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(57) ABSTRACT

Computer-implemented systems and methods are provided
for the synchronization of data from asynchronous datasets
to form a merged, synchronized data set, and more particu-
larly to systems and methods for merging disparate and
asynchronous data sets that include common dimensions,
such as space and time dimensions, and more particularly
space and time data relating to a driving simulation envi-
ronment (such as driving simulator data and eye tracking
data having disparate time data resolutions), to enable data
extraction from and analysis of the merged, synchronized
data set. A driving simulator system includes a driver
interface having driving controls and a display and creates
driving simulator data files for each driver of the driving
simulator system having data entries that are captured at a
first timing frequency. Likewise, an eye tracking system
includes eye tracking cameras for tracking a driver’s eye
movements when using the driving simulator system and
creates eye tracking data files for each driver of the driving
simulator system having data entries that are captured at a
second timing frequency that is different from the first
timing frequency at which driving simulator data is cap-
tured. A driving behavior analysis computer is also provided
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that merges the asynchronous data embodied in each of the
driving simulator data files and the eye tracking data files to
form a single merged data file based upon an interpolation
of data entries in those data files. The merged data files may
then be further processed to enable extraction and analysis
of the merged data in order to identify various driver
behaviors.

21 Claims, 5 Drawing Sheets
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SYSTEM AND METHOD FOR
SYNCHRONIZATION OF ASYNCHRONOUS
DATASETS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
U.S. Provisional Application No. 63/013,640 titled “Method
to Merge Datasets with Space and Time Variables,” filed
with the United States Patent & Trademark Office on Apr.
22, 2020, the specification of which is incorporated herein
by reference in its entirety.

GOVERNMENT LICENSE RIGHTS

Portions of the invention described herein were made with
government support under Contract No. 69A43551747123
awarded by the United Sates Department of Transportation.
The U.S. government may have certain rights in the inven-
tion.

FIELD OF THE INVENTION

This invention relates generally to systems and methods
for synchronization of data from asynchronous datasets to
form a merged, synchronized data set, and more particularly
to systems and methods for merging disparate and asyn-
chronous data sets that include common dimensions, such as
space and time dimensions, and more particularly space and
time data relating to a driving simulation environment, to
enable data extraction from and analysis of the merged,
synchronized data set.

BACKGROUND OF THE INVENTION

Connected, smart, and automated vehicles offer promis-
ing developments that assist drivers with certain tasks,
which may aid in the reduction of accidents and their
associated injuries and greater convenience and comfort for
drivers and other vehicle occupants. A variety of applica-
tions have been developed deploying those technologies and
others are continuously developing, including applications
intended to improve safety inside of the vehicle (such as
sensing driver fatigue, assisting with braking and lane
change operations in emergencies, etc.). However, given the
newness of such applications, drivers’ reactions to them are
not yet fully understood, despite the fact that understanding
their expected reactions to such applications is an essential
element in ensuring their effectiveness and successful imple-
mentation. Reaction factors such as a driver’s braking,
steering and throttle control, change in speed, and eye gaze
movements are all relevant to how successful a particular
application may be in positively affecting the driver’s behav-
ior.

In order to develop an understanding of drivers’ interac-
tions with and reactions to such applications, evaluation in
an environment other than on-the-road testing is preferable,
particularly where the systems being tested are intended to
mitigate dangerous situations. Thus, testing such applica-
tions in a simulated driving environment may be preferred,
as it removes the physical risk element from the evaluation
process. More particularly, performing evaluations to deter-
mine a driver’s reaction to such applications in a driving
simulator environment allows for the safe evaluation of
whether such applications, and the varied warnings that they
generate during driving, are effective in mitigating risks
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and/or distractions, typical reaction times of drivers to such
warnings, other driver reactions and behaviors in interacting
with such applications, and other factors that will help to
optimize the functionality of such applications.

A key aspect of such evaluations is determining where a
driver’s gaze is directed at key times during a drive. For
instance, if a red-light warning is triggered by such an
application because the driver is approaching a red light at
an excessive speed, it may be because the driver’s attention
is directed away from the traffic light. Having such detail as
to what caused the warning to issue helps to better under-
stand the driver’s overall interaction with the application
that generates the warning, what driver behavior triggers it,
and what the driver does in response to it. Eye tracking
devices have been employed in driving simulator environ-
ments, but the integration of the disparate systems has
proven difficult, particularly in light of the varied time
resolution of data collection from those disparate systems.
More particularly and by way of non-limiting example, data
from a driving simulator may be collected and stored in time
domain snapshots every 100 ms, while data from an eye
tracking application may be collected and stored in time
domain snapshots every 30 ms. In this case, it becomes
necessary to process those disparate data sets in order to
synchronize them to obtain a clear understanding of where
the driver’s gaze was directed at the time of a particular
event of interest, such as a sudden braking maneuver, a rapid
lane change, the running of a red light, or the like. However,
such synchronization efforts have proven difficult absent
significant expense to develop complex software-imple-
mented solutions, which in turn have limited the wide-scale
adoption of such combined driving simulation and eye gaze
tracking systems.

Thus, there remains a need in the art for systems and
methods for synchronization of the disparate data from the
asynchronous datasets of a driving simulator and an eye
gaze tracking system to form a merged, synchronized data
set, so as to enable data extraction from and analysis of the
merged, synchronized data set, without the developmental
expense and complexity that has previously surrounded the
development and deployment of such systems and methods.

SUMMARY OF THE INVENTION

Disclosed herein are computer-implemented systems and
methods for the synchronization of data from asynchronous
datasets to form a merged, synchronized data set, and more
particularly to systems and methods for merging disparate
and asynchronous data sets that include common dimen-
sions, such as space and time dimensions, and more par-
ticularly space and time data relating to a driving simulation
environment (such as driving simulator data and eye track-
ing data having disparate time data resolutions), to enable
data extraction from and analysis of the merged, synchro-
nized data set. In accordance with certain aspects of an
exemplary embodiment, those systems and methods include
a driving simulator system that includes a driver interface
having driving controls and a display, and which creates
driving simulator data files for each driver of the driving
simulator system. Those driving simulator data files com-
prise data entries that are captured at a first timing fre-
quency—i.e., collection of data snapshots or data samples
from the driving simulator system begins at a time t=0, and
thereafter data samples continue to be collected at a first
specific timing interval, such as once every 100 ms, that is
designated by the driving simulator system. Likewise, the
systems and methods set forth herein include an eye tracking
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system that includes eye tracking cameras for tracking a
driver’s eye movements when using the driving simulator
system, and which create eye tracking data files for each
driver of the driving simulator system. Those eye tracking
data files comprise data entries that are captured at a second
timing frequency that is different from the first timing
frequency at which driving simulator data is captured. More
particularly, the eye tracking system collects eye tracking
data snapshots or data samples starting at time t=0 (or
possibly even a time that might slightly vary from time t=0
at which the driving simulator system begins collecting
data), and thereafter continues to collect eye tracking data
samples at a second specific timing interval, such as once
every 30 ms, that is designated by the eye tracking system.
As aresult of those differing data collection timing intervals,
the resulting driving simulator data is not synchronized with
the eye tracking data. Thus, such systems and methods
further employ a driving behavior analysis computer that is
capable of merging the asynchronous data embodied in each
of the driving simulator data files and the eye tracking data
files to form a single merged data file based upon an
interpolation of data entries in those data files, in turn
coordinating the spatial coordinates embodied in the two
files in a single file without the complexity or expense
associated with the real-time integration of such data. The
merged data files may then be further processed to enable
extraction and analysis of the merged data in order to
identify various driver behaviors.

In accordance with certain aspects of an embodiment of
the invention, a system is provided for synchronizing asyn-
chronous data from a driving simulator system and an eye
tracking system, comprising a driving simulator system
comprising a driving interface having driving controls, a
display, and computer executable driving simulator code
configured to execute a driving simulation and to create a
driving simulator data file for each of a plurality of drivers
of the driving simulator system, wherein each driving simu-
lator data file comprises data snapshots captured at a first
time frequency. The system also comprises an eye tracking
system comprising a plurality of cameras and computer
executable eye tracking code configured to create an eye
tracking data file for each of the plurality of drivers of the
driving simulator system, wherein each eye tracking data file
comprises data snapshots captured at a second time fre-
quency different from the first time frequency. The system
still further comprises a driving behavior analysis computer
in data communication with each of the driving simulator
system and the eye tracking system. The driving behavior
analysis computer has a processor executing computer
instructions configured to receive one of the driving simu-
lator data files associated with a first one of the plurality of
drivers; receive one of the eye tracking data files associated
with the first one of the plurality of drivers; and generate a
merged data file for the first one of the plurality of drivers,
wherein the merged data file comprises data from one of the
driving simulator data files and a selection of data from one
of the eye tracking data files that most closely matches in
time each data snapshot in the driving simulator data files.

In accordance with further aspects of an embodiment of
the invention, a method is provided for synchronizing asyn-
chronous data from a driving simulator system and an eye
tracking system, comprising the step of receiving at a
driving behavior analysis computer from a driving simulator
system, a driving simulator data file for each of a plurality
of drivers of the driving simulator system, wherein each
driving simulator data file comprises data snapshots cap-
tured at a first time frequency, wherein the driving simulator

10

15

20

25

30

35

40

45

50

55

60

65

4

system comprises a driving interface having driving con-
trols, a display, and computer executable driving simulator
code configured to execute a driving simulation and to create
the driving simulator data files. The method further com-
prises receiving at the driving behavior analysis computer
from an eye tracking system an eye tracking data file for
each of the plurality of drivers of the driving simulator
system, wherein each eye tracking data file comprises data
snapshots captured at a second time frequency different from
the first time frequency, wherein the eye tracking system
comprises a plurality of cameras and computer executable
eye tracking code configured to create the eye tracking data
files. The method still further comprises generating at the
driving behavior analysis computer a merged data file for
each of the plurality of drivers, wherein the merged data file
comprises data from the driving simulator data file and a
selection of data from the eye tracking data file that most
closely matches in time each data snapshot in the driving
simulator data file.

Still other aspects, features and advantages of the inven-
tion are readily apparent from the following detailed
description, simply by illustrating a number of particular
embodiments and implementations, including the best mode
contemplated for carrying out the invention. The invention
is also capable of other and different embodiments, and its
several details can be modified in various obvious respects,
all without departing from the spirit and scope of the
invention. Accordingly, the drawings and description are to
be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The numerous advantages of the present invention may be
better understood by those skilled in the art by reference to
the accompanying drawings in which:

FIG. 1 is a schematic view of a system for synchronizing
asynchronous data from a driving simulator system and an
eye tracking system according to certain aspects of an
embodiment of the invention.

FIG. 2 is a schematic view of data files generated by
elements of the system of FIG. 1.

FIG. 3 is a flowchart representing a method for synchro-
nizing asynchronous data from a driving simulator system
and an eye tracking system according to further aspects of an
embodiment of the invention.

FIG. 4 is a schematic view of an exemplary computer
system suitable for implementing the methods described
herein.

DETAILED DESCRIPTION

The invention summarized above may be better under-
stood by referring to the following description, claims, and
accompanying drawings. This description of an embodi-
ment, set out below to enable one to practice an implemen-
tation of the invention, is not intended to limit the preferred
embodiment, but to serve as a particular example thereof.
Those skilled in the art should appreciate that they may
readily use the conception and specific embodiments dis-
closed as a basis for modifying or designing other methods
and systems for carrying out the same purposes of the
present invention. Those skilled in the art should also realize
that such equivalent assemblies do not depart from the spirit
and scope of the invention in its broadest form.

Descriptions of well-known functions and structures are
omitted to enhance clarity and conciseness. The terminology
used herein is for the purpose of describing particular
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embodiments only and is not intended to be limiting of the
present disclosure. As used herein, the singular forms “a”,
“an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. Further-
more, the use of the terms a, an, etc. does not denote a
limitation of quantity, but rather denotes the presence of at
least one of the referenced items.

The use of the terms “first”, “second”, and the like does
not imply any particular order, but they are included to
identify individual elements. Moreover, the use of the terms
first, second, etc. does not denote any order of importance,
but rather the terms first, second, etc. are used to distinguish
one element from another. It will be further understood that
the terms “comprises” and/or “comprising”, or “includes”
and/or “including” when used in this specification, specity
the presence of stated features, regions, integers, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
regions, integers, steps, operations, elements, components,
and/or groups thereof.

Although some features may be described with respect to
individual exemplary embodiments, aspects need not be
limited thereto such that features from one or more exem-
plary embodiments may be combinable with other features
from one or more exemplary embodiments.

By way of summary, systems and methods configured in
accordance with certain aspects of the invention provide a
driving simulator equipped with an eye tracking device
capable of tracking the driver’s eye movements during their
interaction with the driving simulator system, collecting data
from each of the driving simulator and eye tracking systems
at a driving behavior analysis computer, merging the driving
simulator and eye tracking systems data (each having a
disparate data format) into a single, merged data file, and
providing data indicative of driver behaviors, such as (by
way of non-limiting example) a driver’s braking, steering
and throttle control, change in speed or direction, accelera-
tion and deceleration, and eye gaze movements, all in
response to environmental factors (e.g., surrounding
vehicles, surrounding buildings, road conditions and road
hazards, traffic signals, and warning indicators generated by
vehicle automation tools). In accordance with certain
aspects of an embodiment of the invention, FIG. 1 shows
such a system 100 including a driving simulator system 200,
an eye tracking system 300, and a driving behavior analysis
computer 400, all of which may communicate with one
another through a network 500, such as a wired or wireless
communications network such as a local area network, or via
a wide area network such as the Internet.

In an exemplary configuration, driving simulator system
200 includes a driver interface 210 that may include a
steering wheel, accelerator and brake pedals, gear shift,
dashboard, and screens that provide the driver with a pan-
oramic view of their simulated driving environment. In an
exemplary configuration, driving simulator system 200 may
include driving simulator software that is commercially
available from FORUMS8 Company, Ltd. of Tokyo, Japan.
Driving simulator system 200 enables the creation and
design of network elements, such as traffic signals, differing
terrains, road alignments, signage, traffic generation, and
varying weather conditions, as well as static objects such as
three-dimensional buildings and trees. Driving simulator
system 200 may thus allow for the creation of a highly
realistic network of actual cities, with drivers being capable
of choosing their own route to reach their intended destina-
tions. Driving simulator system 200 may capture data such
as steering wheel control, braking, acceleration, travel times,
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lane changing information, traffic mix, and speed, among
such other simulated driving data as may be desired by those
skilled in the art. Preferably, driving simulator data file 220
collects and stores such simulated driving data for each
simulated driving session of a driver, which simulated
driving data may then be electronically transmitted to driv-
ing behavior analysis computer 400 for further processing as
discussed in greater detail below, by way of network 500.

Preferably, for each driver that uses driving simulator
system 200, socio-demographic data for such driver is also
collected, which socio-demographic data may include by
way of non-limiting example information concerning the
driver’s age, gender, education level, type of car driven,
current employment status, driving license type, annual
household income, size of household, knowledge about
Connected and Automated Vehicles (CAV), past driving
experience with CAV applications, their trust in such appli-
cations, and their willingness to pay for such applications.
Such socio-demographic data may be used by driving
behavior analysis computer 400 in correlating driving
behavior with particular CAV applications and socio-demo-
graphic characteristics.

Likewise, eye tracking system 300 includes one or more
cameras 310 capable of tracking the movement of the
driver’s eyes to determine the location of their gaze. For
example, cameras 310 may identify a particular landmark on
the display of driver interface 210 where the driver was
looking at a particular moment, such as when a warning
message is presented by automated systems on the vehicle,
traffic signals, pedestrians, other vehicles, or elements in the
surrounding environment. Likewise, cameras 310 may show
that the driver was looking away from the display of driver
interface 210 at such a moment, including for example at the
dashboard, at the driver’s cell phone, or the like. In an
exemplary configuration, cameras 310 of eye tracking sys-
tem 300 may comprise an eye tracking system that is
commercially available from Tobii Pro Labs of Stockholm,
Sweden, which comprises a driver-worn assembly capable
of analyzing the eye and head movement of the driver, and
which in an exemplary configuration includes 4 eye cam-
eras, a gyro and accelerometer, and a wide angle high-
definition scene camera. The wearable, head-mounted eye
tracking tool tracks the driver’s gaze in real time. The eye
tracking data may be mapped to a coordinate system that is
relative to the eye tracking device 300. Real world mapping
is accomplished via the commercial software provided with
the eye tracking device 300, which maps gaze points to static
objects within the simulator environment. Preferably, eye
tracking data file 320 collects and stores eye tracking data
for each simulated driving session of a driver, which eye
tracking data may then be electronically transmitted to
driving behavior analysis computer 400 for further process-
ing as discussed in greater detail below.

As driving simulator system 200 and eye tracking system
300 are separate systems with separate data formats, they
may collect data at time resolutions that vary from one
another. This disparate, unsynchronized data format makes
their merge into a single application a potentially difficult
task that must be overcome in order to generate a single,
usable merged data file that may be used to fully analyze and
report driver behaviors at particular times of interest during
a driving session. For example, while both the driving
simulator data files 220 and eye tracking data files 320 may
each comprise data that has both timestamp data and X, v,
and z coordinate data, the frequency of data collection for
driving simulator system 200 may be at, by way of non-
limiting example, a frequency of one data snapshot every
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100 ms, and the frequency of data collection for eye tracking
system 300 may be at, by way of non-limiting example, a
different frequency of one data snapshot every 30 ms. In this
environment, it is necessary to synchronize the two asyn-
chronous data sets to match the closest available data
snapshot from eye tracking system 300 to each data snapshot
from driving simulator system 200.

During a driver’s simulated driving session using driving
simulator system 200 and eye tracking system 300, the
driver may be presented with various scenarios that will
enable data to be collected that reflects how a user responds
to those scenarios, such as how the driver responds to a
jaywalking pedestrian in the road and a warning of the
presence of such pedestrian, how they respond to a traffic
light changing to red and a warning of an impending red
light traffic infraction, how they respond to a vehicle in front
of their own vehicle and a warning of an impending collision
with such vehicle, how they respond to an upcoming curve
in a road and a warning of excessive speed upon entering
into such a curve, and how they respond to an instruction to
resume control from autonomous operation of the vehicle.
Thus, a driving simulator/eye tracker data merging engine
410 of driving behavior analysis computer 400 may generate
waypoints, such as particular timestamps, during a driver’s
simulated driving session that are of particular interest
because they correspond to one or more of the foregoing
events. For example, a human observer may watch the driver
operate driving simulator system 200, and upon seeing one
of the foregoing events take place in the simulated environ-
ment, may thereafter engage user interface 460, such as by
clicking an electronic “log event” button or the like, to log
the time of such event. In a more particularized example, the
observer may witness that the driver is approaching a
specific intersection that is equipped with a red light camera,
and that the driving simulator system 200 has generated a
warning to the driver that they are traveling at a speed that
may cause them to run the red light, at which point the
observer may log that event, thus creating a timestamp for
such a waypoint event that may be further analyzed after the
driving session has been completed. Likewise, the observer
may simply log such events without a warning, such as when
the driver is approaching a simulated intersection for which
a light change to red has been programmed to automatically
trigger each time the driver approaches that intersection.
Still further, such events may be logged independently and
automatically by driving simulator system 200 to gauge
normal operation at certain time intervals, operation at
particular places or events of interest during the simulated
driving session, or upon the occurrence of specific condi-
tions caused by the driver, such as a sudden turn or sudden
application of the brake or accelerator pedals. In each of
these cases, in order to have fully informed data at each such
waypoint that includes both driving simulator data and eye
tracking data, it will be necessary to synchronize those data
to identify and merge the related x, y, and z coordinates as
close to the time of each waypoint as possible, the process
for which is discussed in detail below. The resulting analysis
of the properly merged driver data file 420, which is
preferably stored on or otherwise in data communication
with driving behavior analysis computer 400, may then
show that the driver, by way of non-limiting example,
braked or accelerated because another vehicle was
approaching, or some other condition that may be observed
through analysis of the merged driver data file 420. Such
analysis may be carried out by driver behavior extraction
and analysis engine 430, as discussed in greater detail below.
Driving behavior analysis computer 400 also includes a
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processor 470 and memory 480 for carrying out and man-
aging the various computing processes of driving behavior
analysis computer 400.

FIG. 2 provides exemplary representations of driving
simulator data files 220, eye tracking data files 320, and
merged driver data files 420. Those skilled in the art will
readily recognize that driving simulator system 200 and eye
tracking system 300 will generate more data than that shown
in the exemplary representation of FIG. 2, such that the data
files and the variables shown are representative of only a
portion of such data, and other variables (e.g., road condi-
tions, weather conditions, presence and location of adjacent
or nearby vehicles, pedestrians, or obstacles, etc.) may
readily be included without departing from the spirit and
scope of the invention. As shown in FIG. 2, driving simu-
lator data file 220 is generated from driving simulator
system 200 as the user is conducting their simulated driving
session. Data is collected at a first timing interval, such as
(by way of non-limiting example) at every 100 ms. Thus,
multiple timestamped records 221(a), 221(b), and 221(c)
may be generated at 200 ms, 300 ms, and 400 ms from a
particular start time. Each such record 221(a), 221(b), and
221(c) may individually comprise data from that instant in
time that corresponds to the driving simulator vehicle coor-
dinates in the virtualized environment, a vehicle speed, and
a measure of the simulated vehicle’s acceleration or decel-
eration at that instant, among other variables as noted above.
Similarly, eye tracking data file 320 is generated from eye
tracking system 300 as the user is conducting their simulated
driving session, in which data in this exemplary configura-
tion is collected at a second timing interval, such as (by way
of non-limiting example) at every 30 ms. Thus, multiple
timestamped records 321(a), 321(b), 321(c), and 321(d) may
be generated, by way of non-limiting example, at 260 ms,
290 ms, 320 ms, and 350 ms from the same start time as that
referenced above in the creation of driving simulator data
file 220. Each such record 321(a), 321(b), 321(c), and
321(d) may individually comprise data from that instant in
time that corresponds to the coordinates of the driver’s eye
as detected by the camera 310 and the driver’s physical
world gaze target (e.g., a specific location on the screens or
dashboard gauges of driver interface 210 or elsewhere in the
physical space around the driver). Where the driver’s physi-
cal world gaze target is a location on the screens of driver
interface 210, this will ultimately indicate a location in the
virtualized environment of driving simulator system 200;
however, before such point may be determined, the discrep-
ancy between the variously timestamped records 321(a),
321(b), 321(c), and 321(d) of eye tracker data file 320 must
be resolved with a single one of the timestamped records
221(a), 221(b), and 221(c) of driving simulator data file 220.

Preferably, as each of driving simulator data files 220 and
eye tracker data files 320 will include more variables and
data than that shown in the exemplary representations of
FIG. 2, a user may engage driving simulator/eye tracker data
merging engine 410 to select those particular variables from
each of those files that are of interest and that are to be
included in a single, new, synchronized merged driver data
file 420, so as to enable future analysis of factors that are
dependent upon those variables.

In order to accomplish such synchronized merger of the
asynchronous driving simulator data file 220 and eye tracker
data file 320 for a particular driver’s driving session, a user
may engage driving simulator/eye tracker data merging
engine 410 to perform an interpolation of the records in each
such data file. To do so, the user may select a threshold value
that represents the largest possible difference between the
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time variables that are to be merged. In the exemplary case
discussed above and shown in FIG. 2, the largest possible
difference between the time variables is 100 ms, such that
the threshold value may be established as 100 ms. Likewise,
the user may select a ratio representative of the number of
rows in the secondary data set (in this case, the eye tracker
data file 320) that are to be compared against a single row
of the primary data set (here, the driving simulator data file
220). In this case, as there are two records in eye tracker data
file 320 that will best correspond to a single entry in driving
simulator data file 220 (i.e., record 321(b) at 290 ms and
record 321(c) at 320 ms in eye tracker data file 320, which
are closest to a single record in driving simulator data file
220, namely record 221(b) at 300 ms), the ratio may be set
to 2. In this case, driving simulator/eye tracker data merging
engine 410 may calculate the difference between the time-
stamp of record 221(b) and the timestamps of each of
records 321(b) and 321(c), and select the record from eye
tracker data file 320 that has the smallest difference (which
in this case is record 321(b) at 290 ms, which differs from
record 221(4) at 300 ms by only 10 ms, as opposed to record
321(c) at 320 ms, which differs from record 221(4) by 20
ms) for merger with record 221(5) in driving simulator data
file 220. For any records in eye tracker data file 320 that
exceed the established threshold, such records may be
omitted from further analysis with respect to the current
timestamp record of driving simulator data file 220 that is
undergoing processing.

Those skilled in the art will recognize that threshold and
ratio may change from dataset to dataset depending upon the
specific structure of that data—for example, the specific time
domain resolution of the datasets (e.g., 100 ms snapshots for
driving simulator data files 220 and 30 ms snapshots for eye
tracking data files 320). The objective in each such case is
to select a threshold and ratio value that is suitable to that
particular data structure that will allow a comparison of the
closest values of the secondary data set (e.g., eye tracker
data) to a single row entry in the main data set (e.g., the
driving simulator data). Thus, in each case, ultimately only
those closest values are compared (and then the value having
the lowest difference is selected), but those closest values are
identified by selecting threshold and ratio values based on
the structure of the data set.

Through the foregoing merge operation, merged driver
data file 420 is generated, which preferably comprises
multiple rows equal in number to the number of records in
driving simulator data file 220, with select, merged data
records from eye tracker data file 320. More particularly,
merged driver data file 420 may include the driving simu-
lator time for each record in driving simulator data file 220,
along with those variables or fields that have been selected
by the user from both driving simulator data file 220 and eye
tracker data file 320 that they may wish to use for further
analysis as discussed in greater detail below. For example, as
shown in FIG. 2, merged driver data file may provide for
each driving simulator time entry each of the driving simu-
lator vehicle coordinates in the virtual environment, vehicle
speed, vehicle acceleration or deceleration, and for the
merged fields from the eye tracker data file the driver’s eye
position coordinates and their physical world gaze target.
Merged driver data file 420 also preferably includes at least
a calculated driving simulator environment gaze target,
which associates the driver’s physical world gaze target with
the x, y, and z coordinates of that gaze target in the
virtualized environment at that particular timestamp. This
calculated driving simulator environment gaze target will in
turn enable an analyst to review the merged driver data file
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420 to determine the location of the user’s gaze in that
virtualized environment at a particular time of interest, such
as at the time of a waypoint that designated the user
excessively braking for a red light, in turn enabling an
in-depth analysis of the reason for such driver behavior of a
sudden breaking event.

FIG. 3 is a schematic view of a method for merging
asynchronous data files as described above, followed by
extraction of data from the merged data file for purposes of
analysis, and particularly for purposes of determining driver
behaviors in response to various conditions experienced in
the environment simulated by driving simulator system 200.
At step 600, a user may engage driving simulator/eye tracker
data merging engine 410 to select driving simulator data files
220 that are to be merged, and at step 610 the user may
engage driving simulator/eye tracker data merging engine
410 to select eye tracking data files 320 that are to be merged
(i.e., driving simulator data files 220 and eye tracking data
files 320 associated with a particular driver’s simulated
driving session). Next, at step 620, the user may select those
variables in each of driving simulator data files 220 and eye
tracking data files 320 that they wish to include in the merge
operation based on a particular parameter, which in the
exemplary case described above is time (as both driving
simulator data files 220 and eye tracking data files 320
include a time field or variable). After those variables have
been selected, the user may engage driving simulator/eye
tracker data merging engine 410 to merge the selected
driving simulator data files 220 and eye tracking data files
320 as discussed in detail above, thus creating a merged
driver data file 420 at step 630. The user may then at step 640
initiate an extract data operation by selecting those variables
from the merged driver data file 420 that they wish to further
analyze (e.g., vehicle location, speed, and acceleration/
deceleration data in combination with the driver’s gaze
target around a particular waypoint), at step 650 may des-
ignate any data filters that they wish to apply (e.g., selecting
only those merged driver data files 420 for drivers in a
particular demographic, records for particular locations in
the simulated environment, or such other filters as will
readily occur to those of ordinary skill in the art), and at step
660 may designate any of those variables for which averages
or standard deviations are to be calculated and reported.
Finally, at step 670, the user may initiate an export data
operation to export the data under analysis, extracted and
filtered in accordance with the user’s selections, so as to
enable further analysis by the user.

The user may thus employ driving behavior extraction
and analysis engine 430 to extract and analyze driver
behavior based on merged driver data files from one or
multiple drivers, which in turn may enable that analyst user
to evaluate driver behavior in response to various CAV
warnings and processes, such as (i) Pedestrian Collision
Warning, in which the driver’s interaction with and reaction
to a warning that a pedestrian is in the vehicle’s path may be
evaluated; (ii) Red Light Violation Warning, in which the
driver’s interaction with and reaction to a warning of an
impending red-light infraction may be evaluated, such as
where the vehicle’s speed is above a pre-determined speed
near a signalized intersection and the light is about to turn
red; (iii) Forward Collision Warning, in which the driver’s
interaction with and reaction to a warning of an impending
collision with a vehicle or object directly in its path may be
evaluated; (iv) Curve Speed Warning, in which the driver’s
interaction with and reaction to a warning that the driver’s
vehicle speed exceeds the safe speed limits to navigate an
approaching curve or ramp may be evaluated; and (v)
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Takeover Reaction Time, in which the driver’s interaction
with and reaction to an instruction to retake control from
automated operation of an autonomous vehicle may be
evaluated.

The foregoing systems and methods may thus combine
data from any driving simulator with data from any eye
tracking device and will function with any data sources
providing n-space information (e.g., 3-D space plus time
dimension, such that n=4 in this exemplary case), and
provide resolved output data that is expressed in a single
output file. This technique may also be able to amass a
database of “expected behaviors” of drivers, whereby a user
analyst may anticipate that based on particular eye gazes, for
example, that certain driver behavior reactions are expected.

Driver behaviors, such as braking and acceleration activ-
ity, vehicle speed, acceleration and deceleration rate, and
such other factors as may be selected by an analyst for
review may thus be reported by the driving behavior and
analysis computer 400 to the analyst user. Such factors are
readily calculable from the data collected from driving
simulator system 200 and eye tracking system 300 and
combined into the merged driver data file 420 at driving
behavior and analysis computer 400. Details of experiments
conducted using a combined driving simulator system 200,
eye tracking system 300, and driving behavior analysis
computer 400 as detailed above are set forth in Banerjee, S.,
“Evaluation and Validation of the Effect of Connected and
Automated Vehicle Safety Applications on Driver Behav-
ior—A Driving Simulator Approach,” Morgan State Uni-
versity, Department of Transportation and Urban Infrastruc-
ture Studies (Oct. 1, 2019), which publication is
incorporated herein by reference in its entirety.

Next, FIG. 4 shows an exemplary computer system archi-
tecture 800 suitable for implementing the methods described
herein. Those skilled in the art will recognize that the system
of FIG. 1 configured for enabling a driving behavior analysis
computer to synchronize and merge driving simulator data
with data from an eye tracking device to provide data
indicative of driver behaviors, such as (by way of non-
limiting example) a driver’s braking, steering and throttle
control, change in speed or direction, acceleration and
deceleration, and eye gaze movements, may take the form of
computer system 800 as reflected schematically in FIG. 4,
though variations thereof may readily be implemented by
persons skilled in the art as may be desirable for any
particular installation. In each such case, one or more
computer systems 800 may carry out the foregoing methods
as computer code.

Computer system 800 includes a communications bus
802, or other communications infrastructure, which com-
municates data to other elements of computer system 800.
For example, communications bus 802 may communicate
data (e.g., text, graphics, video, other data) between bus 802
and an I/O interface 8§04, which may include a display, a data
entry device such as a keyboard, touch screen, mouse, or the
like, and any other peripheral devices capable of entering
and/or viewing data as may be apparent to those skilled in
the art. Further, computer system 800 includes processor
470, which may comprise a special purpose or a general
purpose digital signal processor. Still further, computer
system 800 includes a memory 480, which may include
primary memory 480(a), which may include by way of
non-limiting example random access memory (“RAM”),
read-only memory (“ROM”), one or more mass storage
devices, or any combination of tangible, non-transitory
memory. Still further, memory 480 of computer system 800
includes a secondary memory 480(b), which may comprise
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a hard disk, a removable data storage unit, or any combi-
nation of tangible, non-transitory memory. Finally, computer
system 800 may include communications module 806, such
as a modem, a network interface (e.g., an Ethernet card or
cable), a communications port, a PCMCIA slot and card, a
wired or wireless communications system (such as Wi-Fi,
Bluetooth, Infrared, and the like), local area networks, wide
area networks, intranets, and the like.

Each of primary memory 480(a), secondary memory
480(b), communications module 806, and combinations of
the foregoing may function as a computer usable storage
medium or computer readable storage medium to store
and/or access computer software including computer
instructions. For example, computer programs or other
instructions may be loaded into the computer system 800
such as through a removable data storage device (e.g., a
floppy disk, ZIP disks, magnetic tape, portable flash drive,
optical disk such as a CD, DVD, or Blu-ray disk, Micro
Electro-Mechanical Systems (“MEMS”), and the like).
Thus, computer software including computer instructions
may be transferred from, e.g., a removable storage or hard
disc to secondary memory 480(b), or through data commu-
nication bus 802 to primary memory 480(a).

Communication module 806 allows software, instructions
and data to be transferred between the computer system 800
and external devices or external networks, such as driving
simulator system 200 and eye tracking system 300 (FIG. 1).
Software, instructions, and/or data transferred by the com-
munication module 806 are typically in the form of signals
that may be electronic, electromagnetic, optical or other
signals capable of being sent and received by communica-
tion module 806. Signals may be sent and received using a
cable or wire, fiber optics, telephone line, cellular telephone
connection, radio frequency (“RF”’) communication, wire-
less communication, or other communication channels as
will occur to those of ordinary skill in the art.

Computer programs, when executed, allow the processor
470 of computer system 800 to implement the methods
discussed herein for synchronizing data files as illustrated in
FIG. 1, according to computer software including instruc-
tions.

Computer system 800 may perform any one of, or any
combination of, the steps of any of the methods described
herein. It is also contemplated that the methods according to
the present invention may be performed automatically or
may be accomplished by some form of manual intervention.

The computer system 800 of FIG. 4 is provided only for
purposes of illustration, such that the invention is not limited
to this specific embodiment. Persons having ordinary skill in
the art are capable of programming and implementing the
instant invention using any computer system.

Further, computer system 800 may, in certain implemen-
tations, comprise a handheld device and may include any
small-sized computing device, including by way of non-
limiting example a cellular telephone, a smartphone or other
smart handheld computing device, a personal digital assis-
tant, a laptop or notebook computer, a tablet computer, a
hand-held console, an MP3 player, or other similarly con-
figured small-size, portable computing device as may occur
to those skilled in the art.

The system of FIG. 1 may, in an exemplary configuration,
likewise be implemented in a cloud computing environment
for carrying out the methods described herein. That cloud
computing environment uses the resources from various
networks as a collective virtual computer, where the services
and applications can run independently from a particular
computer or server configuration making hardware less
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important. The cloud computer environment includes at
least one user computing device. The client computer may
be any device that may be used to access a distributed
computing environment to perform the methods disclosed
herein and may include (by way of non-limiting example) a
desktop computer, a portable computer, a mobile phone, a
personal digital assistant, a tablet computer, or any similarly
configured computing device.

A client computer preferably includes memory such as
RAM, ROM, one or more mass storage devices, or any
combination of the foregoing. The memory functions as a
computer readable storage medium to store and/or access
computer software and/or instructions.

A client computer also preferably includes a communi-
cations interface, such as a modem, a network interface (e.g.,
an Ethernet card), a communications port, a PCMCIA slot
and card, wired or wireless systems, and the like. The
communications interface allows communication through
transferred signals between the client computer and external
devices including networks such as the Internet and a cloud
data center. Communication may be implemented using
wireless or wired capability, including (by way of non-
limiting example) cable, fiber optics, telephone line, cellular
telephone, radio waves or other communications channels as
may occur to those skilled in the art.

Such client computer establishes communication with the
one or more servers via, for example, the Internet, to in turn
establish communication with one or more cloud data cen-
ters that implement one or more elements of the system of
FIG. 1. A cloud data center may include one or more
networks that are managed through a cloud management
system. Each such network includes resource servers that
permit access to a collection of computing resources and
components of the system of FIG. 1, which computing
resources and components can be invoked to instantiate a
virtual computer, process, or other resource for a limited or
defined duration. For example, one group of resource servers
can host and serve an operating system or components
thereof to deliver and instantiate a virtual computer. Another
group of resource servers can accept requests to host com-
puting cycles or processor time, to supply a defined level of
processing power for a virtual computer. Another group of
resource servers can host and serve applications to load on
an instantiation of a virtual computer, such as an email
client, a browser application, a messaging application, or
other applications or software.

The cloud management system may comprise a dedicated
or centralized server and/or other software, hardware, and
network tools to communicate with one or more networks,
such as the Internet or other public or private network, and
their associated sets of resource servers. The cloud manage-
ment system may be configured to query and identify the
computing resources and components managed by the set of
resource servers needed and available for use in the cloud
data center. More particularly, the cloud management system
may be configured to identify the hardware resources and
components such as type and amount of processing power,
type and amount of memory, type and amount of storage,
type and amount of network bandwidth and the like, of the
set of resource servers needed and available for use in the
cloud data center. The cloud management system can also be
configured to identify the software resources and compo-
nents, such as type of operating system, application pro-
grams, etc., of the set of resource servers needed and
available for use in the cloud data center.

In accordance with still further aspects of an embodiment
of the invention, a computer program product may be
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provided to provide software to the cloud computing envi-
ronment. Computer products store software on any com-
puter useable medium, known now or in the future. Such
software, when executed, may implement the methods
according to certain embodiments of the invention. By way
of non-limiting example, such computer usable mediums
may include primary storage devices (e.g., any type of
random access memory), secondary storage devices (e.g.,
hard drives, floppy disks, CD ROMS, ZIP disks, tapes,
magnetic storage devices, optical storage devices, MEMS,
nanotech storage devices, etc.), and communication medi-
ums (e.g., wired and wireless communications networks,
local area networks, wide area networks, intranets, etc.).
Those skilled in the art will recognize that the embodiments
described herein may be implemented using software, hard-
ware, firmware, or combinations thereof. The cloud com-
puting environment described above is provided only for
purposes of illustration and does not limit the invention to
this specific embodiment. It will be appreciated that those
skilled in the art are readily able to program and implement
the invention using any computer system or network archi-
tecture.

Having now fully set forth the preferred embodiments and
certain modifications of the concept underlying the present
invention, various other embodiments as well as certain
variations and modifications of the embodiments herein
shown and described will obviously occur to those skilled in
the art upon becoming familiar with said underlying con-
cept. It should be understood, therefore, that the invention
may be practiced otherwise than as specifically set forth
herein.

What is claimed is:

1. A system for synchronizing asynchronous data from a
driving simulator system and an eye tracking system, the
system comprising:

a driving simulator system comprising a driving interface
having driving controls, a display, and computer
executable driving simulator code configured to
execute a driving simulation and to create a driving
simulator data file for each of a plurality of drivers of
said driving simulator system, wherein each driving
simulator data file comprises data snapshots captured at
a first time frequency;

an eye tracking system comprising a plurality of cameras
and computer executable eye tracking code configured
to create an eye tracking data file for each of said
plurality of drivers of said driving simulator system,
wherein each eye tracking data file comprises data
snapshots captured at a second time frequency different
from said first time frequency; and

a driving behavior analysis computer in data communi-
cation with each of said driving simulator system and
said eye tracking system, said driving behavior analysis
computer having a processor executing computer
instructions configured to:

receive one of said driving simulator data files associated
with a first one of said plurality of drivers;

receive one of said eye tracking data files associated with
said first one of said plurality of drivers; and

generate a merged data file for said first one of said
plurality of drivers, wherein said merged data file
comprises data from said one of said driving simulator
data files and a selection of data from said one of said
eye tracking data files that most closely matches in time
each data snapshot in said one of said driving simulator
data files;
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wherein the data merging is performed using an interpo-
lation that selects data based on a configurable thresh-
old value representing a largest possible difference
between time variables to be merged and a configurable
ratio value representing a number of records in the eye
tracking data file to be compared against a single record
in the driving simulator data file for temporal synchro-
nization purposes, wherein the configurable threshold
value and the configurable ratio value are selected
based on specific time domain resolution of the datasets
to optimize synchronization accuracy between asyn-
chronous data streams from separate driving simulator
and eye tracking systems.
2. The system for synchronizing asynchronous data from
a driving simulator system and an eye tracking system of
claim 1, wherein each of said data snapshots of said driving
simulator data files comprises a driving simulator data file
timestamp and spatial coordinates of a simulated vehicle that
is operated by one of said drivers, and wherein each of said
data snapshots of said eye tracking data files comprises an
eye tracking data file timestamp and spatial coordinates of a
gaze target of said one of said drivers.
3. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 2,
wherein said computer instructions executed by said pro-
cessor of said driving behavior analysis computer are further
configured to:
select a plurality of said data snapshots of said eye
tracking data files that are closest in time to each said
snapshot of said driving simulator data file in said
merged data file;
compare the selected plurality of said data snapshots of
said eye tracking data files to one of said snapshots of
said driving simulator data file to identify a single
snapshot of said eye tracking data file that is closest to
said one of said snapshots of said driving simulator data
file based on said timestamps; and
add data from said identified single snapshot of said eye
tracking data file to said merged data file.
4. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 3,
said driving behavior analysis computer further comprising
a data collection comprising a plurality of said merged driver
data files, wherein each one of said plurality of merged
driver data files comprises merged data from said driving
simulator system and said eye tracking system associated
with a single simulated driving session of a single driver.
5. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 1,
wherein said computer instructions executed by said pro-
cessor of said driving behavior analysis computer are further
configured to configure said merged data file for extraction
and analysis of data indicative of driver behaviors, and
wherein said driver behaviors further comprise driving reac-
tion to vehicle-generated messaging selected from the group
consisting of: (i) driver interaction with and reaction to a
pedestrian collision warning; (ii) driver interaction with and
reaction to a red light violation warning; (iii) driver inter-
action with and reaction to a forward collision warning; (iv)
driver interaction with and reaction to a curve speed warn-
ing; and (v) driver interaction with and reaction to an
instruction to retake control from automated operation of an
autonomous vehicle.
6. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 1,
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wherein said computer instructions executed by said pro-
cessor of said driving behavior analysis computer are further
configured to:
receive a user selection of one or more variables in said
one of said driving simulator data files associated with
a first one of said plurality of drivers; and

wherein said one of said driving simulator data files
associated with a first one of said plurality of drivers
further comprises at least timestamp data, spatial coor-
dinate data, and data associated with said one or more
variables.

7. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 1,
wherein said computer instructions executed by said pro-
cessor of said driving behavior analysis computer are further
configured to:

receive an instruction from a user applying a filter to one

or more of said merged data files; and

generate a report including a filtered set of said one or

more of said merged data fields.

8. The system for synchronizing asynchronous data from
a driving simulator and an eye tracking system of claim 1,
wherein said computer executable driving simulator code
configured to execute a driving simulation and to create a
driving simulator data file for each of a plurality of drivers
of said driving simulator system is further configured to
generate a data waypoint associated with an event of interest
during a simulated driving session; and

wherein said computer instructions executed by said

processor of said driving behavior analysis computer
are further configured to filter said merged data files
based on said data waypoint.

9. A method for synchronizing asynchronous data from a
driving simulator system and an eye tracking system com-
prising:

receiving at a driving behavior analysis computer from a

driving simulator system a driving simulator data file
for each of a plurality of drivers of said driving simu-
lator system, wherein each driving simulator data file
comprises data snapshots captured at a first time fre-
quency, wherein said driving simulator system com-
prises a driving interface having driving controls, a
display, and computer executable driving simulator
code configured to execute a driving simulation and to
create said driving simulate data files;

receiving at said driving behavior analysis computer from

an eye tracking system an eye tracking data file for each
of said plurality of drivers of said driving simulator
system, wherein each eye tracking data file comprises
data snapshots captured at a second time frequency
different from said first time frequency, wherein said
eye tracking system comprises a plurality of cameras
and computer executable eye tracking code configured
to create said eye tracking data files; and

generate at said driving behavior analysis computer a

merged data file for each of said plurality of drivers,
wherein said merged data file comprises data from said
driving simulator data file and a selection of data from
said eye tracking data file that most closely matches in
time each data snapshot in said driving simulator data
file;

wherein the data merging is performed using an interpo-

lation that selects data based on a configurable thresh-
old value representing a largest possible difference
between time variables to be merged and a configurable
ratio value representing a number of records in the eye
tracking data file to be compared against a single record
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in the driving simulator data file for temporal synchro-
nization purposes, wherein the configurable threshold
value and the configurable ratio value are selected
based on specific time domain resolution of the datasets
to optimize synchronization accuracy between asyn-
chronous data streams from separate driving simulator
and eye tracking systems.
10. The method for synchronizing asynchronous data
from a driving simulator system and an eye tracking system
of claim 9, wherein each of said data snapshots of said
driving simulator data file comprises a driving simulator
data file timestamp and spatial coordinates of a simulated
vehicle that is operated by one of said drivers, and wherein
each of said data snapshots of said eye tracking data file
comprises an eye tracking data file timestamp and spatial
coordinates of a gaze target of one of said drivers.
11. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
10, wherein said step of generating at said driving behavior
analysis computer a merged data file for each of said
plurality of drivers further comprises:
selecting at said driving behavior analysis computer a
plurality of said data snapshots of said eye tracking data
files that are closest in time to each said snapshot of
said driving simulator data file in said merged data file;

comparing at said driving behavior analysis computer the
selected plurality of said data snapshots of said eye
tracking data files to one of said snapshots of said
driving simulator data file to identify a single snapshot
of said eye tracking data file that is closest to said one
of said snapshots of said driving simulator data file
based on said timestamps; and

adding at said driving behavior analysis computer data

from said identified single snapshot of said eye tracking
data file to said merged data file.

12. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
11, further comprising the step of generating at said driving
behavior analysis computer a data collection comprising a
plurality of said merged driver data files, wherein each one
of said plurality of merged driver data files comprises
merged data from said driving simulator system and said eye
tracking system associated with a single simulated driving
session of a single driver.

13. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
9, further comprising the step of configuring at said driving
behavior analysis computer said merged data file for extrac-
tion and analysis of data indicative of driver behaviors,
wherein said driver behaviors further comprise driving reac-
tion to vehicle-generated messages selected from the group
consisting of: (i) driver interaction with and reaction to a
pedestrian collision warning; (ii) driver interaction with and
reaction to a red light violation warning; (iii) driver inter-
action with and reaction to a forward collision warning; (iv)
driver interaction with and reaction to a curve speed warn-
ing; and (v) driver interaction with and reaction to an
instruction to retake control from automated operation of an
autonomous vehicle.

14. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
9, further comprising the steps of:

receiving at said driving behavior analysis computer a

user selection of one or more variables in said driving
simulator data file associated with a first one of said
plurality of drivers; and
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wherein said driving simulator data file associated with a
first one of said plurality of drivers further comprises at
least timestamp data, spatial coordinate data, and data
associated with said one or more variables.

15. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
9, further comprising the steps of:

receiving at said driving behavior computer an instruction
from a user applying a filter to one or more of said
merged data files; and

generating at said driving behavior computer a report
including a filtered set of said one or more of said
merged data fields.

16. The method for synchronizing asynchronous data
from a driving simulator and an eye tracking system of claim
9, further comprising the steps of:

generating at said driving simulator system a data way-
point associated with an event of interest during a
simulated driving session; and

filtering at said driving behavior computer one or more of
said merged data files based on said data waypoint.

17. The system of claim 1, wherein said computer instruc-
tions executed by said processor of said driving behavior
analysis computer are further configured to:

receive a threshold value representing a largest possible
difference between time variables in said driving simu-
lator data file and said eye tracking data file;

receive a ratio value representing a number of records in
said eye tracking data file to be compared against a
single record in said driving simulator data file; and

select a plurality of said data snapshots from said eye
tracking data file based on said threshold value and said
ratio value for comparison with each data snapshot in
said driving simulator data file.

18. The system of claim 17, wherein said computer

instructions are further configured to:

calculate a time difference between each selected data
snapshot from said eye tracking data file and a corre-
sponding data snapshot from said driving simulator
data file;

identify the data snapshot from said eye tracking data file
having the smallest calculated time difference; and

add data from said identified data snapshot to said merged
data file.

19. A method for synchronizing asynchronous data from

a driving simulator system and an eye tracking system
comprising:

receiving a threshold value representing a largest possible
difference between time variables in a driving simulator
data file and an eye tracking data file, wherein said
driving simulator data file comprises data snapshots
captured at a first time frequency and said eye tracking
data file comprises data snapshots captured at a second
time frequency different from said first time frequency
and wherein said threshold value is configured based on
a time interval of said first time frequency;

receiving a ratio value representing a number of records
in said eye tracking data file to be compared against a
single record in said driving simulator data file,
wherein said ratio value is determined based on a
relationship between said first time frequency and said
second time frequency;

selecting a plurality of data snapshots from said eye
tracking data file within a temporal window defined by
said threshold value for comparison with each data
snapshot in said driving simulator data file;
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calculating a time difference between each selected data
snapshot from said eye tracking data file and a corre-
sponding data snapshot from said driving simulator
data file;

identifying the data snapshot from said eye tracking data
file having the smallest calculated time difference
within said temporal window; and

generating a merged data file comprising data from said
driving simulator data file and data from said identified
data snapshots from said eye tracking data file.

20. The method of claim 19, further comprising:

receiving socio-demographic data for a driver operating
said driving simulator system;

correlating driving behavior data from said merged data
file with said socio-demographic data; and

generating a report analyzing driver behaviors in response
to vehicle-generated messaging based on said correla-
tion.

21. The method of claim 19, further comprising:

generating a data waypoint associated with an event of
interest during operation of said driving simulator
system,

filtering said merged data file based on said data waypoint
to identify driver behavior data associated with said
event of interest; and

analyzing eye tracking data from said merged data file
corresponding to said event of interest to determine a
driver’s gaze target at a time of said event.
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