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IMPLEMENTATION STATEMENT 

The methods in this report can be immediately applied in the location of sampling detectors 
for a computerized traffic control system for arterial street traffic management. The procedure is 
systematic and based on the information received from systems manufacturers and practicing 
engmeers. 
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SUMMARY 

This report provides guidelines for the selection and evaluation of potential sampling 
detector sites for arterial street computerized traffic signal systems. The basic spacing guideline 
suggests that detectors be spaced at 800 meters (one-half mile) and at all high volume driveways or 
intersections. The survey of manufacturers and practicing engineers did not identify any consistent 
guidelines for the placement of sampling detectors. There was a general expression that a spacing 
of about 1600 meters (one-mile) was about optimal for tentative sites. It was also reported that the 
cost of conducting detailed volume counts and correlation of these data with downstream traffic 
problems is greater than the cost of installing loops/detectors at all candidate detector locations. This 
practice also provides backup for detector failures. The location guidelines reflect this cost factor. 

A flow chart is provided which allows the user to quickly evaluate the quality of potential 
sampling detector locations to determine if they are functional. 
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1. OVERVIEW 

INTRODUCTION 

A traffic surveillance system is commonly characterized by its use of traffic sensors to collect 
necessary data, a transmission network to transmit the data to a central data bank, and a digital 
computer system with peripheral devices to analyze the data and provide information for the 
management decision process. Arterial streets are the major traffic facilities of concern, and traffic 
surveillance and control on arterial streets reduces congestion. Placing detectors at strategic locations 
along the arterial streets assists in the decisions to balance demand with capacity at congested 
locations. 

A number of research projects related to incident detection and location of detectors in 
freeway management have been conducted and published. However, very limited research has been 
conducted toward the application of detection systems in computerized signal systems on arterial 
streets. This lack of research can perhaps be attributed to the characteristic differences between 
freeways and arterials. Freeways are expected to flow efficiently even in peak periods, and 
management of the freeway system should strive for great economic returns. Freeways generally 
have limited access points, reduced median and marginal friction, fewer geometric constraints, and 
a more homogeneous mix of traffic than arterial streets. On the other hand, arterials have signals, 
access , and other limiting friction factors that produce an ambient level of stoppage and congestion. 
Arterial traffic is interrupted by traffic signals, and a high degree of uncertainty is associated with 
operational problems of traffic detection on arterial streets. These marked differences between 
freeway and arterial street operations limit the potential for applying existing freeway detection 
techniques to arterial streets. 

The two basic measurement variables, volume and occupancy, are used for traffic control and 
management of the arterial street system. Volume can be easily and accurately obtained by counting 
the number of pulses measured during a given time period. Occupancy is the percent of time that a 
detector is indicating the presence of a vehicle. Research has indicated that an occupancy level of 
more than 25 percent is an indication of the onset of congestion. The objective of the detector system 
is to provide input for the adjustment of the signal timing to reflect the upstream changes in major 
traffic flow. System detectors are strategically placed at mid-block locations in an effort to increase 
the efficiency of progression along arterial streets. The control parameters can be computed by a 
master supervisory station by using the inbound and outbound traffic flow data. Detection on cross­
street approaches and high volume driveways are similar to those for normally operated local 
intersection control. The arterial master controller selects the best timing plan based on the traffic 
patterns as measured by the arterial street sampling detection system. 

OBJECTIVE 

The objective of this study was to identify the general location of sampling detectors on 
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arterial streets, and to recommend guidelines that would assist the practitioner in evaluating the 
appropriateness of each selected sampling location. In operating an arterial system, it is important 
to identify strategic traffic generating locations on arterial streets where placement of sampling 
detectors would be helpful in operating the system. These detectors measure the changes in traffic 
volume entering from cross streets and driveways located along the arterial street. The detection 
system provides data that are useful in relieving the operational problems. This is accomplished by 
reducing detection time and providing information to the system operator to take timely and 
necessary traffic management actions. This reduces congestion on the arterial street by reducing 
delay and fuel consumption. It also increases the operating speed along the arterial street. 

BACKGROUND 

Very limited research has been conducted and published on detector application and location 
of system detectors on arterial streets. A literature search was conducted, and very limited material 
was found on placing detectors on arterial streets. Many traffic engineering professionals were 
contacted and asked for their expertise in this field. None of them were able to provide any 
suggestions or guidance relevant to this topic. With this limited background, this study was restricted 
to the concepts and ideas that were developed based on the available literature and consideration of 
the operational problems that may exist on arterial streets. 
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2. ARTERIAL STREET SYSTEM DETECTOR LOCATION 
GUIDELINES 

A detection point is warranted where there is the potential for major changes in volume to 
occur or where demand is likely to exceed the capacity of the arterial streets. An efficient detection 
system will enable the traffic management team to cany out the following tasks: 

1. Detect traffic demand changes that will impact the system in the near term. 

2. Associate the demand with a particular system operating mode 

3. Adjust the system to the revised operational mode. 

Detecting traffic demand is a most important and difficult task to perform in the field. Traffic 
demand can be detected by placement of traffic sensors at selected locations. This is a difficult task 
because if the demand change is not recognized early, it leads to higher levels of congestion and delay 
to the traffic not only on that arterial street but also to the traffic on adjacent arterials and freeways. 
Placing detectors at strategic locations on the arterial street helps identify the changes in traffic 
demand patterns. If these changes can be correlated with downstream traffic congestion or have 
already been previously correlated with downstream demands, based on previous counts, the system 
can be adjusted in advance and the problem at an intersection or street section downstream may be 
ameliorated. 

Figure 1 is a flow chart which is useful in making decisions for an effective traffic management 
system and identifying the strategic locations for placing detectors. The detector system should 
identify the existing problem, the location of the problem, classification of the problem, and the 
severity of the problem. Prompt and reliable identification of the problem enables the system operator 
to more effectively remedy the causes of congestion. The occurrence of congestion may be recurring 
and/or sporadic. Recurring congestion conditions include change in volumes at certain time periods 
of the day or change in cross-sections due to lane closure, roadway construction activities, and at 
selected high volume driveways entering the arterial street. Recurring congestion occurs on roadways 
entering the central city where the inbound traffic is heavy in the morning hours and the outbound 
traffic is heavy during the evening hours of the day. Recurring congestion situations also occur near 
work places with a large number of employees. 

Sporadic congestion situations include unexpected changes in traffic demand at shopping 
complexes and sudden lane closure due to incidents or maintenance activities. These conditions may 
occur at any time period of the day and are difficult to detect, assess, and handle. 
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criteria: 
Location of the system detectors for arterial street signal systems should satisfy the following 

1. The detector system should measure the demand at points where the change in 
demand has been demonstrated to be a forerunner of a change downstream or 
locations which have the potential for doing so. 

2. The location should be away from the path of turning vehicles and outside the queue 
space of an intersection. 

3. There should be as few detectors as is practical to reduce the computation, but 
sufficient to measure the major demand changes on the system. 

4. Generally, a sampling detector should be placed at an average of about 800 meters 
(one-half mile) along the coordinated arterial street. 

These general requirements are best satisfied at a point downstream from an intersection, and 
between curb access points. 

The site characteristics include: 

1. Points of major cross section change, 

2. Points up- and down-stream from major generators-
Employment centers 
Industrial centers 
Major retail centers 
Large educational institutions, and 

3. Near intersecting arterial streets. 

The following procedure is recommended in selecting system sampling detector locations: 

1. Tentatively select sites that have the potential to be sampling detector locations based 
on the criteria described above. These should average about 800 meters (one-half 
mile) spacing along the arterial street. 

2. Review the sites using the guidelines present in Figure 1, and select those locations 
where the conditions appear favorable for a good sampling site. 

3. When the detectors are operational, continue with steps 4 through 7 below. 
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4. Using normal traffic counting procedures, count the traffic at the sampling detector 
locations and at selected points downstream. 

5. Correlate the measured flows at the sampling detector locations with the flows 
downstream allowing for the travel time differences. A minimum of 3 minutes should 
be allowed for the decision and system timing changes (i.e., detector locations must 
be at least 3 minutes in advance of the area where the modification is to be made). 

6. Identify the sampling detector locations that have a high degree of correlation with 
downstream flows at least three minutes later (i.e., it takes two to three minutes to 
change operating modes in the system). When two or more tentative sampling 
detectors are equally correlated with the flows downstream, only one should be used. 

7. Sampling detectors not highly correlated with down stream traffic and other overly 
redundant detectors should be turned off electronically. 

The person selecting and designing the sampling detector sites should understand that it is not 
necessary to have detection across all lanes in all cases. Indeed, detection in only one or two lanes 
will serve the needs well in many cases and provide the desirable degree of redundant detection 
coverage. 

The procedure suggested above appears, on the surface, to be wasteful as more detectors are 
actually installed than are used by the control system. Discussions with operating agencies 
consistently brought out the point that it is more costly to conduct the detailed studies to correlate 
the upstream traffic changes with the downstream traffic conditions than to install detectors at all 
feasible locations and do the correlation studies after the system comes on-line. With this perspective 
in mind, the procedure was modified to reflect the reality. The extra detectors are available as spares 
when the primary detectors malfunction. Also, the extra detectors may be used for adapting to future 
traffic changes. 

Figure 2 suggests the desirable location of sampling detectors relative to a downstream 
intersection. If the queue builds up over the detector, the response time of the system is greatly 
increased. The 95th percentile queue length is suggested as the minimum queue length design value, 
and the 1 OOth percentile queue length is suggested as the desirable design value. 

The sampling detector should be located clear of the turning movements and beyond the 
acceleration area of an upstream intersection. Figure 3 illustrates the minimum and desirable sampling 
detector placement distances downstream from a signalized intersection. When a compromise must 
be made between the queue storage space of a downstream intersection and the acceleration space 
of an upstream intersection, the compromise should always be on the acceleration space. 
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Figure 1. Flow Chart to Identify the Strategic Locations for Placing Detectors. 
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Figure 2. Location of Detectors Upstream from Intersections. 
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Figure 3. Recommended Detector Location Downstream From A Signalized 
Intersection. 

Figure 4 illustrates the desirable sampling detector location relative to driveways which 
generate high arterial street traffic volumes. To detect the traffic demand at this location, the detector 
should be placed at least 15 meters (50 feet) downstream from the driveway. This spacing may be 
increased depending on the geometric and roadway conditions. 
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Figure 4. Illustration Of Detector Placement Near Driveways 

Special Conditions To Avoid 
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I 

I 

It should be noted that detectors should not be located within 3 .3 meters (10 feet) of any 
manhole, water valve, or other appurtenance located within the roadway itself. This distance is 
required to permit sufficient clearance to allow work at these locations without disturbing the 
detector. 

Special Detector Locations 

Placing detectors is not limited to these locations on the arterial street system. Observing the 
traffic in the field and collecting traffic volume data at some selected locations will help in making a 
decision whether a detector is warranted at other locations. High volume driveways to private or 
commercial property are candidates for the location of a detector. This is especially true when a site 
on the arterial street is unsuitable for a detector. 

Closure-Detector Location 

The information provided here should help traffic control systems management in selecting 
the most strategic locations for placing detectors along arterial streets. After making a preliminary 
plan, the system designer should literally walk through each location to make the final selection of 
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detector locations. This field check should also consider location and access to the intersection 
controller cabinet, special driveway problems, pavement conditions, and manhole locations. 

System detectors located according to these guidelines will provide the traffic control 
software with the most factual information about current, on-street traffic demand patterns. This 
information is useful in selecting the timing patterns (traffic responsive plan selection), providing input 
to on-line optimization techniques (adaptive control strategies), and providing input for local 
intersection optimization (critical intersection control). 

Detector Operation 

After the detectors used in an arterial street traffic control system are located, it is necessary 
to decide whether the detectors are to operate in the pulse or presence mode. This is usually based 
on the decision variables to be used: either density or flow rate. Density, or loop occupancy, is a 
reasonable measure, and is particularly advantageous when traffic over the sampling detector location 
approaches saturation flow. Flow rate will also serve well at most sampling detector locations, 
particularly for operation below saturated flow conditions. 

If occupancy is used as the measure of effectiveness (MOE), then the detector must be 
operated in the presence mode. Figure 5 illustrates the relationship between detector occupancy and 
speed. 

i 6() --------
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Figure 5. Relationship of Loop Detector Occupancy and Operating Speed 
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Occupancy as the measure of effectiveness is sensitive to changes in congestion for occupancy 
values below 20 percent. When the occupancy level exceeds 20 percent, speed changes very little 
as the occupancy percentage increases. This property renders occupancy an insensitive measure of 
effectiveness in the most critical range of observations which are to be used to address changes in 
future downstream congestion. For this reason, flow rate, or traffic counts per unit of time is the 
recommended MOE. 

The choice of flow rate for a particular unit of time as indicated by the MOE, usually dictates 
that the pulse mode of detector operation be used. Use of the pulse mode eliminates the potential 
problem of vehicles stopping over the detector. Pulse mode has proven the most reliable mode for 
counting traffic volumes. 
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3. FINDINGS AND RECOMMENDATIONS 

This study failed to uncover significant findings from previous research on the placement of 
sampling detectors for computerized traffic control systems on arterial streets. Based on previous 
work in this study, and on a rational review of traffic and detector characteristics, four findings of this 
effort are significant: 

1. There is no widely accepted guideline for the selection of sampling detector locations 
on arterial streets. 

2. Traffic patterns tend to change in relatively short distances on an arterial. The 
detector location must be capable of responding to minimize congestion 
downstream. An 800 meter (one-half mile) average spacing of sampling detectors is 
suggested to provide the necessary coverage. 

3. The pulse mode of detector operation is recommended for sampling detector 
operation, because it provides greater accuracy. 

4. The cost of field data collection and analysis to select the best detector sites is 
generally greater than the cost of installing loop detectors at all candidate sites and 
selectively·using them as the data reveals the degree of correlation of traffic flows 
with downstream locations. Therefore, sites at about 800 meter (one-half mile) 
intervals should be selected in accordance with the procedure outlined in Figure 1, 
and loops should be installed. Correlation of site data with downstream congestion 
may then be done over time to fine-tune the system. 
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