m. 
(4. 5 hrs) (4. 5 hrs) (3, 5 hrs) (3.5 hrs) 

6000 vph 7000 vph 6000 vph 7000 vph 

3500 vph 4500 vph 3500 vph 4500 vph 

5500 vph 7500 vph 5500 vph 7500 vph 

4500 vph 4500 vpg 4500 vph 4500 vph 

4:15 p.m. 4:15 p.m. 7:45 a.m. 7:45 a.m. 
(2.25 hrs) (2.25 hrs) 1. 75 hrs) (1. 7 5 hrs) 

300 veh.hrs. 235 veh.hrs. 240 veh.hrs. 180 veh.hrs. 
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Inbound 
(6:00-9:30 a.m.) 

Outbound 
(2:00-6:30 p.m.) 

Off Peak Period 
and Off-Peak Di-
rection 

Total 

Police Not Noti-
fied by NPG 

Police Notified 
by NPG But Ob-
struction Cleared 
Without Police 

Police Notified 
by NPG and Helped 
Remove Obstruction 

APPENDIX TABLE C-5 

NUMBER OF OBSTRUCTIONS PER YEAR 
IN THE NPG TV CONTROL AREA 

AND THE POLICE INVOLVEMENT* 

OBSTRUCTIONS RECEIVING 
OFFICIAL AID BECAUSE 

ALL OBSTRUCTIONS OF TV SURVEILLANCE 

Incidents Accidents Incidents Accidents 

156 61 41 24 

307 132 80 56 

695 264 181 106 

1158 457 302 186 

629 178 

258 94 

301 185 
(26%) (40%) 

*Source: NPG TV Observer Log Sheets from July 1, 1966 to June 30, 1967. 
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and the reduction in delay or travel time is: 

reduction 2t t 2 
Travel time = cy 'Y - a ][ t - ] . 

0 r r 
2a c - a 

b. Annual Travel Time Reduction Due to Television Surveillance During Off
Peak Periods 

Appendix Table C-6 presents the assumed values for each parameter and 
the savings in total travel time due to the earlier removal of an obstruc
tion during off-peak periods and in the off-peak direction during the peak 
period. The assumed reduction in response time to an accident and incident 
is 2.5 minutes. 

c 
y 
a 
A 

APPENDIX TABLE C-6 

ANALYSIS OF TOTAL TRAVEL TIME SAVINGS DUE TO EARLIER 
REMOVAL OF AN OBSTRUCTION FROM THE FREEWAY DURING OFF-PEAK 

PERIODS AND OFF-PEAK DIRECTION DURING PEAK PERIODS 

3-Lane Section 4-Lane Section 

4500 vph 5000 vph 
3500 vph 4500 vph 
5500 vph 7500 vph 

(accident or 55 veh.hrs. 34 veh.hrs. 
incident) 

Appendix Table C-5 indicates that 106 accidents per year during 
the off-peak period received earlier aid because of the TV system. 
Assuming that 60% occur in the three-lane section, the total travel 
time savings due to earlier removal of accidents is 

106 [ (0.60)(55) + (0.40)(34)] = 4940 vehicle hours 

In the off-peak period and the off-peak direction during the peak 
period, 181 incidents reveived official aid because of the TV surveillance 
system and the total travel time savings is 

181 [ (0.60) 55 + (0.40)(34)] = 8430 vehicle hours 

Thus, the total annual savings in travel time during the off-peak periods 
and in the off-peak direction during the peak periods due to the reduction 
of response time to obstructions is 13,370 vehicle hours per year. 

The total effect, then, of the television surveillance system in re
ducing travel time on the Freeway by reducing response time to obstructions 
is 64,700 vehicle hours per year. 
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Effect of the "Don't Enter Ramp" Signs 

The "Don't Enter Ramp" signs are intended to close the entrance ramps when 
the need arises. The effect, however, is to divert about 25% of the ramp traffic 
while the remaining 75% uses the ramp in violation of (the intent of) the signs. 
There are circumstances in which even the diversion of 25% of the traffic on cer
tain ramps can improve the overall traffic operation. Such circumstances would 
include lane closure due to maintenance operations and other traffic incidents 
which cause queueing on the Freeway. 

Presently these signs are infrequently used. The NPG staff does not main
tain records on the use of these signs but an estimate was made that they are 
used about 50 times per year in conjunction with incidents on the Freeway. Based 
on observation, this is probably not a low estimate. 

The May model (]) can be used to estimate the effect of these signals in a 
typical occurrence on the Freeway. In this model the following parameters were 
assumed: t = 45 minutes, y = 3500 mph, a = 550 vph, without the ramp signals 
c = 4900 vpR and with the ramp signals c' = 4500 vph. The effect of the "Don't 
Enter Ramp" signs was assumed to be the diversion of 400 vehicles per hour around 
the queueing situation. 

Without the operation of the signs, the delay is 2930 vehicle hours and 
with signs in operation the delay is 2680 vehicle hours. Thus, for an "average 
obstruction" the operation of the "Don't Enter Ramp" signs would be 250 vehicle 
hours based on the assumed parameters. Thus, the total annual savings in travel 
time due to the operation of the ramp control signs is 12,500 vehicle hours based 
on 50 uses per year, which is approximately the present level of usage. 

Effect of Overhead Speed Signs and Lane Control Signals 

The effect of the overhead speed control signs and the lane control signals 
was estimated in Chapter II and Appendix A. Because of various possible inter
pretations of the data a high and low estimate of the annual reduction in travel 
time due to the operation of the speed control signs were made. The high estimate 
was that the speed signs reduced the annual travel time by 91,250 vehicle hours 
while the low estimate was that an 80,750 vehicle hour increase in annual travel 
time was associated with the use of these signs. In the cost/effectiveness analy
sis, it was assumed that the speed control signs had no effect on the total travel 
time on the Lodge Freeway. 

Similarly, the analyses presented in Chapter II and Appendix A indicated that 
the lane control signals would cause no reduction in annual travel time on the Lodge 
Freeway. 

EFFECTIVENESS ANALYSIS OF CANDIDATE SYSTEMS 

The effectiveness of each surveillance and control component and each candi
date system has been estimated in terms of the annual amount of travel time re
duction in vehicle hours. There may be other benefits of these systems, such as 
an increase in safety, which are not considered. These are not included in the 
analysis because of the difficulty in making reasonable estimates of their impor
tance and because it is believed that their inclusion would not substantially 
change the results of the analysis. 
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Appendix Table C-7 presents the effectiveness of each of the surveillance and 
control elements (closed circuit television, overhead speed signs, overhead lane 
control signals and the "Don't Enter Ramp" signs). The effectiveness of the ramp 
signals in Candidate Systems 2, 4, 6 and 8 was assumed to be 6,250 vehicle hours 
of travel time savings per year. This is half of the effectiveness of this element 
in Candidate Systems 10, 12, 14 and 16 because the television is not a part of Can
didate Systems 1-8. 

Appendix Table C-8 presents the vehicle hours of travel time savings per year 
which is associated with the operation of each of the sixteen candidate systems. 
The effectiveness of the four surveillance and control elements are essentially 
independent and are treated as such in this analysis. 

APPENDIX TABLE C-7 

EFFECTIVENESS OF SURVEILLANCE AND CONTROL COMPONENTS 
WHICH WERE USED IN THE EFFECTIVENESS ANALYSIS 

(ANNUAL MOTORIST BENEFITS STATED IN VEHICLE 
HOURS OF TRAVEL TIME SAVINGS) 

Elements Candidate Systems 1-8 Candidate System 

Closed Circuit TV Not Used 65,700 

'Speed Signs 
1. High Estimate 91,250 91,250 
2. Low Estimate -80,750 I -80,750 
3. Estimate Used 0 I 0 

in Analysis 

Lane Control Signals 0 0 

"Don't Enter Ramp" signs 6,250 12,500 

I 

COST/EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

9-16 

Appendix Table C-9 summarizes the annual cost and effectiveness for each of the 
candidate systems and also presents the cost/effectiveness ratio of each. This 
same information is presented graphically in the cost-effectiveness plane in Appen
dix Figure C-2. The interpretation of the cost/effectiveness ratio for each candi
date system is that it is the minimum cost value which could be assigned to a ve
hicle hour of travel time savings in order for the system to have a benefit/cost 
ratio of one. It is, in fact, the expended cost for each vehicle hour of travel 
time saved by this system; hence, if the cost of a vehicle hour is considered to be 
less, the system is not cost/effective. 

If E is the effectiveness of a system in annual vehicle hours of travel time 
savings, K is the value assigned to a vehicle hour of travel time savings in dollars 
per vehicle hour, B is the annual benefit of the system in terms of dollars, and C 
is the annual cost of the system, some relationship can be derived. The benefit 
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Candidate 
System 

TV 
I 1 
I 2 I 

3 
4 
5 
6 
7 
8 
.9 XX. 

10 xx 
11 xx 
12 xx 
13 xx 
14 xx 
15 xx 
16 xx 

APPENDIX TABLE C-8 

EFFECTIVENESS ANALYSIS OF CANDIDATE "ON~FREEWAY" CONTROL SYSTEMS 
(ANNUAL MOTORIST BENEFITS STATED IN 

VEHICLE HOURS OF TRAVEL TIME SAVINGS) 

Surveillance and · 
Control Elements E f f e c t i v e n e s s 
Speed Lani.:\ Ramp Estimate Used 
Signs Signals Si~s High Estimate Low Estimate in Analysis 

0 .. , 

xx 6,250 , . 

xx 0 
xx xx 6,250 

. , xx 91,250 c•~U,750 u 
xx xx 97 ,.500 -74,500 b ,250 
xx xx 91,250 -80,750 0 
.xx xx xx 97,500 "74,500 6,250 

64::700 
xx 77 .200 

xx 640700 
xx I xx 77 .200 

xx 118,510 -53,490 64.700 
xx xx 131,010 .. 40,990 77 200 
xx xx 118' 510 -53 .490 F,[,_ 700 

xx xx xx 131,010 ··40 '990 '77 . 2.00 

=""'--· 
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Candidate 
Svstems 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

APPENDIX TABLE C-9 

COST/EFFECTIVENESS ANALYSIS OF "ON-FREEWAY" CONTROL SYSTEMS 

· Effectiveness Cost/Effecti 0 

E 1 e m e n t s Annual Travel veness Dolla1 
Speed Lane Ramp Time Savings- per Vehicle 

TV Signs Sfanals Signs Annual Cost Vehicle Hours Hour Saved 
0 0 --

xx $14_600 6.250 $2.34 
xx 8~.290 0 00 
xx xx 83.390 6 250 12.65 

xx 134_240 0 00 
xx xx 135.340 6 250 20.90 
xx xx 138.390 0 00 
xx xx xx 139 490 6.250 21. 70 

xx 88.600 64~700 1.37 
xx xx 89~700 77~200 1.16 
xx xx n- .390 h!.L 700 1 .. 80 
xx xx xx 117 .490 '17 • 200 1 52 
xx 116.590 64. 700 1 80 
xx xx 117.690 77. 200 1.52 
xx .. xx. 132.740 64 700 '. 2 05 
xx xx xx 133.840 77 .200 : 1 73 
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Figure C-2. Costs and Effectiveness of the Candidate Systems (Based 
on the Components of the NPG Traffic Control System). 
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b = KE. The cost/effectiveness ratio us C/E and the benefit/cost ratio is B/C. 
Therefore, B/C = K(E/C) = K/(C/E). If a minimum B/C* is required to justify a 
system and if a K value is assigned 

min. (B/C) = K/(C/E) 

and therefore max. (C/E) = K/min.(B/C) 

is the maximum cost/effectiveness ratio for which the system would provide the 
minimum required benefit/cost ratio. In order for a system with a known C/E 
ratio to be cost/effective, the following relationship must hold true K>(C/E) 
min. (B/C). This does not mean that the system is the most cost/effective since 
an analysis of alternate systems is required before this conclusion can be reached. 

In Appendix Table C-9, the most favorable cost/effectiveness ratio belongs to 
Candidate System 1/10 which includes only the closed circuit television and ramp 
signal elements. Since C/E=$1.16 per vehicle hour, K>$1.16 min. (B/C) must hold 
for this system to be justified. If min. (B/C) = 1, K must be $1.16 or larger; 
if min. (B/C) = 3, K must be $3.48 or larger. A recently completed research report 
(§) indicates that a value of travel time of $2.82 per person per hour is reasonable. 
Thus, a value of $3.00 per vehicle hour of travel time would not be excessive if a 
benefit/cost ratio of slightly less than 2.0 is required to justify installation of 
a traffic control system. Candidate Systems 2-8 are clearly not cost/effective 
based on present evaluations of travel time costs. Based on the $3.00 per vehicle 
hour of travel time, Candidate Systems 119-16 would all be cost/effective if a mi
nimum B/C ratio of 1.0 is accepted. However, only Candidate Systems 9 and 10 would all 
be cost/effective when.compared to the other systems since candidate systems 11-16 pro
vide the same effectiveness as Candidate Systems 9 and 10 but they do so at a higher 
cost. 

CONCLUSIONS ON THE COST/EFFECTIVENESS ANALYSIS OF "ON-FREEWAY" CONTROL SYSTEMS 

Based on the cost/effectiveness analysis of the "on-freeway" control systems 
which was conducted: 

a. Only the candidate systems which include the closed circuit television 
surveillance subsystem provide reasonably low cost/effectiveness ratios 
because this subsystem is the largest contributor to the effectiveness. 

b. When using travel time reduction as the measure of effectiveness, the 
candidate systems which include either the lane control signals or speed 
signs are not cost/effective because of conclusions regarding the limited 
effect of these displays on freeway travel time. 

c. The computer and detectors contributed little to the effectiveness of the 
"on-freeway" systems and, therefore, are not cost/effective when used in 
these systems in the present manner. 

*Perhaps a benefit/cost ratio of 3.0 is required to justify road construction 
so the same benefit/cost ratio may then be required to justify investing in a 
traffic control system. 
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d. The preferred systems from a cost/effectiveness point of view are Candi 
date Systems 9 and 10 which had cost/effectiveness ratios of $1.37 and 
$1.16. per vehicle hour, respectively. Candidate System 9 is the tele
vision subsystem only and Candidate System 10 is the television subsystem 
and the "Don't Enter Ramp" signs. 
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III. COST/EFFECTIVENESS ANALYSIS OF CONTINUED OPERATION 
OF THE NATIONAL PROVING GROUND SYSTEM 

The cost figures developed in connection with the cost/effectiveness analysis 
of the "on-freeway" control systems included the capital equipment costs based on 
10 year amortization at 4~% interest. A feasible alternative not considered to 
this point would be the continuation of the present NPG system utilizing existing 
equipment (assumed to be paid for) and requiring only the annual operation and 
maintenance costs. The same sixteen candidate systems are used in this analysis 
and the annual costs are in Appendix Table C-10. In estimating the cost of con
tinued operation of each candidate system, it is assumed that no portion of the 
costs are defrayed by research funding. In other words, the cost/effectiveness 
analysis of continued operation is made from the point of view of an operating 
agency. 

Of course, continued operation without additional investment cannot be 
carried on indefinitely, since some limit must be attached to the life of the 
equipment. Any attempt to attach such a limit at this point would be pure con
jecture, due to the subjective considerations involved. For instance, the manu
facturer of the TV equipment has recently indicated that, in its opinion, the 
entire television system is in need of replacement, although satisfactory perfor
mance is still apparent without excessive maintenance. 

It can, however, be said with some certainty that the temporary cable which 
was installed experimentally on the median surface several years ago will require 
replacement if the operation is to continue for any length of time. The telephone 
company representatives have indicated in recent discussions that the regular 
tarrif rates (as opposed to the present special rates) are most likely to apply in 
future transactions. (It is noted that regular tariff rates were charged in 
connection with ramp metering control circuits). Appendix Table C-11 shows the 
estimated annual cost of providing video transmission between the fourteen camera 
locations and the control center based on the regular rates. Appendix Table C-12 
shows the estimated additional telephone line costs required for the transmission 
of the control functions to the various locations. The increased transmission costs 
for both video and control signals are reflected in the cost analysis of Appendix 
Table C-10 where they are included as part of the cost of the appropriate subsystem. 
The effectiveness of each of the candidate systems is assumed to be unchanged from 
the previous analysis of "on-freeway" control systems. 

Appendix Table C-13 shows the annual cost of each of the candidate systems as 
well as the effectiveness and the cost/effectiveness ratio. The lowest cost/ 
effectiveness ratios are associated with Candidate Systems 9-16. Of these, Candi
date System 9 (the closed circuit television only) and Candidate System 10 (the 
closed circuit television and "Don't Enter Ramp" signs) are the most cost/effective 
with cost/effectiveness ratios of $1.14 and $0.97 per vehicle hour saved. 

CONCLUSIONS ON THE COST/EFFECTIVENESS ANALYSIS OF CONTINUED OPERATION OF THE 
NATIONAL PROVING GROUND SYSTEM 

Based on the cost/effectiveness analysis of the continued operation of the 
National Proving Ground Traffic Control System which was conducted: 

a. The continued operation of Candidate Systems 9 or 10 are cost/effective 
at $1.14 and $0.97 per vehicle hour of travel time reduction, respectively. 
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APPENDIX TABLE C=lO 

COST ANALYSIS OF CANDIDATE SYSTEMS 
(ANNUAL COSTS IN DOLLARS) 

CONTINUED OPERATION WITHOUT CABLE 

ANNUAL C 0 S T S 
l,;Ompm:er 

& Speed Lane Ramp Control 
Detector Cable Sfanal.s Signals Signals Panel 

1080 
7200 190 
7200 1080 390 

50550 6850 iQO 
50550 6850 1080 390 
50550 6850 7?00 190 
50550 6850 7200 1080 390 

1QO 
1080 390 

7200 1QO 
7200 1080 390 

6850 390 
6850 1080 1Q() 

. 6850 7200 390 
68'10 7?.00 1080 190 

iv1aini:e- l.U L..CI l. 

nance Opera- Adminis-· Annual 
Facility tors tration Costs 

0 
1000 12000 14080 
17500 12000 20000 57090 
17500 12000 20000 58170 
17'100 1?000 20000 107290 
17500 12000 20000 108370 
17'100 1?000 20000 114490 
17500 12000 20000 115570 
17500 1?000 20000 73790 
17500 12000 20000 75870 
17500 12000 20000 98490 
17500 12000 20000 99570 
17500 12000 20000 98140 
17500 12000 20000 99220 
17500 24000 20000 117340 
17500 ?li.000 20000 118420 
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APPENDIX TABLE C-11 

ESTIMATED ANNUAL COST FOR VIDEO TRANSMISSION 
BY LEASED TELEPHONE CIRCUITS 

Distance M 0 N T H L Y c 0 S T S -
Location Miles Terminal Mileage Total 
Holden 1.25 50 125 175 

R. R. Bridge 1.00 50 100 150 

w. Grand Blvd. 0.75 50 75 125 

Pallister 0.75 50 75 125 

Seward 0.50 50 50 100 

Euclid 0.25 50 25 75 

Gladstone 0.25 50 25 75 

Clairmont 0.25 50 25 75 

Hamilton 0.50 50 50 100 

Chicago 0.50 50 50 100 

Calvert 0.75 50 75 125 

Webb 1.00 50 100 150 

Monterey 1.25 50 125 175 

Glendale 1. 75 _-2.Q_ 175 225 

TOTAL MONTHLY COST $ 700 $ 1,075 $ 1,775 

TOTAL ANNUAL COST $8,400 $12,900 $21, 300 
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APPENDIX TABLE C-12 

ESTIMATED ANNUAL COST FOR TELEPHONE LINE 
TRANSMISSION OF NPG CONTROL FUNCTIONS 

Function 
Camera Control 

Lane Signals 

Speed Signals 

"Don't Enter Ramp" 

Detectors 

No. of 
Locations 

14 

40 

18 

9 

30 

Annual Unit Annual 
Cost Total Cost 
$250 $3,500 

120 4,800 

180 3,360 

60 540 

60 1,800 

Total Annual Cost $14,000 
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APPENDIX TABLE C-13 

COST/EFFECTIVENESS ANALYSIS OF CONTINUED 
OPERATION OF CANDIDATE NPG CONTROL SYSTEMS 

("ON-FREEWAY11 ONLY) 

Effectiveness-
Annual Travel Cost/Effectiveness 

Annual Time Savings- Dollar Per Vehicle 
Cost Vehicle Hours Hour Saved 
0 0 -

14,080 6,250 2.30 

57,090 0 00 

58,170 6,250 9.34 

107,290 0 00 

108,370 6,250 16.20 

114,490 0 00 

115,570 6,250 18.50 

73,790 64,700 1.14 

74,870 77,200 0.97 

98,490 64,700 1.52 

99,570 77,200 1.29 

98,570 64,700 1.55 

99,220 77,200 1.29 

117,340 64,700 1.81 

118,420 77,200 1.53 
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b. The continued operation of the overhead lane control signals and the 
speed control signs would have to be justified on a basis other than 
travel time reduction. The safety benefits of these displays were not 
evaluated so no positive statements can be made in this regard. 

c. The continued operation of the computer-detector system is not cost/ 
effective in the present manner of operation. The cost/effectiveness 
of the computer-detector system is tied to the effectiveness of the lane 
control signals and the speed control signs, 
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INTRODUCTION 

VI. COST/EFFECTIVENESS ANALYSIS OF A RAMP CONTROL SYSTEM 
ON THE NORTHBOUND LODGE FREEWAY 

The cost-effectiveness analysis of ramp control systems presented in this 
section is based to a large extent on the ramp control system which was installed 
on the northbound Lodge Freeway as part of NCHRP Project 20-3. Four minor varia
tions of this system are included in the analysis. 

CANDIDATE SYSTEMS 

Four candidate systems are analyzed here. The first is essentially the sys
tem which is presently in operation on the northbound Lodge Freeway. The second 
candidate system is essentially the same system except that it represents "a more 
streamlined" operation and is considered to be designed and operated more as an 
operational system. Candidate System 1 involves some additional costs because 
it is operated in a research environment, with separate administration and con
siderably more effort directed towards evaluation of operation and documentation 
of results. 

Candidate Systems 3 and 4 are similar to Candidate Systems 1 and 2 except 
that they have additional detectors on the ramps and display devices on the fron
tage road. This will allow the metering system to b~ operated in case of main
tenance operations or other capacity-reductions on the Freeway in a manner simi
lar to the present "Don't Enter Ramp" signs of the National Proving Ground. Can
didate System 3 is the same as Candidate System 1 with the frontage road displays 
added while Candidate System 4 is similarly related to Candidate System 2. 

COST ANALYSIS OF THE CANDIDATE SYSTEMS 

Appendix Table C-14 is a sununary of the cost analysis and presents the annual 
cost of each candidate system. Included in the costs are fixed costs of a Control 
Center, the necessary supervisory, maintenance, operating and progranuning personnel, 
the annual leased price of all leased items and an annual amortization cost of pur
chased items. These costs are based on a 10-year amortization period and an 
assumed 4~% interest rate, and are intended to apply to a permanent installation 
rather than the experimental system which was tested. 

EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

The effectiveness of each of the candidate systems is stated in terms of the 
annual reduction in travel time in vehicle hours. The effectiveness of Candidate 
Systems 1 and 2 are the same and can be found quite easily from available data. 
In Appendix Table B-2 the average reduction in total travel time on the northbound 
Lodge Freeway is 1,260 vehicle hours in an average peak period. Assuming 250 peak 
periods per year, the annual savings in travel time due to the operation of either 
Candidate System 1 or 2 is 315,000 vehicle hours. 

It was concluded that the operation of the "Don't Enter Ramp" signs of the 
National Proving Ground Traffic Control System saved 12,500 vehicle hours per 
year. This figure is based on 50 cases per year in both traffic directions. It 
is assumed that the use of Candidate Systems 3 and 4 would result in the same re-
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APPENDIX TABLE C-14 

COST ANALYSIS OF THE CANDIDATE RAMP METERING SYSTEMS 
CANDIDATE RAMP METERING STSTEM 

1 2 3 4 
Peak Period Operation Only Peak & Off Peak Operation 
Research & Operation Research & Operation 
Ooeration on.iv Ooeration Onlv 

Detectors $4500 4350 5100 4950 

Ramp Signals 2400 2400 3000 3000 

Transmission 7265 7025 8345 8105 

Computer 37000 6000 37000 6000 

Programmer 15000 2500 15000 2500 

Operators 6000 6000 12000 12000 

System Design 3200 3200 3200 3200 

Maintenance 17500 9000 17500 9000 

'. 

Administration 20000 10000 20000 10000 

TOTAL ANNUAL COST 112865 50475 121145 58755 
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duction of travel time as would the NPG "Don't Enter Ramp" signs. Because these 
systems would be operated in the northbound direction only, the increase in the 
effectiveness of Candidate Systems 3 and 4 during the off-peak periods is assumed 
to be 6,250 vehicle hours. 

Appendix Table C-15 presents a summary of the effectiveness of the candidate 
systems. 

APPENDIX TABLE C-15 

EFFECTIVENESS OF THE CANDIDATE RAMP METERING SYSTEMS IN ANNUAL REDUCTION 
IN TOTAL TRAVEL TIME-VEHICLE HOURS 

pANDIDATE SYSTEM EFFECTIVENESS 

1 315,000 vehicle hours 
2 315,000 vehicle hours 
3 321,250 vehicle hours 

-·~~~~~4~~~~~~~~~3~2~1~,_2~5~0--'"v~e~h~i~c~l~e'--'h~o~u=r~s"-_1 

COST/EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

The cost/effectiveness analysis is summarized in Appendix Table C-16 and in 
Appendix Figure C-3. It should be borne in mind that the candidate systems in
cluded in the analysis involve control of one direction of the Lodge Freeway. 
Many of the costs included in the form candidate systems being analyzed would 
not be increased if the control were extended to include the inbound direction 
of the Lodge Freeway as well. In other words, if the ramp con_trols were extended 
to both directions of the Freeway, the effectiveness would probably nearly double· 
while the costs would be less than doubled and the cost/effectiveness would be 
decreased. 

The results of the cost/effectiveness analysis of the four candidate ramp 
control systems which were evaluated were quite impressive. The annual cost of 
each candidate system was determined (Appendix Table C-14) and the annual effec
tiveness of each candidate system was evaluated in terms of annual reduction in 
total travel time in vehicle hours (Appendix Table C-15). From this information 
it is quite easy to determine the cost of each system per vehicle hour of travel 
time saved. Appendix Table C-16 and Appendix Figure C-3 present this informa
tion. The least cost/effective of the four systems considered (Candidate System 
3) costs about 37¢ for each vehicle hour of travel time savings while the most 
cost/effective costs only 16¢ per vehicle hour of travel time reduction. The 
values of travel time currently used in benefit/cost analyses range from the 
old value of $1.55 per vehicle hour to newer values of around $3.00 per vehicle 
hour. With these figures in mind, it is quite apparent that any of the candidate 
ramp metering systems is cost/effective. 

CONCLUSIONS ON THE COST/EFFECTIVENESS ANALYSIS OF CANDIDATE RAMP METERING SYSTEMS 

Based on the cost/effectiveness analysis of candidate ramp metering systems 
which was conducted: 

244 



(/) 
0: 
:::> 
0 
::c 

:ELL.I 
LL.I ...J 
1-Q 
(/) ::c 
~LL.I (/)> 

I 
LL.I II.I 
1-:E 
<(-
ol-
Ci ...J 
ZLLI 
<t> o<t 
~ 

II. I-
o~ 

C/)z 
(/)0 
llJ -
ZI-
ll.I(,) 
> :::> -o 
I- LL.I 
~a: 
II. 
II. ...J 
llJ <( 

:::> 
z 
z 
<( 

400,000 

300,000 

200,000 

100,000 

0 

w 
~~ 
oW 
-1-
0 (/) 
Z>-<I (/) 
(.) 

I 
2 
3 
4 

OPERATIONAL 

I- :.::: I-
z z <I 
w WW 

(/) Q. (/) 
w w u. 
0:: 0:: u. 
Q. Q. 0 

+ 
• . . 

• 

DESIGN 

I-
z 
w 
(/) 
w 
0:: 
Q. 

. 
• 

0 
2 

/ 

-1z 
o <Io 
w Z-
>o::OI-
Ooi=C3 O::u.<t-
Q. 0:: _J 
~ wa. 
- Q. Q. 

o<t 

. 

. 

/ 
I 

/ 
/ 

/ 

I 

/ 
I 

I 

I 
/ 

I CIE =ti 0.25 
/ 

I 
0 

3 
0 

/ 
/ /_,,, C/E = 80.50 

I / 
/ / 

I // 
/ / 

I // 
/ / 

/ // ..- ..-C/E = 8 I. 00 

/ // ~---/ / ~ 
/ / ----

/ // ..--- - - - - -C/E=tl 3.00 
I/ _..- ----

/ / -- --""----- ---- ---- --~--
20,000 40,000 60,000 80,000 100,000 120,000 140,000 

ANNUAL COST OF CANDIDATE SYSTEM-DOLLARS 

Figure C-3. Costs and Effectiveness of the Four Candidate Ramp 
Metering Systems. 
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APPENDIX TABLE C··16 

COST/EFFECTIVENESS ANALYSIS OF RAMP METERING SYSTEMS 

----
! OPERATION DESIGN ANNUAL EFFECTIVENESS-ANNUAL COST/EFFECTIVENESS 
' ; CANDIDATE Present + For Opera~ COST TRAVEL TIME SAVINGS·· DOLLARS PER VEHICLE 

' 
SYSTEMS· Present Off Peak Present tional Use DOLLARS VEHICLE HOURS HOUR SAVED 

1 x x $112,865 315 '000 0"358 

2 x x $ 50,475 315,000 0.160 

3 x x $121,145 321,250 0.377 

4 x x $ 58,755 321,250 0.183 



The cost/effectiveness ratio of ramp control for congested freeways appears 
to be quite low. The cost/effectiveness ratios for the two operational ramp 
control systems were 16.0¢ and 18.3¢ per vehicle hour of travel time reduc
tion. Corresponding figures for the two research-operational systems were 
35.8¢ and 37.7¢ per vehicle hour of travel time saved. These figures are con
siderably lower than the currently accepted values of travel time indicating 
that the benefit/cost ratios of ramp metering systems on congested freeways 
would probably be high. 
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V. COST/EFFECTIVENESS ANALYSIS OF COMPOSITE SYSTEMS 

CANDIDATE SYSTEMS 

This section presents a cost/effectiveness analysis of candidate systems 
which consist of both closed circuit television surveillance subsystem and ramp 
metering subsystem. The television surveillance would cover both directions 
while the ramp metering system is assumed in operation on the northbound Lodge 
Freeway. 

The other elements of the "on-freeway" control system were not included in 
the candidate composite systems. The overhead speed control signs and the lane 
control signals were not included because of earlier conclusions to the effect 
that their effectiveness is somewhat limited under the present usage. The "Don't 
Enter Ramp" signs were not included in the candidate systems because the ramp 
metering signals can be used to accomplish the same function as do these signs. 

All four candidate systems include the closed circuit television surveillance 
and ramp metering subsystems and the hours of operation are used to distinguish 
between the four candidate systems. Candidate System 1 would involve operation 
of both subsystems in the peak periods only and Candidate System 4 would involve 
operation of the closed circuit television and ramp metering subsystems in the 
peak and off-peak periods. The ramp metering would be used in the off-peak periods 
to encourage diversion of traffic around incidents which block a portion of the 
freeway. Candidate System 2 would include the television surveillance during 
peak and off-peak periods (6 a.m. to 8 p.m.) while the ramp metering would operate 
during peak-periods only. In Candidate System 3 the ramp metering system would be 
operated in the peak and off-peak periods while the television surveillance system 
would be operated in the peak periods only. 

COST ANALYSIS OF THE CANDIDATE SYSTEMS 

Appendix Table C-18 summarize the cost analysis of the four candidate systems. 
In determining the cost, it was assumed that the candidate systems would be designed 
as operational systems and would not perform a research function. A single operator 
is required during the hours of operation and it is assumed that he can operate 
the metering system and monitor the television system. Again a 10 year amortization 
period is assumed for purchased equipment and a 4~% interest rate is used. 

EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

Previous analyses of the effectiveness of the closed circuit television 
system and the ramp metering subsystem during peak and off-peak periods were 
in determining the effectiveness of each of the candidate composite systems. 
earlier results are summarized in Appendix Table C-17 

APPENDIX TABLE C-17 

EFFECTIVENESS OF SUBSYSTEMS-VEHICLE HOURS 
OF ANNUAL TRAVEL TIME REDUCTION 

SUBSYSTEM PERIOD OF OPJRATION 

sub
used 

These 

Peak Period Off-Peak Period Peak and Off-Peak 
Closed Circuit 51,330 vehicle hours 13,370 vehicle hours 64,700 vehicle 

Television hours 
Ramp Metering 315,000 vehicle hours 6,250 vehicle hours 321,250 vehicle 

hours 
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APPENDIX TABLE C-18 

COST ANALYSIS OF CANDIDATE COMPOSITE SYSTEMS 

CANDIDATE COMPOSITE 
SYSTEM 1 2 3 4 

PERIODS OF OPERATION 

Television Surveillance peak period peak & off '."'"peak peak periods peak & off-
only only peak 

Ramp Metering afternoon peak afternoon peak peak & off- peak & off-
period only period only peak peak 

ANNUAL COSTS - DOLLARS 
Television 34,100 34,100 34,100 34,100 

Transmission & Control 38,600 38,600 40,000 40,100 

Computer 6,000 6,000 6,000 6,000 

Programmer 2,500 2,500 2,500 2,500 

Operators 6,000 12,000 12,000 12,000 

Ramp Signals 9,500 9,500 10,700 10,700 

Maintenance 17,500 . 17 ,500 17,500 17,500 

Administration 20,000 20,000 20,000 20,000 

TOTAL ANNUAL COST $134,200 $140,200 $142,900 $142,900 
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The information on the effectiveness of the subsystems can easily be converted 
into the effectiveness of the four candidate composite systems and this is presented 
in Appendix Table C-19. 

APPENDIX TABLE C-19 

EFFECTIVENESS ANALYSIS OF CANDIDATE COMPOSITE SYSTEMS 
(EFFECTIVENESS IN ANNUAL REDUCTION IN VEHICLE HOURS OF TRAVEL TIME) 

Candidate PERIOD OF OPERATION EFFECTIVENESS 
System Closed Circuit Television Ramu Metering 

1 Peak Periods Peak Periods 366,330 
2 Peak and Off-Peak Peak Periods 379,700 
3 Peak Periods Peak and Off-Peak 372,580 
4 Peak and Off-Peak Peak and Off-Peak 385,950 

COST/EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

The cost/effectiveness analysis of the four candidate composite systems is 
summarized in Appendix Table C-20. Candidate System 1 has the lowest cost/effec
tiveness ratio (36.6¢ per vehicle hour of travel time reduction) but the correspond
ing ratios for the other systems are only slightly higher. The cost/effectiveness 
ratios of all of the composite systems are considered low and are well below any 
accepted value of travel time so these systems would be considered cost/effective. 
However, Candidate System 3 would never be installed since it has the same cost as 
Candidate System 4 but has a lower effectiveness. Candidate System 4 would always 
be preferable to Candidate System 3. 

APPENDIX TABLE C-20 

COST/EFFECTIVENESS ANALYSIS OF COMPOSITE SYSTEMS 

Candidate Annual Cost Effectiveness-Annual Cost/Effectiveness 
System Dollars Travel Time Savings- Dollars Per Vehicle 

Vehicle Hours Hour Saved 

1 $134,200 366,330 0.366 
2 $140,200 379,700 0.370 
3 $142,900 372,580 0.383 
4 $142,900 385,950 0.370 

CONCLUSIONS ON THE COST/EFFECTIVENESS ANALYSIS OF COMPOSITE SYSTEMS 

Based on the cost/effectiveness analysis of the candidate composite systems 
(composed of ramp metering and television surveillance operated during different 
periods of the day) which was conducted: 

a. The cost/effectiveness ratio of all four systems considered was quite low 
(about 37-38¢ per vehicle hour of travel time reduction) indicating that 
they provide a good return on the public investment. 
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VI. COST/EFFECTIVENESS COMPARISON OF DIFFERENT 
TYPES OF OPERATIONAL TRAFFIC CONTROL SYSTEMS 

Cost/effectiveness analyses have been presented for each of the types of 
operational traffic control systems - the "on-freeway" control systems, ramp 
metering systems and composite systems. This section presents a comparison of 
the three types of systems. 

CANDIDATE SYSTEMS 

Two of the candidate "on-freeway" control systems are included in this compari
son. Because of earlier conclusions regarding the limited effectiveness of the over
head lane control signals and speed control signs, all of the candidate "on-freeway" 
systems which included either of these display elements were excluded from considera
tion. Thus, three of the candidate "on-freeway" systems are included in the analysis. 
Candidate System OFl is the trivial system which involves doing nothing. Candidate 
System OF9 is the closed circuit television system only (operated from 6 a.m. to 8 p.m. 
on weekdays). Candidate System FlO includes the closed circuit television system 
and the "Don't Enter Ramp" signs. 

Two of the candidate ramp metering systems, M2 and M4, are included in this 
analysis since both were designed for operational (not research) use. Candidate 
System M2 is a metering system in one freeway direction only and is operated only 
in one peak period. Candidate System M4 is a metering system in one freeway di
rection only and involves operation during peak and off-peak periods. 

Three composite systems of ramp metering and television surveillance are con
sidered. In Candidate System Cl the hours of operation of both elements are li
mited to the peak periods. In Candidate System C4 both the television surveillance 
and ramp metering are operated during peak and off-peak periods (the function of the 
ramp metering during off-peak periods is to increase diversion around incidents 
which block the freeway). In Candidate System C2 the ramp metering, is operated 
only during the peak periods and the television surveillance is operated during 
peak and off-peak periods. 

COST/EFFECTIVENESS ANALYSIS OF THE CANDIDATE SYSTEMS 

The cost and effectiveness of the candidate systems have previously been de
termined in earlier sections of Appendix C. These are summarized in Appendix Table 
C-21 and are plotted in Appendix Figure C-4. 

I 
; 

APPENDIX TABLE C-21 

COST/EFFECTIVENESS ANALYSIS OF DIFFERENT TYPES 
OF OPERATIONAL TRAFFIC CONTROL SYSTEMS 

Effectiveness-Annual 
Candidate Annual Travel Time Savings 
System Cost Vehicle Hours 

OFl 0 0 
OF9 $88,600 65,700 
OFlO $89,700 78,200 
M2 $50,475 315,000 
M4 $58,755 321,250 
Cl $134,200 366,330 
C2 

I 
$140,200 379,700 

C4 142 900 385 950 $ 
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Cost/Effectiveness 
Dollars Per Vehicle 

Hour Saved 

-
$1.35/vehicle hour 
$1.15/vehicle hour 

$0 .160/vehicle hour 
$0.183/vehicle hour 
$0.366/vehicle hour 
$0.370/vehicle hour 
$ 0.370 vehicle I hour 

I 

I 
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Figure C-4. Costs and Effectiveness of Eight Candidate Systems 
of Various Types. 
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If an operating traffic agency had a certain amount of money per year to 
spend on traffic control on a given freeway, it could select the system which 
produced the greatest effectiveness for that amount of money. In other words, 
the preferred system would be the one which yielded the maximum effectiveness 
for the fixed cost. Appendix Table C-22 shows the preferred systems for dif
ferent ranges of available annual funding. 

APPENDIX TABLE C-22 

PREFERRED SYSTEMS FOR DIFFERENT RANGES 
OF AVAILABLE ANNUAL FUNDING 

Effectiveness-Annual Cost/Effectiveness 
Available Annual Preferred Travel Time Savings- Dollars Per Vehicle 

Funding System Vehicle Hours Hour Saved 

$0-$50,475 OFl 0 -
$50,475-$58,755 M2 315,000 $0.160/vehicle hour 
$58~755-$134,200 M4 321,250 $0.183/vehicle hour 
$134,200-$140,200 Cl 366,330 $0.366/vehicle hour 
$140,200-$142,900 C2 379,700 $0.370/vehicle hour 
above ~142,900 C4 385,950 $0.370/vehicle hour 

From this analysis one can see that to do nothing is the only alternative which 
can be followed if less than $50,475 per year is available. For an annual funding 
level between $50,474 and $134,200 one of the ramp metering systems would be pre
ferred and if the annual funding level is greater than $134,200 a closed circuit te
levision subsystem would be installed with the ramp metering subsystem. It can also 
be noted in Appendix Table C-22 that it would be preferable to install a ramp me
tering system on two freeways than to install a ramp metering system and a closed 
circuit television subsystem on one freeway (assuming that both freeways had traffic, 
geometric and operational characteristics similar to those of the Lodge Freeway). 
Thus, if control of a large system of congested freeways were being considered, the 
greatest effectiveness would be obtained for a given investment level by installing 
the ramp metering subsystem on the congested freeways first and then adding the 
closed circuit television as funding permitted. If adequate funding were available 
for both types of subsystems, the composite systems are cost/effective. 

CONCLUSIONS ON THE COST/EFFECTIVENESS COMPARISON OF THE DIFFERENT TYPES OF OPERA
TIONAL TRAFFIC CONTROL SYSTEMS 

Based on the cost/effectiveness comparison of the different types of opera
tional traffic control systems which was conducted: 

a. Only candidate systems which include the ramp metering subsystem are cost/ 
effective. This is because the candidate systems which do not include the 
ramp metering subsystem provide a lower effectiveness at a high cost than 
do some of the candidate systems which do include the ramp metering sub
system. 

b. The candidate systems which include only the ramp metering have cost/ 
effectiveness ratios of about half the corresponding ratios for the com
posite systems which include the ramp metering and closed circuit tele
vision. This implies that it would be more cost/effective to apply ramp 
metering to two congested freeways than it would to apply ramp metering 
and closed circuit television surveillance to one freeway (if both free
ways have characteristics similar to those of the Lodge Freeway). 
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APPENDIX D 

A LINEAR PROGRAMMING APPROACH TO 
ERROR-BUDGETING ANALYSIS 

Error-budgeting analysis is a technique for selecting an optimum 
system which meets the requirements of accuracy and cost <.!). The 
candidate systems from which the optimal or preferred system is 
selected consist of elements or subsystems selected from different 
subsystem categories. In traffic surveillance and control systems, 
the categories of subsystems are: 1) detection subsystem, 2) trans
mission subsystem, 3) data processing subsystem, 4) transmission 
subsystem, and 5) display subsystem. 

The candidate systems would consist of a detection subsystem, 
a transmission subsystem, a data processing subsystem, a transmission 
subsystem, and a display subsystem. This type of configuration is 
shown in Appendix Figure D-1& The optimal system is the combination 
of the five suosystems for which some criterion function is maximized 
or minimized. 

Data Processin 
Subs stem 

APPENDIX FIGURE D-1 

Transmissio 
Subs stem 

FUNCTIONAL BLOCK DIAGRAM OF CANDIDATE 
TRAFFIC SURVEILLANCE AND/OR CONTROL SYSTEM 

Several types of detection subsystems might be used in the candi
date systems and one of these would be selected for the optimal system. 
For example, the candidate detection subsystems might include variations 
of 1) human observers, 2) television cameras, 3) loop detectors, 
4) ultrasonic detectors, 5) radar detectors, or 6) a time clock. 
Appendix Table D-1 contains a possible set of candidate elements of each 
of the subsystems. It should be borne in mind that there may be many 
possible variations of each of these elements which would be considered 
in an actual analysis. Those listed in Appendix Table D-1 are presented 
only for illustration of the method and do not represent a complete 
set. 
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APPENDIX TABLE D-1 

POSSIBLE SUBSYSTEM ELEMENTS FOR 
CANDIDATE TRAFFIC SURVEILLANCE AND CONTROL SYSTEMS 

Data 
Detection Transmission Processing Transmission Display 
Subsystem Subsystem Subsystem Subsystem , Subsystem 

human data sheets human human tables & 
observers graphs 

television leased on-line leased ramp signals 
cameras phone lines computer phone lines 

loop cable off-line cable freeway 
detectors computer speed signs 

ultrasonic microwave microwave freeway 
detectors lane signs 

radar television telephone information 
detectors monitor signs in 

network 

time radio police or 
clock emergency 

.:ve11icle 
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An error-budgeting analysis could be used to select the optimal 
system of a particular type, eogo, a freeway ramp metering control sys
temo Appendix Table D-2 shows the possible subsystem elements for 
candidate freeway ramp metering control systems. 

Detection 
Subsystem 

human 
observers 

loop 
detectors 

ultrasonic 
detectors 

radar 
detectors 

time 
clock 

APPENDIX TABLE D-2 

POSSIBLE SUBSYSTEM ELEMENTS FOR 
CANDIDATE FREEWAY RAMP METERING CONTROL SYSTEMS 

Transmission 
Subsystem 

Data 
Processing tt'ransmission 
Subsvstem Subsystem 

leased human leased 
phone lines phone lines 

cable on-line cable 
computer 

~adio off-line wire 
~ire computer 

Display 
Subsystem 

ramp signals 

In an error-budgeting analysis the optimal system is the candidate 
system for which either 1) the error associated with the system is 
minimized for a given (allowable) system cost, or 2) the system cost 
is minimized for a given (tolerable) system erroro It is, therefore, 
necessary to know the error and the cost associated with each of the 
candidate subsystem elementso The costs of all elements must be in the 
same terms, such as annual cost, and the error associated with all 
elements must be in the same terms, such as absolute error or percent 
of the input signal. 

Two types of situations exist. The first is the one in which each 
element of a given subsystem is compatible with each element of the 
adjacent subystemo In the secondj some of the elements of at least 
one subsystem are incompatible with at least one element of an adjacent 
subsystem or there are interface problems between some elements of 
adjacent subsystems which result in an interface cost and/or error. 
These two situations are treated in the following sections. For each 
situation a linear programming model of the network type (l,) is 
formulated. 
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ERROR-BUDGETING MODEL - ALL SUBSYSTEM ELEMENTS COMPATIBLE 

In this section~ a linear progranuning model of the network type 
is developed for an error-budgeting analysis of candidate systems in 
which each candidate element of each subsystem is technologically 
compatible with each candidate element of each adjacent subsystemo 
Let us assume that an error-budgeting analysis is to be performed on 
a system which has five candidate detection subsystems, four candi
date transmission subsystems (between the detection subsystem and the 
data processing subsystem), three candidate data processing subsystems, 
three candidate transmission subsystems (between the data processing 
and display subsystems), and one candidate display subsystemo Appendix 
Figure D-2 shows the corresponding network representation of these 
candidate systemso 

Candidate 
Detection 
Subsystems 

Candidate 
Transmission 

Subsystems 

Candidate 
Data 

Processing 
Subsystems 

Candidate 
Transmission 

Subsystems 

APPENDIX FIGURE D-2 

NETWORK REPRESENTATION OF CANDIDATE SYSTEMS 

Candidate 
Display 

Subsystem 

0 21 

In the network model, (directional) links 1 9 2; 1,3; 1,4; 1,5; and 
1J6 correspond to the five candidate subsystems. Links 7&8; 7,9; 7,10 
and 7,11 correspond to the four candidate transmission subsystems, etc. 
The links which are external to the boxes containing the candidate 
subsystems (e.go 9 link 2,7; link 8 9 13; link 14,17) are necessary to 
connect the adjacent subsystems and bear no physical interpretation. 
One candidate system would be comprised of links 1,2; 2~7; 7~8; 8,12; 
12~13; 13,16; 16,17; 17,20 and 20,210 

The parameters of the network are the cij and eij associated with 
link itj• T~e Cij is the cost of including in the candidate system 
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the subsystem element corresponding to link i,j. The eij is the error 
due to the inclusion in the preferred system of the subsystem element 
corresponding to link i,j. 

The error-budgeting analysis is 
assignment of flows in the network. 
xij and the xij are the variables of 

accomplished by the optimal 
The flow on link i,j is designated 
the problem. 

A flow of unity is assigned into node 1 and a unit flow leaves 
node 2,3e Thus, a flow of unity passes through each of the subsystems. 
Each of the possible flow paths through the network (via the direc
tional links) corresponds to a candidate system. Thus, when the flow 
on link i,j is unity (xij•l), the subsystem element corresponding to 
link i,j is included in the candidate system. 

The optimal or preferred system can be selected from the candidate 
systems by use of one of two linear progrannning modelse In the first 
model the maximum tolerable system error, E, is known and the optimal 
system is the one that provides a total error of E or less at a minimum 
coste Stated as a linear progrannning problem it is: 

minimize E E cij xij 
i j 

subject to E E eijxij < E 
i j 

and L:x:1j=l 
j 

and L:xi21=1 
i 

and ~xik = Exjk 
l. j 

k=2,3 ••• ,zo 

An alternate approach to the selection of an optimal system can 
be made if the total allowable system cost, c, is known. In this 
case 9 the optimal system is the candidate system which satisfies the 
cost constraint and minimizes the system error. In linear programming 
terms this becomes: 
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minimize E E eijxij 
i j 

subject to E E cijxij < c 
i j 

and Exlj=l 
j 

and Exi21=l 
i 

and Exik = Exjk k=2,3coo520 
i j 

If all of the xij in the optimal solution are either zero or one, 
the linear programming formulation of the problem was adequateo If 
some of the xij in the optimal solution are between zero and one, the 
solution calls for combinations of elements in at least one of the 
subsystems. The technological feasibility of this combination of 
elements should be examined. If it is not feasible or if all possible 
elements of each subsystem were included, it will be necessary to 
reformulate the problem using an integer programming model with the 
xijws constrained to equal either zero or one. Reference 2 in Appendix 
D provides further information on integer programming. 

ERROR-BUDGETING MODEL = SOME SUBSYSTEM ELEMENTS INCOMPATIBLE 

This section presents a treatment of the error-budgeting analysis 
in which some elements of one subsystem are not technologically com
patible with some elements in an adjacent subsystemo For example 9 it 
would not be reasonable to use a human transmission subsystem to 
couple a loop detector subsystem to an on-line computer data pro
cessing subsystemo It would~ thenj be desirable to eliminate this 
path in the network and, hence, eliminate the inclusion of candidate 
systems with this combination of subsystemso Since the mathematics 
of this model are the same as those previously presentedj only the 
difference in network structure is offered in this section. 

In the network structure shown in Appendix Figure D~2~ there are 
five detection subsystem links shown and four transmission subsystem 
links. Each of the transmission subsystems is compatible with each of 
the detection subsystems. Let us now assume that Appendix Table D-3 
identifies the links corresponding with the Candidate Detection Sub
systems and the Candidate Transmission Subsystems and indicates which 
of these are compatibleo Appendix Figure D-3 shows the network 
configuration which corresponds to the compatibility presented in this 
tableo 
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APPENDIX TABLE D-3 

IDENTIFICATION OF DETECTION SUBSYSTEM LINKS, 
TRANSMISSION SUBSYSTEM LINKS AND THEIR COMPATIBILITY 

Link 
Number 

1,2 
1,3 
1,4 
1,5 
1,6 

Link 
Number 

7,12 
8,13 
9,14 

10,15 

Detection Compatible with 
Subsystem Element Transmission Linke 

loop detectors 7,12; 8,13; 9,14 
ultrasonic detectors 7,12; 8,13; 9,14 

radar detectors 7,12; 8~13; 9,14 
human observer 10.15 

time clock 11,16 

Transmission Compatible with 
Subsystem Element Detection Links 

leased phone lines 1112; 1,3; 1,4 
cable 1,2; 1,3; 1,4 
radio 1,5 
wire 1,6 

APPENDIX FIGURE D-3 

NETWORK REPRESENTATION OF COMPATIBILITY OF 
SUBSYSTEM LINKS PRESENTED IN APPENDIX TABLE D-3 

Candidate Detection 
Subsystems 

Candidate Transmission 
Subsystems 

leased hone lines 

cable 

radio 

wire 
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In Appendix Figure D-3, the links between the two subsystems 
connect all pairs of compatible links in the adjacent subsystems. For 
example, link 2,7 indicates that the transmission element 7~11 is com
patible with detection link 1 9 20 In other words 9 the signals from 
the loop detectors can be transmitted over leased phone lines. Like
wise~ the absence of link 6,8 indicates that a time clock signal would 
not be sent over an elaborate cable subsystem. (It would, instead, 
be located near the data processing subsystem and simple wires would 
be usedo) If there were any interface costs or interface errors 
associated with any of the pairs of detection and transmission sub
systems~ these could be added as the appropriate Cij and eij on the 
links between the subsystems. 
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APPENDIX E 

ANALYSIS OF RECOMMENDED SURVEILLANCE AND CONTROL SYSTEM 

Based on cost/effectiveness studies discussed in detail in 
Appendix C~ a recommended system has been developed for implementa
tion on the John Co Lodge Freewaye This system was outlined in Chapter 
IV, and Figure 20 showing the recommended configuration is repeated 
as Appendix Figure E-le It is noted that the recommended system 
comprises ten subsystemso These areg 

lo Driver-Vehicle Subsystem; 
2o Assistance and Enforcement Subsystem; 
3e Closed Circuit Television Subsystem; 
4o Electronic Sensing Subsystem; 
5e Transmission Subsystem; 
6e Information Processing Subsystem; 
7o Control Logic Subsystem; 
80 Signal Control Subsystem; 
9e Signal Display Subsystem; and 

lOo Signal Confirmation Subsystem. 

Each of these subsystems will be discussed in this section with regard 
to functions performed, inputs and outputs, general requirements, and 
means of accomplishing the requirements. 

The DRIVER-VEHICLE SUBSYSTEM ~ncludes the driver, the vehicle, the 
roadway 9 and the general operating environment which is beyond the 
influence of the control systemo ·Its inputs take the form of signal 
displays and assistance generated by the remainder of the system. Its 
outputs are described in terms of the performance of the vehicles 
within the system (presence at a point, flow rate, etc.)o For pur
poses of this analysis, the operating parameters have been considered 
fixed 9 and no attempt has been made to treat the various human and 
environmental factors. 

The ASSISTANCE AND ENFORCEMENT SUBSYSTEM includes the police department 
and service facilities which can be dispatched to the scene of an 
incident by the system operator. Its function is to expedite the 
removal of obstructions from the roadway to facilitate traffic move
ment. Its inputs are notifications from the operator at the control 
center of the location and type of roadway incidents, and its outputs 
are the appropriate actions to facilitate the removal of the incidents. 
Again, the operating parameters will be considered as fixed. 

The CLOSED CIRCUIT TELEVISION SUBSYSTEM consists of the cameras, video 
and control transmission facilities and monitors. The input to the sub
system consists of a qualitative description of vehicle movements and 
the output is a replica of the input on the monitor screens. The prime 
benefit in terms of travel time reductions is derived from the ability 
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to detect and expedite the removal of a capacity-reducing incident on 
the Freeway. The estimated annual benefit can, therefore, be expressed 
for a given situation in terms of the observed number of roadway 
incidents occurring per yearo Appendix Figure E-2 illustrates the 
estimated annual benefit per mile of freeway surveillance obtainable 
under four types of operating conditions as a function of the number 
of observed incidents. These are: 

lo Three lane freeway, three-hour peak period; 
2o Three lane freeway, four-hour peak period; 
3. Four lane freeway, three-hour peak period; and 
4o Four lane freeway, four-hour peak period. 

The figures are based on the assumptions and calculations outlined in 
Appendix c. Although they will apply only to the Lodge Freeway, they 
may produce reasonably valid results when employed on similar facilities. 

The optimum location of the television cameras is treated in 
Appendix Reference E-1. In this reference, camera spacings of approx
imately 1/4 mile are indicated for full freeway coverageo The capital 
and operating costs of the present system indicate an annual operating 
cost of about $30,000 per mile of freeway. This cost is, of course, 
a function of the length of the system under consideration, since 
transmission costs increase considerably as a function of distance. 
The cost of a single video channel in the Detroit area is quoted by 
the local Michigan Bell Telephone Company representative as: 

1. $50 per month basic terminal cost; 
2. $25 per month per 1/4 mile of distance (first six miles); 

and 
3o $25 per month per mile of distance (over six miles). 

The ELECTRONIC SENSING SUBSYSTEM consists entirely of vehicle presence 
detectors. Its function is to provide information upon which control 
decisions can be basedo The two main types of information provided 
are 1) instantaneous presence of a vehicle in the traffic stream for 
counting purposes and 2) presence of a vehicle in a control area 
representing a demand upon some aspect of the control logico Its 
inputs are the presence of vehicles within a pre-determined zone of 
influence and its outputs are contact closures which are ultimately 
recognized by the information processing subysystem. The basic detec
tion requirements dictated by the present control logic are 1) variable 
zone of influence to accommodate different conditions (such as lane 
width), 2) fast response to separate closely following vehicles~ 3) 
continuous presence indication as long as the vehicle remains within 
the zone of influence, and 4) output closure time roughly proportional 
to vehicle occupancy time. (This is not a particularly sensitive 
requirement in the present system since the time occupancy factor is 
used only as an override function)o 
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While almost any law of physics can be exploited to detect the 
presence of a vehicle, the three types most commonly used in freeway 
applications are overhead or side-mounted ultra-sonic detectors, wire 
loop detectors installed in the pavement, and coil-type sensors which 
work on the magnetometer principle. The overhead detectors are much 
easier to install on the freeway where lane closure is a problem. 
They are also more portable than the other units in the sense that 
they require no permanent hardware installation and no underground 
wiring. 

The wire loop units also have advantageso The sensor is not 
exposed to weather and vandalismo No supporting structures are 
requiredo When no such structures are available, this results in a 
cost advantage to loop detectorso Where overpassess sign structures, 
etc., are available, the overhead detector location must often be 
compromised to make use of these facilities. For example, weaving 
movements are often concentrated near overpass structures and the 
accuracy of individual lane counts has been found to suffer consider
ably where lane changes are frequent. In addition, the loops have a 
larger potential detection area which offers a decided advantage in the 
detection of stopped vehicles and other unusual features3 Where simple 
speed measurements are required, as might be the case in freeway 
surveillance, loop detectors are generally preferred since speeds are 
more closely related to relay closure times than with ultra-sonic types 
which employ distinct pulses. 

The magnetometer units are a newer device which appear to have 
some further advantages over the wire loop sensors. Limited experience 
with these units indicates a lower installation cost and a higher 
counting accuracy.(~,) 

A typical detector configuration is shown in Appendix Figure E-3. 
This layout includes three on-ramp detectors, one "on-freeway" detector 
for each freeway lane approaching the metered ramp and a single off
ramp detector. The respective functions will be considered in more 
detail in connection with the information processing and control logic 
subsystem. 

The TRANSMISSION SUBYSYSTEM consists of all of the facilities necessary 
to transmit the information in both directions between the field and 
the central control location. The inputs to this subsystem include 
field detector information, signal control information and signal 
confirmation information. The outputs are remote reproductions of the 
inputs at the opposite end of the line (field or office)o 

The binary (on or off) nature of all inputs and outputs simplifies 
the transmission requirements considerably. The simplest form of DC 
control will meet all transmission requirements since response errors 
of a few milliseconds are tolerable. 
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----------------------------------------- ------- - ---

The choice of transmission facilities will generally involve three 
candidate elements, These are~ 

l, Construction of cable facilities; 
2. Leasing of telephone lines for all functions to 

be transmitted; and 
3. Combination of leased telephone lines and multi

plexing equipment to concentrate one flow of datac 

The choice between these three alternatives will generally be dictated 
solely by economic considerations~ since all three offer adequate 
performance. In most urban areas 9 construction of permanent cable 
facilities will prove extremely expensive and telephone lines will 
prove to be a more feasible alternative, At isolated locations, such 
as a single off=ramp detector~ a separate telephone pair will usually 
be most economical. Multiplexing of information, however, will normally 
be more desirable where several functions are involved (e.g., metered 
on-ramps)® A tone control unit capable of transmitting seven functions 
in either direction over a single pair of telephone lines is now 
marketed by a major signal equipment manufacturer~ The total cost of 
this unit (master and remote) is about $1,000. Based on the 10-year 
amortization at 4 1/2% used elsewhere in this report, the phone line 
savings in a given installation would have to amount to $125 per year 
to justify the use of this type of equipment. 

Telephone costs in Detroit are based on zone boundaries. The city 
is divided into six zones shown on Appendix Figure E-4~ and monthly 
line rental costs are assessed at the rate of $5.00 for a pair within 
a given zone~ $10~00 for a pair between adjacent zones and $15.00 for 
a pair between non=adjacent zones. 

In the project study area~ the portion of the Freeway south of 
Chicago Boulevard is in the same zone as the control center, the por
tion between Chicago and Davison is in the adjacent area and the 
portion north of Davison is in non-adjacent areas~ Therefore~ the 
"break=even point" for the use of multiplexing equipment in these three 
areas will be 6~ 4 and 2 functions~ respectively. 

A seven-channel configuration for the metered ramps is shown in 
Appendix Figure E~5. The functions to be transmitted are identified 
and the respective subsystems of origin and termination are indicated~ 

The INFORMATION PROCESSING SUBSYSTEM is found in the digital computer. 
Its function is to convert the inputs received from the field into the 
parameters required by the control logic subsystem. The inputs are in 
the form of the presence (or absence) of vehicles and all inputs are 
interrogated at 25 millisecond intervals in the present system. The 
output parameters are all binary in nature and contain the following 
information~ 
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lo Ramp clear of traffic (or not); 
2. First cycle of metering operation (or not); 
3. Vehicle past signal (or not); 
4o Signal in green state (or red state); 
5. Minimum green time expired (or not); 
60 Required red time expired (or not); and 
7. Vehicle waiting at signal (or not)o 

The simplified flow of logic for determination of the outputs is 
shown on Appendix Figure E-6. This logic applies to the simple traffic 
responsive (demand-capacity) metering system developed by the project 
staff o 

The following minimum requirements apply to the computer to be 
used in the ramp metering system: 

1. Core storage 
2o Memory cycle time 
3 •. Digital inputs 
4. Digital outputs 

4K (12 bit words); 
4µs; 
80; and 
40. 

The core storage and memory cycle are based on the present CDC 8090 
computer which is utilized close to its full capacityo The input-output 
requirements are based on the number of functions to be accommodated. 

The CONTROL LOGIC SUBSYSTEM is also a function of the digital computer. 
Its inputs are the signal control parameters obtained from the informa
tion processing subsystem and its outputs control the state of the 
individual ramp signalso A simplified logic flow diagram for the con
trol logic subsystem is shown in Appendix Figure E-7. 

The SIGNAL CONTROL SUBSYSTEM accomplishes the actual switching of power 
to the individual signal displayso Its inputs are the control commands 
from the control logic subsystem and its outputs are the redj amber 
and green signal indicationse The operation of this subsystem is 
shown schematically in Appendix Figure E-8. 

The SIGNAL DISPLAY SUBSYSTEM consists simply of the signal heads with 
red~ amber and green faces and an illuminated advisory display indicating 
the disruption of normal freeway conditions. These displays are acti
vated at appropriate times by the signal control subsystem. 

The SIGNAL CONFIRMATION SUBSYSTEM is an optional addition to the ramp 
metering systeme Its function is to provide an indication at the 
control center that a commanded signal change has been processed through 
the signal display subsystem. Current sensing relays give a contact 
closure when a given signal indication is drawing power. These contact 
closures are transformed to short pulses (differentiated) and transmitted 
back to the information processing subsystem where they are processed to 
determine if an "out of correspondence" condition exists. All system 
failures~ including defective lamps~ can be detected (but not identified 
as to type) in this fashione The confirmation logic is also represented 
in Appendix Figure E~8e 
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