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ABSTRACT 
Queue detection systems have been used in traffic management in work zones and have also been recommended 
for traffic control for special events like sports and conventions. However, they have not been tested in the field. 
This paper presents the results of tests for a queue detection system at two special events in Las Vegas, Nevada. 
The system consisted of two vision detectors, radio frequency communications and one changeable message sign. 
Two aspects of the system were evaluated: the effectiveness of the system in reducing speeds and the cost and 
effectiveness of its deployment. In the tests, traffic data such as queue length and vehicle operating speeds were 
collected and analyzed to see whether motorists respond congestion related message on the changeable message 
sign when they did not perceive the congestion. By this approach, the motorists’ true responses to the system 
were identified. The results indicated that motorists did make positive responses to the messages provided by the 
system. However, it was found that the system may not be cost-effective because significant costs would be in- 
curred in purchasing, installation and maintenance of the system. Recommendations were provided to utilize 
existing message signs and detectors to provide the same information to motorists as a queue detection system 
does. 
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1. Introduction 
It is very common in peak periods that queues back up 
from some freeways to connected arterials, or vice versus 
at some locations in Nevada so that queues interface with 
through lane traffic. One phenomenon is that there are 
many entertainment facilities in Las Vegas that organize 
major events (e.g., conventions) which tend to cause 
short term surges in traffic, and the resulting queues of-
ten become hazardous. Note that these situations pose 
even greater dangers during non-peak periods. It is be-
cause drivers in these non-peak periods may not be from 
the local areas and thus may not be as familiar to road-
ways as the drivers in peak periods (during which most 
of the drivers are commuters). To prevent crashes in this  

situation, an effective approach is to install queue detec-
tors at the potential locations and alert the upstream mo-
torists of the queues using technologies such as changea-
ble message signs. With the messages displayed on a 
changeable message sign, motorists can take due precau-
tions. By doing so, the number of crashes in this situation 
can be reduced.  

Basically, a queue detection system can be applied to 
the following four conditions: 
● Congestion related to recurring traffic conditions 

[1-4], 
● Congestion related to work zones [5], 
● Congestion related to incidents [6], and 
● Congestion related to special events such as sporting 

events and conventions. 
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The time and place for recurring congestion, work 
zones and special events can be known in advance and 
thus the queue detection system can be installed based on 
the evaluation of anticipated traffic congestion conditions. 
However, it is difficult to anticipate in advance the time 
and place for incidents in advance, and thus incident re-
sponse vehicles typically carry portable queue detection 
systems (primarily consisting of a CMS) to incident 
scenes to alert motorists of incidents downstream. So far, 
most of the applications of queue detection systems have 
been for recurring congestion, work zone and incidents. 
Applications of the queue detections to special events 
have been recommended in a guidebook for managing 
traffic for special events, and the queue detection system 
has not be tested for a special event. This study was the 
first attempt to test the queue detection system in selected 
locations for special events. 

A typical queue detection system consists of detectors, 
radio frequency communication and variable message 
signs. Detectors are to collect data of traffic variables 
such as volume, speed and presence from which queue 
length can be estimated. If a queue is detected, the mes-
sages on variable message signs installed upstream will 
be adjusted correspondingly to alerting the motorists of 
the queue downstream. The radio frequency communica-
tion transmits the information of queue detection from 
the detectors to the display controllers attached to chan-
geable message signs. Detectors can be different types 
including tube, loop, radar and camera. 

The evaluation of the queue detection system in this 
study was not on the system reliability or maintenance 
issue. It was focused on whether motorists made re-
sponse to the message displayed on the changeable mes-
sage sign. There have been studies on evaluating the ef-
fectiveness of message sign. It has been not clear wheth-
er the responses by motorists were to the perceived con-
gestions or the displayed message. This study particular-
ly made this distinction in the evaluation.  

The deployments of the queue detection system have 
shown significant effectiveness in reducing the number 
of crashes. For instance, INDOT installed a special 
warning system at an exit on I-65 in 1999. The number 
of crashes was decreased from twenty-eight occurred 
between May and December 1998 to sixteen during the 
same period in 1999. Like many technologies in the In-
telligent Transportation Systems, queue detection sys-
tems for special events involve the installation of the 
system in an area associated with special events. The 
deployment of such a system was not as easy as deploy-
ing a speed trailer in a work zone. The installation and 
maintenance of the system in the field may be very time- 
consuming. Particularly, the time period during which 
the queue detection system can be effective for a typical 
deployment is usually short and thus may not be able to 

justify its applications for special events. Thus, cost and 
benefit analysis was conducted for this system in this 
study. Note that there are traffic control plans developed 
for every special event. However, these plans only cover 
the area close to the places where the activities of special 
events occur. The impacted traffic usually located far 
beyond the area covered by typical traffic control plans. 

To achieve the objective of the study, a literature re-
view was performed primarily on the application of 
queue detection systems in work zones because queue 
detection has been mostly applied in work zones. Based 
on the literature review, it was identified that queue de-
tection system has been tested in several states that 
showed positive results in reducing speeds. Different 
from most of the queue detection system where micro-
wave non-intrusive detectors were used in queue detec-
tion system, this study developed a system that used vi-
sion detection technologies for monitoring traffic condi-
tions at identified location. The developed system was 
tested in Sam Boyd Stadium and in the Thomas & Mack 
Center for a football game and Bull Rider competition, 
respectively. Vision technology was also used to collect 
traffic data for observing the performance of the system 
in term of the motorists’ compliance to the messages 
displayed on changeable message signs. The data derived 
from using the vision detection technology were ana-
lyzed based on the measurements of effectiveness: speed, 
queue length and volume. It was found that vehicle 
speeds can be reduced significantly even when motorists 
did not see the actual queues. Benefits and cost analyses 
were performed for both test sites. It was found that dep-
loying such a queue detection system may not be cost- 
effective due to the high cost of the system that cannot be 
balanced by the saving for avoiding the occurrence of 
some crashes at the identified locations for a special 
event. Thus, the study recommended to use technologies 
such as changeable message signs and traffic sensors that 
have been in place to reduce system costs. That way, the 
cost of deploying the queue detection system can be de-
creased, for which the development of queue detection 
system can be justified. 

In the following part of the paper, the second section 
covers the literature review. The third section details the 
methodology for conducting the tests. The fourth and 
fifth sections present the tests at two locations, respec-
tively. In Section 6, the cost and benefit for adopting the 
queue detection system for special events are covered. 
Conclusions and recommendations were provided in the 
last section. 

2. Literature Review 
Queue detection system is perceived effective in im-
proving safety at recurrently congested location, work 
zone, incidents and special event. There have been many 
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applications of the queue detection system to work zones. 
Thus, the literature review in this section focuses on the 
literature on work zone related application only.  

The queue detection system deployed in work zones is 
also called automatic work zone information system 
(AWIS). It can include different system components, 
dependent upon whether the system intends to dissemi-
nate congestion information to the vicinity of deployed 
changeable message signs or to a larger area beyond the 
work zone area. The typical components of the systems 
are traffic data collection, communications, and dissemi-
nation system. The data collection systems are located in 
work zones where road and traffic conditions are differ-
ent from regular conditions. The collected data are dis-
tributed to motorist in different ways, depending on the 
spatial location of the motorists the system intends to 
serve.  

So far, the following systems manufactured by differ-
ent companies have been tested in previous studies: TIPS 
(Traffic Information and Prediction System), ADAPTIR 
(Automated Data Acquisition and Processing of Traffic 
Information in Real-time), CHIPS (Computerized High-
way Information Processing System, and IntelliZone. 
Each of them has been tested in more than one state. In 
addition to these major systems, there were other systems 
that were developed for research or tested less exten-
sively. They were also reviewed in this study. 

TIPS was developed by Dr. Prahlad D. Pant of the 
University of Cincinnati. It was jointly evaluated in [7] 
and [8]. Basically, the system was designed to collect 
speed data and disseminate travel time information to 
motorists traveling immediately upstream of work zone. 
Through changeable message signs, every motorist pass-
ing the signs can be informed of travel time through 
work zone downstream. Relatively short range commu-
nications were employed for passing information be-
tween where the information was collected and where the 
information was accessed. TIPS have been tested in other 
studies [9-11]. Horowitz et al. [9] evaluated the TIPS 
from the perspective of its impact on traffic diversion. It 
was found that the diversion was not significant. Pigman 
and Agent [10] evaluated the TIPS in the following as-
pects: 1) performance and reliability, 2) travel time esti-
mation, 3) diversion, 4) crash data, and 5) driver opinion. 

ADAPTIR was developed by Scientex Corporation. 
McCoy and Pesti [12] evaluated the ADAPTIR in Ne-
braska. The system collected speed data using RTMS 
which were mounted on the top of portable CMS. The 
collected speed data were processed to determine the 
messages to be displayed on each CMS, which were lo-
cated at different places before a work zone. The mes-
sages displayed on CMSs were speed advisory in nature. 
The system in McCoy and Pesti [12] was evaluated pri-
marily on whether it can reduce vehicle speed. It was 

found that motorists reduced their speed during conges-
tion when they were aware of the presence of work zone. 
It was not known whether the reduction of speed was 
caused by the presence of congestion or the messages on 
portable CMSs. 

In [13], the ADAPTIR was evaluated in Arkansas. The 
system used RTMS to collect speed data, which were 
then transmitted to CMS for display. In addition, the 
speed data and relevant information was transmitted to 
two highway advisor radio stations for broadcasting. 
Furthermore, the speed and traffic information were sent 
to selected group of staff via pager. In their study, Tudor 
et al. (2003) focused on operation and safety issues. 

CHIPS was a product from the ASTI Transportation 
Systems. The system tested in [14] used Remote Traffic 
Microwave Sensors (RTMS) to detect whether there was 
congestion at several places before a work zone. The con- 
gestion information was transmitted to portable CMSs on 
sites or a system at a central location. That way motorists 
both on site and off site can receive the messages and 
made response correspondingly. Trailer mounted CCTV 
cameras were also installed at some places, and live vid- 
eos were transmitted to a remote central location from 
which motorists off the work zone can obtain traffic in- 
formation in the work zone. In the test, traffic informa-
tion was also sent to motorists through email and paging. 
In [14], the effectiveness of the CHIP was evaluated 
based on the travel time of traffic running through work 
zone, diversion rate at off ramp before the tested work 
zone, and some surrogate measures of crashes. 

The CHIPS evaluated in [13] had similar system 
components as the ADAPTIR jointly tested in their study. 
Instead of using landline to transmit information to HAR 
in ADAPTIR, it used cell phone. In addition, it also in-
cluded an email service to disseminate the traffic infor-
mation (traffic condition, delay, and diversion advisories) 
to a selected group of staff. Like their evaluation for the 
ADAPTIR, Tudor et al. [13] evaluated CHIP with the 
focus on operation and safety issues. 

IntelliZone was an AWIS that was manufactured by 
Quixote Transportation Safety [15]. In this system, mag-
netic detectors were installed in each lane to measure 
traffic variables such as speed and volume. A mobile 
command center located on site received the collected 
traffic data through wireless communications and de-
cided on the messages (primarily related to speed) to be 
shown on the portable CMS. The system was evaluated 
for its impact on speed and speed variance. This system 
was also evaluated in [16]. Instead of using magnetic 
detectors, this system integrated microwave detectors for 
measuring speed in their study. 

The D-25 Speed Advisory Sign System from MPH 
Industries was tested in [17]. It is a system that was sim-
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ilar to the one tested in [12], except the speed sign on the 
speed trailer. When the downstream speed differentials 
was less than 15 mph, two strobes, each on one side of 
the speed trailer would flash, and the measured speeds 
would also be displayed. When the downstream speed 
differential was greater than 15 mph, the slowest speed 
measured or the speed limit would be displayed with 
flashing. The purpose of the study was to evaluate the 
effectiveness of the speed trailer in reducing speed and 
speed differential upstream a work zone. Note that the 
effect of the sign with flashing was not separately eva-
luated. It was evaluated as part of a whole operation sce-
nario. 

Research Build System: There were systems that were 
developed by research teams for their evaluation. An 
example was the system developed in [18]. Video detec-
tion technology was used to collect traffic data such as 
speed and vehicle classification. These traffic data were 
transmitted to a controller where they were analyzed to 
determine the messages to display on CMSs that were 
deployed in advance of a work zone. Additionally, a 
website was developed for broadcasting traffic informa-
tion in work zone to a wider area. In this study, Pesti et al. 
[18] focused their effort on the diversion issue, with an 
extensive review on previous studies related to evaluat-
ing the diversion impact of the AWIS. 

It can be seen from the literature review that there 
have been several manufacturers providing AWIS: TIPS, 
ADAPTIR, CHIPS, and IntelliZone. AWIS consists of 
some basic system components: traffic data collection, 
data transmission, controller, message presentation. A 
simple AWIS consists of detectors, wireless communica-
tions, a controller, and CMSs, all on site. The purposes of 
such an AWIS could be speed advisory, travel time and 
delay information provision, and incident alerts. The 
popular traffic data collection technologies are portable 
non-intrusive detectors such as RTMS. Magnetic sensors 
which were used in a study are intrusive in nature, and 
may not be easy to install in a work zone. Video detec-
tion may be a choice, but may suffer from the data relia-
bility problem. Speed was the most basic information 
that can be produced from the system. Other information 
such as queue, congestion, travel time, travel delay, and 
incidents have to involve transforming the speed data 
collected at several places within or upstream a work 
zone. The transformation of the data may bring in the 
reliability issue to the derived information. In most of 
cases, all the detectors were placed upstream a work zone. 
The number of detectors and portable changeable mes-
sage signs could be varying, depending upon the accura-
cy of the information the system intends to provide. The 
major aspects that the system was evaluated were speed 
control, traffic diversion, crashes, operation reliability, 
and information accuracy.  

A more complicated AWIS involved disseminating 
traffic information to a large area beyond work zones. 
Such information would be helpful in trip planning such 
as route choice or departure time choice. The popular 
ways to disseminate the information were highway advi-
sory radio, web site, fax, email, and paging. The popula-
tion of the motorists being able to access the information 
varies from some chosen staff to travelers in a large area. 
The evaluation of such a system is very challenging. The 
system evaluated in this study was a simple system that 
only allows dissemination of queue related information 
in the vicinity of the CMS in the system. 

3. Methodology 
3.1. System Development 
The system developed in this study included a vision 
detection system that was installed at places where 
queues usually formed. This vision detection system 
consisted of two cameras, each covering a number of 
traveling lanes, depending up the locations where the 
tests were conducted. The image data from the cameras 
were transmitted via Radio Frequency to Autoscope that 
was collocated with a changeable message sign upstream 
of queues that were supposed to occur. The image data 
were then processed and analyzed to monitor the traffic 
at the camera locations. A computer program was devel-
oped to make decision on whether the traffic was in con-
gested or non-congested conditions. This program was 
also able to determine the messages to be presented on 
the message board. A connection was also made between 
the program and the message board, which allowed the 
recommended messages to be displayed appropriately. 
The program was written such that the messages on the 
message board can be changed manually. 

3.2. Choice of Test Sites 
In this study, four facilities have been considered as test 
sites: Las Vegas Speedway, Las Vegas Convention Cen-
ter, Thomas & Mack, and Sam Boyd. The basic criteria 
used to choose a facility to conduct the test are: 

1) There are queues formed during a special event that 
are frequently occur and be stabilized at relatively a pre-
dictable location on a roadway segment for a noticeable 
time period; 

2) There are utilities such as light poles, sign cranes 
and traffic control poles near the location that allow to 
mount the components of the queue detection system 
such as cameras and RF antennas. 

It is required to have a queue that fluctuates at a fixed 
location because the queue detection system tested in this 
study works only at a predetermined location. If the 
queue progresses quickly in a vicinity of a location such 
as a ramp or an intersection, the queue detection system 
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can exhibit its function only for a short period of time, 
for which the effectiveness of the system for a sustaina-
ble period cannot be evaluated.  

Several visits to each candidate facilities were made. 
Before the visits to a facility, meeting with the traffic 
control personnel of the facilities were held for informa-
tion on the location where queues frequently appear. The 
background information on the traffic control plan for 
special events held in a facility can also be obtained 
which would help determine the situation of congestion 
in special events. Visits to the identified sites were made 
later on to observe the progression of queues and the 
availability of utilities to install the system components. 
Usually, a sketch of the identified location was devel-
oped. This sketch was used to determine the location of 
system components. In particularly, the following con-
siderations were given: 1) Location of the CMS, 2) Loca-
tion of detectors, and 3) Communications between CMS 
and the detectors. Finally, it was Thomas & Mack Center 
and Sam Boyd Stadium were chosen as the test sites, one 
on the freeway and the other on street arterial. 

3.3. Field Data Collection and Data Analysis 
Vision detection technology was used to collect traffic 
data for system evaluation. Cameras were installed on 
light poles before and after the changeable message sign. 
The videos recorded were processed in-house for output-
ting the traffic data. The evaluation of the queue system 
for special events was focused on testing whether the 
system can truly be effective in reducing speeds. To eva-
luate whether motorists slowed down for the messages 
on the message board, the time period showing the mes-
sage “Congestion Downstream” was split into at least 
two parts – one with queue that cannot be seen by the 
drivers, and the second with queue that appear in eyes of 
the drivers. The differences between traffic variables 
such as queue length during these time phases were used 
to demonstrate the effectiveness of the queue detection 
systems on slowing down traffic. Whether the differenc-
es between the traffic variables were significant statisti-
cally was tested using hypothesis testing method. 

3.4. Cost and Benefit Analysis 
The objective of the benefit and cost analysis was to de-
termine the characteristics (duration and length of impact 
area) of the special events that can result in more benefits 
than the cost incurred for installing such a queue detec-
tion system. Thus, the benefits and costs were calculated 
for individual special events. 

The benefit that can be realized due to the reduction of 
speeds of vehicles at special events and thus the corres-
ponding reduction of accidents can be estimated based on 
costs that would be saved for not having these accidents 

happening. According to [19], “a 1 km/h change in speed 
can expect to result in a 3% change in the number of 
crashes”. Thus, if the total change in speed is expressed 
as v∆  (mph), the change in the number of crashes can 
be estimated as: 

crash crash0.03
0.6213

v N
∆

∆ = × ×          (1) 

where crashN  denotes the total number of crashes esti-
mated to happen in a special event. In this study, v∆  
was the speed reduction caused by deploying the queue 
detection system. In addition, only two categories of 
crashes were considered: fatal and non-fatal. If needed, 
more categories of crashes can be adopted. With the total 
number of crashes estimated for these two categories of 
crashes, the number of crashes that can be avoided due to 
the speed reduction can be calculated using the equation 
below: 

fatal fatal0.03
0.6213

v N
∆

∆ = ×           (2) 

non-fatal non-fatal0.03
0.6213

v N
∆

∆ = ×         (3) 

Since crash rate is known (at least on a national level) 
for different categories of crashes, the total number of 
crashes in these categories can be derived for a road 
segment on which traffic travel for a special event as 
follows: 

fatal fatalN r VMT=               (4) 

non-fatal non-fatalN r VMT=            (5) 

crash fatal non-fatalN N N= +            (6) 

where fatalr  and non-fatalr  are crash rates for fatal and 
non-fatal crashes, respectively; fatalr  and non-fatalr  de-
notes the crash rates for these two categories of crashes, 
and VMT represents the vehicle miles traveled by the 
vehicles through the location where congestion occur 
during special events. 

For a road segment carrying special event traffic, the 
VMT can be estimated as: 

VMT AADT L D= × ×             (7) 
where L  denotes the distance over which vehicles keep 
their reduced speeds. The term D  represents the dura-
tion during which speeds were reduced. It is usually short 
(about half hour in this study) and can be represented as a 
percentage of 24 hours. 

If the unit costs for these two categories of crashes are 
available, the total cost saving (denoted as B for benefit) 
due to avoiding the occurrence of these crashes can be 
estimated as: 

fatal fatal non-fatal non-fatalB c c= ∆ + ∆          (8) 
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where fatalc  and non-fatalc  represent the unit costs for 
these two categories of crashes, respectively. From [20], 
it can be found that the unit costs for the crashes with 
severity level of K, A, B, Code, O, are $3,654,299, 
$181,276, $46,643, $22,201, and $2116, respectively. 
The unit cost for the fatality is $3,654,299, while that for 
the non-fatality crashes was derived as the average of the 
other four unit costs, which gives $63,059. 

The total cost is the sum of the following four catego-
ries of costs: capital (C), installation, operation, and 
maintenance. The capital cost C can be annualized as: 

( )
( )

1

1 1

n

a n

i i
C C

i

+
=

+ −
              (9) 

where i represents the interest rate and n is the life cycle. 
In the calculation in this study, the interest rate was as-
sumed to be 8% for all the system components, and the 
life cycles of different system components were assumed 
the same as 10 years. Because a special event would be 
held for a week at most, the annualized capital cost was 
converted to a daily based value: 

365d aC C=               (10) 

Then, the capital cost for a special event last several 
days can be derived as: 

p dC C D= ×               (11) 

The system components included in the calculation 
were: CMS, cameras, video detection processor, and ra-
dio frequency. One CMS and two RF were counted, 
while two video detection processors and two cameras 
were included. The unit costs for CMS, camera, video 
detection processor and RF were $50,000, $400, $4000, 
and $300, respectively. The present value of the capital 
cost was calculated as $59,100. Since their life cycles 
were assumed the same and be equal to 10 years, the 
annualized cost can be calculated as $8808 at 8% interest 
rate. This annualized cost can be used to derive the daily 
based capital cost dC . 

Installation cost was the cost to set up the system for a 
special event instC . The installation included mounting 
and dismounting cameras and RF, and system integration 
in the field. Mounting the cameras and RF would take 
about three hours with the involvement of one ITS re-
lated technician and one maintenance crew consisting of 
one supervisor and three workers. Dismounting these 
cameras and RF would take approximately another one 
hour. Integrating the system making sure the system 
works as expected would take two more hours in the 
field. The annual salaries for both the ITS technician and 
the supervisor of the maintenance crew were calculated 
at $60,000, and the salary for the three maintenance 
workers was estimated at $40,000. The fringe benefit rate 
was assumed to be 30%. Then, the cost for setting up and 

dismounting the system instC  was calculated at $1503. 
It was also assumed that the ITS technician should be 

available for operating the system during about half of 
the duration of a special event. The cost for this part of 
work comprised the operation cost oprC h D= × , where 
h  is the technician’s hourly rate. 

The maintenance cost was estimated as the half of the 
capital cost, which can be written as: 

0.5p dM C= ×               (12) 

The total cost for having such a system in a special 
event can be derived as: 

0.5p d inst dT C D C h D C D= × + + × + × ×     (13) 

It can be seen from the equation that only the installa-
tion cost is not a function of the impact time period of 
special events. Given the benefit (B) and cost ( )pT  es-
timated above, the benefit and cost ratio can be derived 
as pB T . 

4. Test on Sam Boyd Stadium 
Figure 1 displays several access routes to Sam Boyd 
Silver Bowl. The formal address for this facility posted 
on its website was: 7000 E Russell Rd, Las Vegas, Ne-
vada 89122-8338. Thus, this facility was mostly accessed 
from Tropicana Avenue and Russell Road. Since Russell 
Road exit was suggested as the best candidate for testing 
the technology, the system was set up over there. Anoth-
er condition making this site feasible for testing the sys-
tem was that there were facilities on which the cameras 
and antennas can be mounted. 

It was indicated by the Manager of Special Events in 
the Thomas & Mack Center that congestion usually 
backed up to freeway I-515 from the off ramp at Russell 
Road during events such as football games. Traffic con-
trols for such event were usually set up at locations close 
to Sam Boyd Stadium, not to the area around the freeway. 
Thus, motorists either attending the special events or 
passing the off ramp always ran into the congestion with 
no warning.  

Figure 2 displays the configuration of the system at 
the site. Cameras 2 and 3 were part of the vision detec-
tion system. Two Autoscope image processors were 
connected to these two cameras (one for each of Cameras 
2 and 3, respectively) to collect traffic data such as speed, 
occupancy, and volume. Figure 3 shows utility pole 
where Camera 2 was mounted. One antenna was also 
installed jointly with the camera and the image processor 
at each of these two locations. These antennas were used 
to transmit the traffic data to a RF at the location where a 
CMS was deployed. Figure 3 also presents the plastic 
pole carrying the RF that was attached to the CMS. The 
RF was connected to a computer as a controller. A pro-
gram was written in the controller to determine the ap-  
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Figure 1. Access to Sam Boyd Silver Bowl (Google map). 

 

 
Figure 2. System layouts and evaluation equipment at Russell Rd. off-ramp. 

 

   
(a)                                  (b)                                 (c) 

Figure 3. Components of the queue detection systems in the field. (a) Plastic pole attached to a utility pole carried Cameras 1 
and 2 and a RF. (b) Camera mounted on a plastic pole attached to the CMS trailer. (c) CMS displaying “congestion right 
lane”.  
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propriate messages to be displayed based on analyzing 
the traffic data received from the RF transmissions. The 
space between the RF at CMS and the RFs at the other 
two locations were clear and an eye sight between them 
was available for communications. There are two more 
cameras at the site: Camera 4 at CMS and Camera 1 at 
the location where Camera 2 was mounted. They were 
used to record traffic, which was then processed to derive 
the performance measures for evaluating the perfor-
mance of the queue detection system. 

Field Tests—September 15, 2007 
The football game on September 15, 2007 started on 6:30 
pm. The system was set up at 4:45 pm. From 4:45 pm to 
5:10 pm, no congestion was observed on the off ramp. 
During this time period, no message was displayed on 
the CMS. From 5:10 pm to 5:30 pm, the message “Drive 
Safely” was displayed because no congestion was ob-
served on the off ramp. Starting from 5:30 pm, conges-
tion was observed on the off ramp, but did not back up to 
the mainline freeway. Thus, the message “Congestion 
Right Lane” was displayed since then. At 5:40 pm, it was 
seen that the congestion spilled to mainline freeway and 
motorists can see the congestion from upstream of the 
CMS. The congestion recessed back to the off ramp at 
6:10 pm. The congestion stayed on the off ramp until 
6:30 pm. From 5:30 pm to 6:30 pm, the message “Con-
gestion Right Lane” was displayed for the entire time 
period. The congestion was first not perceivable from the 
mainline, then perceivable, later not be seen again. 

Figure 4 presents the patterns of speeds over the three 
lanes at the location where Cameras 1 and 4 were in-
stalled. From the upper chart in Figure 4 it can be seen 
that the speeds when the message was “Drive Safely” 
was smaller than those when the CMS showed no mes-
sage. When congestion started showing on the off ramp, 
the message turned to “Congestion Right Lane”. The 
speeds were reduced further down. After the congestion 
was presented on the mainline freeway, the speeds were 
reduced additionally, which is the speeds shown at the 
bottom in the upper chart in Figure 4. When the conges-
tion shrank back to the off ramp, the speeds went up to a 
level similar to the case when there was congestion at the 
beginning or the case when there was no congestion. 

From the chart (for Camera 1) in the lower part of 
Figure 4 it can be seen that the similar pattern of speed 
changes can be observed over these different time pe-
riods with different levels of congestion and messages 
shown on the CMS, One difference was that the speeds 
in these time periods at this location were lower than 
those at the upstream Camera 4. These results from 
Cameras 1 and 4 have been tested using the hypothesis 
test method. The test results in Table 1 confirm the re-
sults observed from Figure 4. 

 

 
Figure 4. Speed data from Cameras 1 and 4 on December 
15, 2007. 
 
Table 1. Hypothesis test results for the speeds of traffic 
responding to different messages on September 15, 2007. 

  CAM 4 

  Lane 1 Lane 2 Lane 3 

No Message  No Message 

Drive Safely  < < < 

  Mainline Congestion 

Congestion 
Right Lane 

Ramp 
Congestion 1 > > = 

Ramp 
Congestion 2 > > > 

  CAM 1 

  Lane 1 Lane 2 Lane 3 

No Message  No Message 

Drive Safely  < < < 

  Mainline Congestion 

Congestion 
Right Lane 

Ramp 
Congestion 1 > > = 

Ramp 
Congestion 2 > > = 

Note: Ramp Congestion 1 and Ramp Congestion 2 represent congestions 
happened on the off ramp before and after the congestion spilled to freeway, 
respectively. “<” indicates that the speed in the time period shown on the 
left most column is the same as the time period indicated on the corres-
ponding heading. This definition is the same for “>” and “=”. 
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5. Test at the Site for the Thomas & Mack 
Center 

Visits were made to two special events held at Thomas & 
Mack for observing the traffic congestion on Tropicana 
Avenue (see Figure 5). Queue was seen fluctuating 
around the Pacific Terminal, very close to the Koval Ln. 
Intersection. This observation was briefed to the Thomas 
& Mack and was confirmed. It was also confirmed at the 
site that there were tall light poles that Clark County al-
lowed to install cameras and antennas. 

The site at the Thomas & Mack Center was chosen on 
Tropicana Avenue from Las Vegas Blvd to Paradise 
Road (see Figure 5). During special events such as Pro-
fessional Bull Rider, queues were observed to form at the 
intersection of Paradise Road and Tropicana Avenue and 
backed up to the intersection at Koval Ln. 

To detect the queue backed up from Paradise Rd. and 
monitor the progression of the queue to Koval Ln, two 
cameras (Cameras 1 and 2 in Figure 6) were mounted on 
street light poles. The CMS was deployed on the median 
shoulder at the intersection of Island Way, facing the 
parking garage of MGM Casino and Hotel on Tropicana 
Avenue (see Figure 7). From Figure 5, it can be seen 
that the road segment on Tropicana Avenue from Las 
Vegas Blvd to Paradise Road was straight, between 
which there was no object blocking the eye sight for the 

communications between the RFs that were installed at 
Cameras 1 and 2 and the CMS. 

To collect data for evaluating the performance of the 
queue detection system, Cameras 3 and 4 (see Figure 8) 
were mounted on two light poles, one before and one 
after Island Way. In the test on I-515, one camera was 
mounted on a plastic pole that was attached to the trailer 
that carried the CMS. In the test at this site, however, a 
camera was mounted on street light which provided the 
stability for the camera to collect stable images of videos. 

Field Test on November 3, 2007 
The tests at this site were conducted on November 3, 
2007 for the special event Professional Bull Rider. That 
day, the event started on 6:00 pm. The system was ready 
by 3:20 pm for collecting data before traffic started en- 
tering the game. From 3:20 pm to 3:30 pm, no message 
was displayed on the CMS. By the time 3:30 pm, the 
message changed to “Drive Safely”. From 4:45 pm to 
6:00 pm, the message “Congestion Left Lane” was exhi- 
bited. During this one hour and fifteen minutes, conges- 
tion conditions were changing dramatically. From 4:45 
pm to 5:20 pm, queues fluctuated before the Koval Ln 
Intersection. From 5:20 pm to 6:00 pm, the queues 
backed to the location close to where the CMS was lo-
cated. 

 

 
Figure 5. Direction of traffic to Thomas & Mack. 

 

 
Figure 6. System layouts in the field on Tropicana Avenue. 
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Figure 7. Locations of a CMS and a bus stop. 

 

 
Figure 8. Cameras for collecting observational data for system evaluation. 

 
The videos collected from Cameras 3 and 4 were 

processed to derive the measures of effectiveness: queue 
length and speed, for different time periods, each corres-
ponding to different messages displayed on the CMS and 
the level of congestion condition. From Figure 5, it can 
be seen that traffic had to make left turn at Swenson 
Avenue to enter Thomas and Mack. Thus, queue was 
formed on the left lane. The message “Congestion Left 
Lane” was expected to direct traffic not attending the 
special event to use the right lanes. Thus, the traffic be-
fore the intersection at Island Way on Tropicana Avenue 
may distribute differently over the three lanes comparing 
with the case with no message displayed. Thus, the queue 

lengths before the start of the green light on the three 
lanes on the eastbound approach at the Island Way inter-
section were manually counted through replaying the 
recorded videos on computer. In addition, the speeds of 
vehicles on these three lanes during the green phase of 
signal were derived using the video image processor in-
cluded in Autoscope. With the traffic data-queue length 
and speed, collected, the mobility of traffic and the re-
sultant safety impact were evaluated. From Figure 7, it 
can be seen that a bus stop was located very close to the 
area where motorists were expected to make response to 
the CMS. It was observed in the field that vehicles had to 
wait behind a bus if there was no gap on the next lane for 
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them to change lane. Vehicles could fully utilize the 
space occupied by a bus only when buses left the stop. 
Thus, these two performance measures were collected 
with the distinction whether there were buses presenting 
at the scene. According to the messages shown on the 
CMS, there are distinct three time periods: no message, 
“Drive Safety”, and “Congestion Left Lane”. To show 
whether a visible queue had more impact on motorists’ 
responses to a message, two time periods were distin-
guished for the time period when the message “Conges-
tion Left Lane” was displayed. The first time period was 
corresponding to the duration when a queue did not pass 
the Koval Ln intersection. The second was when the 
queue reached to the area close the CMS and thus motor-
ists can see the queue clearly. 

From Camera 3, the speed and traffic volume data 
were collected for the green light time periods because 
this camera is at the downstream location of the Island 
Way intersection. Queue length data that can be collected 
from Camera 4 cannot be observed from this camera. 
Traffic volumes among these three lanes can be more 
revealing to the impact of the CMS. The speeds meas-
ured at this location can be viewed as the continuation 
from the location at Camera 4. 

Figure 9 presents the queue length collected from 
Camera 4. The upper chart for no bus at the bus stop in-
dicates that there were longer queues in left lanes and 

right lanes. The queue lengths during the congestion time 
period were significantly longer than the other two time 
periods. The queue lengths during the two time periods 
corresponding to congestion visible (close) and invisible 
(far) were very close. A tendency that more traffic 
shifted to right lanes can be observed when the message 
showed “Congestion Left Lane”, which implies that mo-
torists spread out over the lanes even they did not see the 
congestion ahead.  

From the lower part of Figure 9, which displays the 
speed data from Camera 4, it can be seen that the speeds 
on the right lanes were higher than the left lanes, which 
is consistent with our intuitive. In addition, the speeds 
during the congestion period were lower than those in 
non-congestion periods. This observation reflected the 
impact of congestion on speeds. The speeds during the 
congestion period when congestion was far from the 
CMS were lower than those when congestion was close 
to the CMS. Note that these differences in speeds in these 
two conditions are on the magnitude of 2 to 3 mph, 
which is small.  

Figure 10 exhibits the speeds and traffic flow meas-
ured at Camera 3, downstream of Camera 4. It can be 
seen from the upper chart that the speeds during the time 
period when no message was displayed on the CMS were 
higher than those when there were message displayed. 
The speeds when congestion was visible to the motorists  

 

   
Figure 9. Queue length and speeds from Camera 4 on November 3, 2007. 

 

   
Figure 10. Speeds and flows at Camera 3 on November 3, 2007. 
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close to the CMS were lowest. The speeds in the other 
two time periods were in between of these two cases, 
which implies that any message, either “Drive Safely” or 
“Congestion Left Lane”, was effective in slowing down 
vehicles’ speeds. It can also be observed from the chart 
that the speeds when the congestion was not visible at the 
CMS were higher than that during the “Drive Safely” 
was shown. This indicates that the message “Congestion 
Left Lane” was effective in spreading vehicles over the 
traveling lanes and thus increased vehicles’ speeds. From 
the chart at the bottom of Figure 10 it can be seen that 
flows during the time periods when no message was 
shown and “Congestion Left Lane” was shown for visi-
ble congestion were either on the top or at the bottom 
levels. Those flows for the other two conditions were in 
between. This observation is an additional indication that 
support the findings based on the speeds at this location. 

6. Cost and Benefit Analysis 
In calculating the benefit for the site at Sam Body, the 
AADT was taken as 124,667. The speed reduction was 
10 mph for each of the three lanes. From Sinha and Labi 
(2007), it was found that the fatality and non-fatality 
rates for interstate are 0.56 and 46.56 per 100 million 
VMT, respectively. It was assumed that the queue detec-
tion system demonstrated its unique contribution in re-
ducing speeds only during the time period when there 
were congestions on the off ramp. Speeds were also re-
duced during the congestion presented on mainline. 
However, the speed reduction during this time period 
when there was no such a queue detection was installed 
can be viewed as the same as that period when there was 
such a queue detection system in place. It was assumed 
that the time period with the unique contribution by the 
system was 2 hours (the actual duration was 20 minutes). 
The traffic would sustain the reduced speeds up to 1500 
ft. The B/C was calculated as 0.02. Note that the case 
assumed for the calculation was developed based on the 
test on I-515. To conduct a sensitive study on the B/C 
versus the total time period when the queue detection is 
the most effective, the B/C’s was calculated for the spe-
cial event that lasted up to five days. B/C varies from 
0.02 to 0.09. This result indicates that the queue detec-
tion system at the test site was not cost-effective. 

It can be found that the reason for the system being not 
cost-effective is the high costs incurred in planning, de-
signing, operating and maintaining the system. To see the 
condition of a queue detection system with varying level 
of complexity, the queue detection system was simplified 
by including only a CMS and two operators in the field. 
The system works by manually changing the messages 
on the CMS with the traffic report from the other opera-
tors close to the site where congestion usually appears. 
The B/C was calculated as 0.35, still less than 1. 

For the test site at Thomas & Mack, the same method 
as used for Sam Boyd was adopted. Since this site was 
on arterial, the crash rates for fatal and non-fatal crashes 
were assumed to be 1.3 and 124.69, respectively. The 
range on which vehicles could sustain their lowered 
speed was 1500 ft. The time period during which the 
queue detection system can be really effective was two 
hours. The benefit and cost ratio was calculated as 0.02, 
far less than 1, making the cost and benefit even. Consi-
dering the queue detection system being deployed for 
100 times in a year, the benefit and cost ratio is still al-
most the same as 0.02. 

Basically, there are several variables that are critical in 
determining whether the queue detection system is cost- 
effective: the scale of the impacted area, the traffic vo-
lume which influenced the duration during which the 
queue detection system was effective and the crash rate. 
Compared to the work zones for which the queue detec-
tion system can be applied, the major difference is the 
duration during which the system is effective. In the cal-
culation above, two-hour was used, which was longer 
than the actual duration time. It was noted that a work 
zone could last for days and months. During this ex-
tended time period, the traffic running through a work 
zone reduced their speed. Thus, the VMT used to calcu-
late the number of crashes would be significantly high. 
Relatively, the VMT used to derive the number of crash-
es for special events would be small. Thus, the benefit 
generated due to avoiding the crashes would be small. 
This makes the benefit and cost ratio to be smaller than 
one. Based on this analysis, it can be proposed that a 
good strategy for improving safety in special events is to 
use the technologies that are in place already to alert the 
motorists of the emerging congestions. 

7. Conclusions and Recommendations 
In this study, the effectiveness of queue detection system 
in reducing speed was evaluated by focusing on the per-
formance of the system during the time period when 
motorists can only see the message, but not the conges-
tion. In addition, a cost and benefit study was conducted 
to evaluate the conditions that such a queue detection 
system can be beneficial. The following findings can be 
concluded. First, motorists responded to congestion 
message by reducing speeds in some traveling lanes. This 
finding can be found in other studies in evaluating the 
effectiveness of queue detection system. It seems not 
beneficial economically to deploy the queue detection 
system for controlling speed at locations on the ap-
proaches to special events. The reason is that the duration 
of traffic experiencing speed reduction was short which 
made it difficult to generate enough benefits that would 
be produced by avoiding occurring crashes at the loca-
tion approaching to special events.  
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It was recommended that the technologies existing on 
the current roadway system be better used to alert traffic 
queue and congestion. By using the existing technologies, 
the costs for alerting motorists of upcoming congestion 
can be reduced significantly. Two important components 
in a queue detection system are changeable message sign 
for disseminating traffic information and detectors for 
monitoring traffic condition. If a changeable message 
sign exists at a location very close to the location where 
queue would back up during special events, this message 
sign can then be used to display congestion related 
warning message. Less expensive detectors can be dep-
loyed at identified location to monitoring traffic. If 
available, existing detectors can also be used for moni-
toring traffic condition. Usually, changeable message 
signs and sensors comprise a significant portion of the 
total cost of the system. With using the existing changea-
ble message sign and traffic sensors, the total capital cost 
of the whole system can be reduced substantially.  

It should be aware that some parameters used in the 
calculation may have certain variation. For example, the 
crash rates used in the calculation may be on the lower 
side. They may be very high at the location close to spe-
cial events. There might be other saving caused by di-
verting traffic to different routes. The task including this 
in the calculation is challenging and thus not presented in 
this study. 
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