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HIGHLIGHTS

e The number of approach lanes and approach volume level significantly affect the accuracy of traffic volume counts while the sensor

installation position does not.

o At a typical 3-lane approach intersection, average accuracy ranged from 99.8% for low approach volume level (less than 100veh/h/In) to
98.7% for high approach volume level (greater than 250veh/h/In).
e At a 5-lane approach intersection, average accuracy ranged from 94.6% for low approach volume level to 89.2% for high approach

volume level.

o Installing microwave sensors following the manufacturer's specifications is the key for getting reliable data.
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ABSTRACT

Over the past few years, the Utah Department of Transportation has developed the signal
performance metrics (SPMs) system to evaluate the performance of signalized in-
tersections dynamically. This system currently provides data summaries for several per-
formance measures, one of them being turning movement counts collected by microwave
sensors. As this system became public, there was a need to evaluate the accuracy of the
data placed on the SPMs. A large-scale data collection was carried out to meet this need.
Vehicles in the Hi-resolution data from microwave sensors were matched with the vehicles
by ground-truth volume count data. Matching vehicles from the microwave sensor data
and the ground-truth data manually collected required significant effort. A spreadsheet-
based data analysis procedure was developed to carry out the task. A mixed model analysis
of variance was used to analyze the effects of the factors considered on turning volume
count accuracy. The analysis found that approach volume level and number of approach
lanes would have significant effect on the accuracy of turning volume counts but the
location of the sensors did not significantly affect the accuracy of turning volume counts.
In addition, it was found that the location of lanes in relation to the sensor did not
significantly affect the accuracy of lane-by-lane volume counts. This indicated that accu-
racy analysis could be performed by using total approach volumes without comparing
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specific turning counts, that is, left-turn, through and right-turn movements. In general,
the accuracy of approach volume counts collected by microwave sensors were within the
margin of error that traffic engineers could accept. The procedure taken to perform the

analysis and a summary of accuracy of volume counts for the factor combinations
considered are presented in this paper.
© 2017 Periodical Offices of Chang'an University. Publishing services by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The Utah Department of Transportation (UDOT) has devel-
oped the signal performance metrics (SPMs) system for real-
izing automatic performance evaluations using the extensive
traffic flow data collection infrastructure for signalized in-
tersections consisting mainly of microwave sensors (UDOT,
2015). The system currently provides data summaries for
performance measures, including 1)
coordination diagram, 2) speed, 3) approach volume, 4)
Purdue phase termination charts, 5) split monitor, 6) turning
movement volume counts, 7) arrivals on red, 8) approach
delay. These performance provide signal
engineers and others, including the public, immediately
access to the data, which in turn allow them to respond
quickly to traffic related problems and to collect traffic data
for modeling, planning, and other traffic studies. Though the
SPMs is operating and functional, UDOT did not have data to
provide the accuracy of performance measures to its users.
Therefore, this study was conducted from October 2013 to
June 2015 to evaluate accuracy of turning volume counts and
to provide calibration factors so that the users of SPMs can
be informed to properly interpret the turning volumes
reported in the SPMs.

To meet the goal of the study, a large-scale data collection
was carried out. Then, a procedure was developed to match
vehicles in the Hi-resolution (Hi-res) data created by micro-
wave sensors and the ground-truth turning vehicle counts
collected in the field or through UDOT's CCTVs, accessible
from the research team's transportation laboratory. A mixed
model analysis of variance (ANOVA) was then performed to
evaluate the effects of controlling factors on turning volume
count accuracy. A summary of the accuracy of microwave
sensors used in the SPMs has been published and available in
the literature (Chang et al., 2016; Saito et al., 2015). It reported
that two factors, approach volume level and number of
approach lanes, significantly influenced the accuracy of the
approach volume counts and that sensor position did not have
significant effect on the accuracy of approach volume counts.
The effect of approach speed limit on approach volume ac-
curacy was found inconclusive. In general, as the intersection
become larger, the accuracy of approach volume counts de-
creases and as the approach volume level increases, the ac-
curacy decreases. In the paper by Chang et al. (2016), the
process of data collection, data reduction, and statistical
analyses to reach the conclusions were only briefly
mentioned due to the limit on paper length. A spreadsheet-

several Purdue

measures

based analysis procedure was developed during the course
of the study to carry out the task. The data reduction to
match vehicles from the two data sets was the most time-
consuming activity of this study and required much
engineering.

The focus of this paper is on the procedure taken to match
vehicles in two data sets. It begins with a brief summary of the
literature review on traffic volume count tools, followed by the
study method used in the study, and describing the site se-
lection and data collection, and data reduction process, then,
a brief summary of the results of statistical analysis, and
conclusions are obtained.

2. Literature review

This paper briefly presents a summary of two categories of
roadway traffic sensors and the way in which a microwave
sensor works. Referred to Saito et al. (2015), more information
on microwave and other roadway traffic sensors were
discussed. There have been a number of studies on
microwave traffic sensors (Edgar, 2002; Medina et al., 2012,
2013a, 2013b; Prevedouros, 2004). They reported that
microwave sensors provide practically accurate traffic
counts in normal weather conditions (Edgar, 2002; Medina
et al, 2012), however, their accuracy may decrease
significantly in adverse weather conditions, especially under
strong winds that might cause oscillation of the traffic signal
mast arm to which they were attached (Medina et al., 2013a,
b). For such cases, installation of damping plates or
microwave sensors on the vertical pole were suggested
(Medina et al., 2013b).

2.1. Roadway traffic sensor types

Traffic sensors are grouped into two categories: non-intrusive
(or over-roadway) and intrusive (or in-roadway). The defini-
tion of a non-intrusive sensor “is traffic detection sensors that
cause minimal disruption to normal traffic operations during
installation, operation and maintenance compared to con-
ventional detection methods” (SRF Consulting Group, 2010).
Examples of these types of sensors include infrared,
magnetic, radar, ultrasonic, acoustic, and video imaging
(FHWA, 2016; Jeon et al., 2014; Windmill Software Ltd, 2016).
On the opposite side of the non-intrusive sensors are
intrusive sensors, or traditional sensors, which are defined as
“devices ... that involve (the) placement of the sensor tech-
nology on top of or into the lane of traffic being monitored”
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