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Summary: Due to their widespread adoption, smartphone applications (apps) could
allow for a simple, low-cost assessment of driving behavior on a population scale. A
number of existing apps are capable of measuring g-forces while driving, but few
evaluations have been conducted to determine their accuracy. The goal of this study was
to compare the measurement of g-forces between two devices: a custom-built smartphone
app and an in-vehicle device that is currently used for research purposes (DAS). The test
occurred under experimental conditions on a test track, where a vehicle, equipped with
both the DAS and a smartphone with the app installed, performed a number of different
acceleration events (e.g. hard-braking, sharp turning, etc.) under controlled conditions.
We found that the app captured data that followed the same overall pattern of the DAS,
but had a lower amplitude of measurement and a lower signal-to-noise ratio in the data.
In general, the strength of the association between the app and DAS improved as the
velocity of the events increased (though this was not true for all maneuvers). The
correlations between the app and DAS were weaker for other maneuvers, and this may be
due to delays in registering the maneuver. These findings indicate that a smartphone
application did not register driving maneuvers in the same way that a dedicated in-vehicle
device recorded them. Smartphones are ubiquitous and could represent a valuable driving
research tool, however steps such as validation and testing are required, before they can
be deployed in field trials.

INTRODUCTION

Motor vehicle crashes are the leading cause of death and a leading cause of injury for teenagers
in the United States. In 2014, the most recent year data are available, approximately 2,500
teenagers in the United States aged 1619 were killed, accounting for one third of all deaths in
this age group[1]. A naturalistic driving study found that teenage drivers’ elevated gravitation
force (g-forces) event rates predicted their at-fault crashes [2]. Specifically, a composite measure
of elevated g-force event rates (g-forces/miles driven) in the preceding month showed strong
prediction of at-fault crashes and near-crashes in the following month. In that study, lateral and
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longitudinal acceleration and yaw, were measured by accelerometers installed in the vehicles of
the research subjects.

Today, accelerometers have become ubiquitous due to their presence in smartphones. In 2013,
three out of four teenagers in the U.S. owned a smartphone [3]. Smartphones are universally
equipped with accelerometers, and GPS technology. Previous studies have demonstrated that
smartphone accelerometers are a valid tool to measure other locomotion behaviors such as
physical activity [4-6]. A number of existing smartphone applications (apps) are capable of
measuring g-forces while driving. Automatic™ (2014) generates a driving score based on g-force
events, and provides feedback to users to reduce gas consumption. TimetoDrive™ (2012)
captures hard stops, and records the amount of driving.

Few evaluations have been conducted to determine the accuracy of these apps. Due to their
proprietary nature, data that would allow for the assessment of g-force events and rates are not
available to users or researchers. The use of widely available technology could extend the
potential for research on risky driving to previously unmeasured populations. This would
represent a new approach to understanding driving risk, using objective measures that are known
to predict crashes. The purpose of this study was to compare measures of lateral and longitudinal
acceleration from a custom-built smartphone app to a widely used in-vehicle device that
measures acceleration.

METHODS

A smartphone app was developed for use on a Samsung Galaxy S5, running the Android 4.4
(KitKat) operating system [7]. The specifications for the app included the ability to measure the
amount of driving (by trip duration and distance); lateral and longitudinal acceleration at
multiple intensities; store these events in a database; and allow downloading of stored events to a
database. The app was pilot tested and refined based in small-scale field tests in Washington
D.C.

The ability of the app to measure lateral and longitudinal acceleration was compared with a
widely used research tool for measuring g-force events; the Nextgen Data Acquisition System
(DAS) developed at the Virginia Tech Transportation Institute (VTTI). The DAS uses the
LSM303DLM 3-axis (3D) digital linear accelerometer, which also include a 3D digital magnetic
sensor [8]. The device is factory calibrated for linear acceleration sensitivity, and linear
acceleration level. According to the manufacturer, the adjustment values necessary for accurate
measurement are stored inside the device in non-volatile memory. When the device is turned on,
these parameters are downloaded into the registers to be used during normal operation, which
allows the use of the device without further calibration.

The test occurred under experimental conditions on the Smart Road at Virginia tech [9]. The
Smart Road is a 2.2-mile (3.5-kilometer), controlled-access closed-course system with a two-lane
road constructed on a hillside. This private road segment allowed for a vehicle, equipped with
both the DAS and a smartphone with the app installed, to undergo a number of different
acceleration events (e.g. hard-braking, sharp turning, etc.) under controlled conditions, according
to an experimental protocol.
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Experimental protocol

The app was installed on a smartphone that was mounted vertically (portrait position) on the
windscreen inside the vehicle, alongside the DAS. A second phone (without the app installed)
provided feedback of g-forces during driving maneuvers to the driver (Figure 1). The
experimental drive was divided into four driving maneuvers: cornering left and right around a
traffic circle, braking while driving in a straight line, accelerating from a stationary position,
turning left and right at an intersection. Each maneuver was executed to reach a target level of
force in order to determine the ability of the app to measure g-forces of different magnitudes
(Table 1). The app and the DAS were re-started for each new task.

Table 1. Driving maneuvers and

target G-forces

in the test vehicle

Driving Maneuver | Target g-force
Cornering
Driver Feedback Phone Mild Left 0.2-03G’s
Moderate Left 03-04G’s
Hard Left 0.5-0.6G’s
4 Mild Right 0.2-0.3G’s
i Moderate Right 03-04G’s
Hard Right 0.5-0.6G’s
Vertically Braking -
Mild 04-0.5G’s
Mounted Phone Moderate 0.5-0.6G’s
Hard 0.6-0.7G’s
Acceleration from stationary position
Mild 0.2G’s
Hard 03-04G’s
Turns
Mild Left 0.2-0.3G’s
Moderate Left 04-0.5G’s
Hard Left 0.6-0.7G’s
Mild Right 0.2-03G’s
Moderate Right 04-0.5G’s
Hard Right 0.6-0.7G’s
-Q\ Figure 1. Smartphones and DAS mounted

Data processing and analyses

The timestamps and the axes of the data collected by each device were aligned and plots were
generated for each maneuver. The DAS data required a correction factor to account for the fact
that the accelerometer did not consistently register zero at rest. This correction factor was
achieved by subtracting the mean of the observed values for each maneuver from the data (de-
meaning) [10]. Demeaning was applied to data collected by both the DAS and app. Spearman
rank correlations were conducted between the app and DAS for longitudinal and lateral
acceleration. In addition, the percentage of time each device registered g-forces above 0.2 G’s
for each maneuver was calculated to compare data collection of elevated g-force events.
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RESULTS

The correlation between the lateral acceleration measured by the app and the DAS varied widely
according to the nature and intensity of the driving maneuver. The highest correlation between
the app and the DAS was observed for cornering hard right, » = .65 (Table 2 and Figure 2). For
both left and right cornering, the strength of the correlation increased as the speed of the
maneuver. However, the association was weaker for braking, acceleration and turning. In
general, the patterns of acceleration recorded by the app and the DAS were similar, although the
app consistently measured acceleration at a lower amplitude and with a lower signal-to-noise
ratio (which is likely to be due to greater vibration). This is pattern is evident in Figure 2, which
is the lateral acceleration plot from turning right at the highest speed (hard right). This plot is
typical of the plots from several maneuvers, and reflected by the DAS recording a higher
percentages of time where lateral acceleration was greater than 0.2 G’s.

Table 2. Lateral Acceleration Correlation and Percent Time Above 0.2 G’s for DAS and App

Driving Maneuver Correlation between Percent time > 0.2 G’s*
DAS and App* DAS | App
Cornering
Mild Left 0.42 0.06 0.00
Moderate Left 0.49 0.18 0.00
Hard Left 0.58 0.37 0.03
Mild Right 0.52 0.08 0.00
Moderate Right 0.59 0.24 0.00
Hard Right 0.65 0.32 0.03
Braking
Mild 0.10 0.00 0.01
Moderate 0.14 0.00 0.00
Hard 0.05 0.05 0.00
Acceleration from stationary position
Mild 0.06 0.00 0.00
Hard 0.04 0.00 0.03
Turns
Mild Left 0.15 0.01 0.00
Moderate Left 0.26 0.07 0.01
Hard Left 0.17 0.07 0.03
Mild Right 0.09 0.01 0.00
Moderate Right 0.08 0.04 0.02
Hard Right 0.02 0.04 0.03
*Results based on the total data collected for each individual maneuver
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Figure 2. Lateral Acceleration Time Series for Turning Hard Right Recorded by App and DAS*
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*Time series of lateral acceleration for turning hard right only. The correlation for this maneuver was »=0.65

The correlation between the app and DAS for longitudinal acceleration ranged from moderate to
weak (Table 3). During mild and hard acceleration, the association between the app and the DAS
was highest (» = .36 and 44 respectively). The correlation was weaker for braking, although the
observed differences appear to be due to a delay in the app recording the events, relative to the
DAS (figure 3). The app and DAS had higher correlations during left cornering and left turns,
compared to right cornering and turns. The DAS also registered a consistently higher percentage
of time when the longitudinal acceleration was greater than .2 G’s.

Table 3. Longitudinal Acceleration Correlation and Percent Time Above 0.2 G’s for DAS and App

Driving Maneuver Correlation between | Percent time above 0.2 G’s
DAS and App DAS | App
Cornering
Mild Left 0.29 0.03 0.00
Moderate Left 0.31 0.05 0.00
Hard Left 0.34 0.11 0.02
Mild Right 0.05 0.06 0.00
Moderate Right 0.08 0.06 0.01
Hard Right 0.04 0.10 0.02
Braking
Mild 0.21 0.21 0.09
Moderate 0.27 0.40 0.11
Hard 0.13 0.22 0.11
Acceleration from stationary position
Mild 0.36 0.04 0.00
Hard 0.44 0.28 0.05
Turns
Mild Left 0.20 0.00 0.00
Moderate Left 0.32 0.01 0.01
Hard Left 0.33 0.07 0.02
Mild Right 0.14 0.02 0.00
Moderate Right 0.23 0.08 0.01
Hard Right 0.23 0.11 0.01
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Figure 3. Longitudinal Acceleration Time Series for Hard Braking Recorded by App and DAS*
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*Time series of longitudinal acceleration for hard braking only. The correlation for this maneuver was r=0.13
DISCUSSION

The goal of this study was to compare the measurement of g-forces between two devices: a
custom-built smartphone app and an in-vehicle device that is currently used for research
purposes. While neither device was validated against a known gold-standard, the purpose of the
experiment was to determine the capabilities and limits of the app, for the purpose of identifying
where future modifications and improvements could be made.

We found that the app captured data that followed the same overall pattern of the DAS, but had a
lower amplitude of measurement and lower signal-to-noise ratio. The app had a high correlation
with the DAS on certain driving maneuvers, such as left cornering and turning, and rapid
acceleration from a stationary position. In general, the strength of the association between the
app and DAS improved as the velocity of the events increased (though this was not true for all
maneuvers). This is a promising finding, as the driving maneuvers of interest tend to be those at
highly elevated g-forces. The correlation between the app and DAS were weaker for other
maneuvers, and this may be due to a delay in registering the maneuver.

Provided they are able to deliver a reliable and accurate measurement of driving behavior,
smartphones could be used by commercial fleets, insurance companies and parents of teenage
drivers. These findings indicate several changes are necessary before a smartphone app can be
used for research purposes. These include investigation of the hardware or software-related
reasons for the lower amplitude data and event-detection delays, and signal filtering to eliminate
the high frequency content in the data collected by the app.

CONCLUSION

Due to their widespread adoption, smartphone applications could allow for a simple, low-cost
assessment of driving behavior on a population scale. We found that a custom-built app was able
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to measure certain driving maneuvers well, but had some limitations. With the necessary
modifications, the app could be refined and used in a small-scale field study.
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