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Increasing Accuracy of Vehicle Speed Measurement in Congested Traffic
over Dual-Loop Sensors

Introduction

Classified vehicle counts are a critical measure for forecasting the health of the roadway infrastructure
and for planning future improvements to the transportation network. Balancing the cost of data
collection with the fidelity of the measurements, length-based vehicle classification is one of the most
common techniques used to collect classified vehicle counts. Typically the length-based vehicle
classification process uses a pair of detectors in a given lane to measure effective vehicle length. While
the calculation is simple and seems well defined, this study demonstrates that small changes in the
calculations can lead to large differences in performance during challenging conditions. In particular,
most conventional calculations assume that acceleration can be ignored, which simply is not the case in
congested traffic. As a result of this fact, many operating agencies are reluctant to deploy classification
stations on roadways where traffic is frequently congested. This study examines six variations of the
conventional vehicle length calculation and develops a seventh that also estimates constant
acceleration. It then highlights two of these approaches that work well in extreme conditions on
freeways for speeds down to 15 mph. This range should be sufficient for most applications. Then using
empirically collected data we find that the extreme events were uncommon and even the conventional
method did quite well in stop-and-go traffic since the slower traffic moves, the lower the flow during
that period. In any event, the key to success is the use of well-tuned detectors.

Findings

This study examined length measurement for vehicle classification at dual-loop detectors on a freeway
during congested conditions where speed is low enough that acceleration cannot be neglected. We
consider six variations of the conventional length measurement method (CMe), all of which assume
acceleration is zero. We developed a new method for measuring length (NM) that instead assumes
acceleration is constant, but might be non-zero. We then evaluated all seven of the length measurement
methods under different vehicle-motions (first using strictly defined motions, then empirically observed
trajectories, and finally using actual dual-loop detector data).

The six CM variants exhibited markedly different performance under the strictly defined motions, with
CM+ showing the best results among the six conventional methods. Meanwhile, NM was slightly better
than CM+ across all seven methods, but only by the smallest of margins. All of the methods worked well



given zero acceleration. Under constant acceleration the absolute relative error from CM exceeds 5% for
Vo<23 mph, illustrating why operating agencies are reluctant to use conventional methods in
congestion. Across all seven methods, the absolute error increases with L. and the reciprocal of Vy, so in
contrast to CM, the error from CM+ remains below 5% under more challenging conditions: down to V=6
mph with L.=70 ft. Suggesting that length measurements and classification could be extended to these
lower speeds provided care is taken to ensure that the detectors are well-tuned. Considering typical
accelerations, |a|]<3 mphps we find that NM, CM+, CMX and CMY all have errors below 5% for speeds
down to 20 mph for L.=70 ft and similar performance at lower speeds for shorter values of L.. We
suspect that it is possible to realize further gains by considering the differences between the various
length measurement methods.

All seven of the length measurement methods will yield poor performance when a vehicle stops over
the dual-loop detector. Recognizing the severity of the measurement error when a vehicle stops over
the dual-loop detector, we have ongoing work to use the dual-loop detector measurements to identify
all of the vehicles that may have stopped over a dual-loop detector. In the meantime, as preliminary
guidance, assuming reasonable acceleration rates, those vehicles that stop should have a measured
speed below 10 mph. Fortunately, the simple fact that flow goes to zero as speed drops to zero means
that relatively few stopping vehicles are actually observed in the data. From the NGSIM I-80 data, out of
5,675 vehicles we found that all of the 110 stopped vehicles had a measured speed below 10 mph, while
only 10.4% of the non-stop vehicles had a speed below 10 mph even though conditions were stop-and-

go.

In the empirical validation CM did almost as well as CM+ and NM in congestion, suggesting that the
regular method is already doing quite well for the evaluation datasets. The extreme accelerations and
the worst-case stop locations from the vehicle-motion analysis were fairly uncommon in the empirical
data. Furthermore, in stop-and-go traffic few vehicle measurements will be impacted since the slower
traffic moves, the lower the flow during that period. The good performance is also due in part to the fact
that, "the [length based] classification scheme is tolerant to large length estimation errors provided the
true length is far from the boundary between two classes." Indeed, when using real loop detector data
there is a lot of scatter from length measurement errors (some up to 20 ft), but only a few of these
errors place a given vehicle in a different class. Whether these results are typical of other locations will
require further data collection. In any event, the empirical results also underscore the importance of
using well-tuned detectors; otherwise the length measurement errors would be much larger at any
speed for all seven of the methodologies discussed herein.

Recommendations

This study analyzed the performance of various speed and length calculations from dual loop detectors
in congested traffic. Some of the methods proved robust enough to accurately classify vehicles down to
10 mph, thus, enabling length based classification at locations that regularly see recurring or non-
recurring congestion. The methods should also lead to improved speed measurement for other
applications, e.g., traffic management. Operating agencies should consider adopting the new



aggregation method as a way to improve the performance of the deployed vehicle detection

infrastructure.
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Figure 4.1. Percentage of vehicles in each measured average speed bin by method with
absolute relative error in length for 1-80 (a) <1%, (b) <5%. Repeating for US-101 (c)
<1%, (d) <5%.
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Figure 4.2. Measured effective length versus true effective vehicle length from (a) NM on
the BHL dual-loop detector data, (b) CM+ on the BHL dual-loop detector data, (c) CM
on the BHL dual-loop detector data, (d) NM on the NGSIM synthetic dual-loop detector
data, (¢) CM+ on the NGSIM synthetic dual-loop detector data, and (f) CM on the
NGSIM synthetic dual-loop detector data. All six subplots use the same exact set of

passing vehicles.
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CHAPTER 5. CONCLUSIONS

This study examined length measurement for vehicle classification at dual-loop
detectors on a freeway during congested conditions where speed is low enough that
acceleration cannot be neglected. We consider six variations of the conventional length
measurement method (CMe), all of which assume acceleration is zero. We developed a
new method for measuring length (NM) that instead assumes acceleration is constant, but
might be non-zero. We then evaluated all seven of the length measurement methods
under different vehicle-motions (first using strictly defined motions, then empirically

observed trajectories, and finally using actual dual-loop detector data).

The six CM variants exhibited markedly different performance under the strictly
defined motions, with CM+ showing the best results among the six conventional
methods. Meanwhile, NM was slightly better than CM+ across all seven methods, but
only by the smallest of margins. All of the methods worked well given zero acceleration.
Under constant acceleration, consider Figure 3.1 when L, = 50 ft and a = 3 mphps, the
absolute relative error from CM exceeds 5% for Vy, < 23 mph, illustrating why operating
agencies are reluctant to use conventional methods in congestion. Recall that across all
seven methods, the absolute error increases with L, and the reciprocal of Vy, so in
contrast to CM, the error from CM+ remains below 5% under more challenging
conditions: down to V, = 6 mph with L, = 70 ft. Suggesting that length measurements
and classification could be extended to these lower speeds provided care is taken to
ensure that the detectors are well-tuned. Considering typical accelerations, |a| <
3 mphps we see that NM, CM+, CMX and CMY in Figure 3.2 all have errors below 5%
for speeds down to 20 mph for L, = 70 ft and similar performance at lower speeds for
shorter values of L.. We suspect that it is possible to realize further gains by considering
the differences between the various length measurement methods, e.g., comparing

Equations 2a and 2b to determine if just one if them is impacted by acceleration.
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All seven of the length measurement methods will yield poor performance when a
vehicle stops over the dual-loop detector. Recognizing the severity of the measurement
error when a vehicle stops over the dual-loop detector, we have ongoing work to use the
dual-loop detector measurements to identify all of the vehicles that may have stopped
over a dual-loop detector, e.g., [13]. In the meantime, as preliminary guidance, assuming
reasonable acceleration rates, those vehicles that stop should have a measured speed
below 10 mph. Fortunately, the simple fact that flow goes to zero as speed drops to zero
means that relatively few stopping vehicles are actually observed in the data. From the
NGSIM I-80 data, out of 5,675 vehicles we found that all of the 110 stopped vehicles had
a measured speed below 10 mph, while only 10.4% of the non-stop vehicles had a speed

below 10 mph even though conditions were stop-and-go.

In the empirical validation CM did almost as well as CM+ and NM in congestion,
suggesting that the regular method is already doing quite well for the evaluation datasets.
The extreme accelerations and the worst-case stop locations from the vehicle-motion
analysis were fairly uncommon in the empirical data. Furthermore, in stop-and-go traffic
few vehicle measurements will be impacted since the slower traffic moves, the lower the
flow during that period. The good performance is also due in part to the fact that, "the
[length based] classification scheme is tolerant to large length estimation errors provided
the true length is far from the boundary between two classes," [4]. Indeed, when using
real loop detector data, Figure 4.2a-c show a lot of scatter from length measurement
errors (some up to 20 ft), but only a few of these errors place a given vehicle in a
different class. Whether these results are typical of other locations will require further
data collection. In any event, the empirical results also underscore the importance of
using well-tuned detectors; otherwise the length measurement errors would be much

larger at any speed for all seven of the methodologies discussed herein.
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