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Abstract. Vehicle-pedestrian crashes are big concerns in transportation safety,
and it is important to study the vehicle-pedestrian crash scenarios in order to
facilitate the development and evaluation of pedestrian crash mitigation systems.
Many researchers have tried to investigate the pedestrian crash scenarios relying
on crash databases or pedestrian behavior prediction models, both of which have
some limitations like limited generalizability of the results, missing of important
information, biased results. In this study, we propose to study the potential crash
scenarios as one surrogate targets of the actual pedestrian crash scenarios.
Extended from several previous studies, one single-variable scenario analysis is
completed based on the video analysis results of one large-scale naturalistic
driving data collection focusing on recording pedestrian behaviors in all kinds of
situations. Through calculating potential conflict rates and applying chi-square
tests for around 40 attributes from 12 scenario variables individually, this study
has found out that number of pedestrians, pedestrian moving speed, pedestrian
moving direction, vehicle moving direction, road type, road location, and
existence of road separator/median are all important scenario variables for
potential pedestrian-vehicle crashes.

Keywords: Naturalistic driving data collection � Pedestrian crash � Potential
crash scenarios � Video analysis � Pedestrian behavior modeling

1 Introduction

Pedestrian safety is always a big concern in traffic safety, and pedestrian crashes are
associated with a large number of injuries and fatalities every year. In the United States,
the number for pedestrian fatalities has kept increasing in the past several years. In
2011, there are approximately 4,432 pedestrians killed which account for 14 percent of
all traffic fatalities, and 69,000 pedestrian injured [1]. The fatality number has increased
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7 % to 4,743 in the following year of 2012 [2]. In order to alleviate the situation, more
and more vehicle safety systems for pedestrian detection and pedestrian crash miti-
gation have been developed and installed in the modern vehicles to improve the
effectiveness of vehicular active safety functions [3]. As summarized in the literature
[4], it is important to understand pedestrian behaviors as well as the most common
vehicle-pedestrian crash scenarios for developing and evaluating these pedestrian crash
mitigation systems, and typically the researchers have been following three routes in
studying the scenario variables: (1) relying on crash database, (2) constructing
pedestrian behavior prediction models, or (3) relying on the large-scale naturalistic
driving data collection.

Towards using the crash database, researchers have tried to use real crash data to
aid the development of pedestrian detection systems [7], and to generate test scenarios
and key variables for pedestrian mitigation system evaluation [8, 9]. As pointed out in
[4], although using crash data can guarantee the generated crash scenarios representing
real crash situations in various road types, these scenarios usually miss some important
details and contain biased information. Towards the second route listed above, many
published studies are focusing on systematically predicting pedestrian behaviors under
different traffic conditions and modeling general vehicle-pedestrian crash scenarios
[10–14]. These mathematical models are clearly good solutions to provide convenient
and detailed pedestrian behavior information. However, researchers have also criticized
that most of the current pedestrian behavior prediction models are focusing on specified
traffic scenarios with limited capability to generalize the prediction results to overall
road environment [4, 14].

To overcome the limitations of crash databases and pedestrian behavior prediction
models, some efforts are made towards studying pedestrian-vehicle crashes using
naturalistic driving data in the Transportation Active Safety Institute (TASI), Indiana
University – Purdue University Indianapolis. Based on one large-scale naturalistic
driving data collection focusing on pedestrian behaviors, researchers have tried to study
single pedestrian behavior variable of walking step frequency [5], estimate the
pedestrian/vehicle encountering risks in various traffic scenarios [4], and provide
preliminary results of pedestrian behavior analysis as well as pedestrian-vehicle crash
scenarios [6]. Based on the literature [15], it is reasonable in majority of cases to use
near-miss events or potential conflict events for crash scenario construction. Thus, the
authors have briefly discussed the potential conflict definitions, potential conflict cases
achieving process, and the vehicle-pedestrian crash scenarios based on the potential
conflict rates in different situations [6]. However, the discussions in [6] have some
limitations:

• As one preliminary study, the dataset used for analysis is neither complete nor
accurate;

• Several important factors are missing during the data analysis;
• There is no statistical analysis performed to test the significance of each factor.

Thus, in this study, we will extend the results described in [6] with using the whole
dataset of the large-scale naturalistic driving data collection after reducing errors,
including more variables in the analysis, and apply statistical analyses to test each
factor.
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2 TASI 110-Car Naturalistic Driving Study

From 2012 to 2013, the Transportation Active Safety Institute at the Indiana University
– Purdue University Indianapolis has completed one large-scale naturalistic driving
data collection focusing on understanding pedestrians’ behavior during pre-crash and
crash scenarios. A total of 110 cars with subject drivers were recruited around the city
of Indianapolis starting from spring, 2012. Since the recruitments, every driver’s
driving data for the following one year were continuously recorded. The recorded data
mainly include three parts that are synchronized during the whole data collection
period:

1. Forward-view video data: relying on one video camera installed on the windshield
of every data collection vehicle facing forward, high-definition video data were
continuously recorded when the vehicle is moving representing the driver’s view
during all the time.

2. Vehicle GPS coordinates: relying on the GPS receiver installed in each vehicle, the
longitude and latitude coordinates of the vehicle were recorded all the time when
the subject was driving.

3. Vehicle acceleration data: relying on the accelerometer (g-sensor) installed in each
vehicle, the vehicle accelerations in x-y-z directions were continuously retrieved
and recorded at the rate of 10 Hz when the subject was driving.

After the one-year of data collection, a total of approximately 90 TBs of driving video
data for over 1.44 million driving miles accumulatively across all the 110 subjects were
recorded, with corresponding vehicle GPS coordinates and vehicle acceleration data
also synchronized and recorded in the database. Upon the construction of the database,
several steps of data analyses have been completed. Because the main purpose of the
research focuses on pedestrian behaviors, one automatic pedestrian detection algorithm
has been firstly applied on the collected video data to locate every scene with pedes-
trian(s). After manually checking all the pedestrian scenes detected automatically by
the image-processing based algorithm to remove errors, no-interest scenes, and
duplicated cases, short video clips were created towards each confirmed pedestrian
scene. Then manual video analysis has been applied to the video clips by a group of
trained data reductionists using several programs to detect potential conflict cases, to
study pedestrian and driver behaviors, and to assign different scenario variables.

For more detailed information about the data acquisition apparatus, the constructed
database structure, and the video analysis results, please refers to the literatures [4–6].
For more detailed information about the image processing based automatic pedestrian
detection, please also refer to the literatures [16, 17].

3 Methodology for Data Analysis

The main purpose of this study is to investigate the potential conflict scenarios between
the vehicles and pedestrians in the naturalistic road environment. As described above,
literatures have shown that the potential conflict cases can represent the situations of
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the real crashes very well [15], and thus the potential conflict scenarios found in this
research can also be used as the surrogate scenarios for real vehicle-pedestrian acci-
dents to some extents.

The definition of potential conflict in this study follows the literature [4]: potential
conflict case refers to the case that “real crash between the vehicle and pedestrian(s)
will occur if neither the driver nor the pedestrian(s) changes the moving speed/moving
direction, or the trajectories of the vehicle and the pedestrian are adjacent to each other
during the time period which results in the movement responses from the driver and/or
the pedestrian(s) to avoid the contact, although the responses may not be necessary.”

As part of the overall data analysis process, the above Fig. 1 shows the whole
picture of the project, as well as the data analysis process of the current study, marked
as single-variable scenario analysis in the yellow solid line. The parts with green
dashed line in the chart show the previous work, and the parts with red dotted line show
the future work. Starting from the collected naturalistic driving video data, multiple
steps of data analyses have been performed to achieve the potential conflict and
non-potential conflict cases with values for different scenario variables assigned to each
of them via intensive video analysis. Two types of scenario analysis can be done
towards these processed cases including:

• Single-variable analysis: each scenario variable is treated to be independent, and the
effect of individual scenario variable on the potential conflict rates can be
calculated.

• Multi-variable analysis: multiple scenario variables are studied together, and
compressive potential conflict scenarios can be achieved based on the calculated
potential conflict rates.

Both of these two types of scenario analyses rely on the calculation of potential conflict
rates using the following formula (1). When applying the formula (1) for
single-variable analysis, certain scenario refers to one particular value for one indi-
vidual scenario variable; however when applying the formula for multi-variable anal-
ysis, certain scenario refers to the combined values for a group of scenario variables.

Potential Conflict Rate ¼ Number of Potential Conflict Cases Under Certain Scenario
Total Number of Cases Under Certain Scenario

ð1Þ

Due to the scope of this paper, only single-variable analysis will be discussed, and the
multi-variable analysis as well as matching the potential crash scenarios into accident
scenarios will be completed in the future works. The following Table 1 shows the 12
variables studied for the single-variable analysis in this work, with descriptions about
the variable definitions and the corresponding attributes. These variables include
mainly pedestrian-related variables, road-related variables, vehicle-related variables,
and environment-related variables. For each of the variable, we will calculate the
potential conflict rate for every attribute respectively, and then apply chi-square anal-
ysis to test the significances of the effects.
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Fig. 1. Single-variable scenario analysis process as a part of the overall data analysis
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4 Results

The above Fig. 2 shows the potential conflict rates calculated for all the attributes from
the scenario variables, and the corresponding chi-square analysis results for each
scenario variable individually. First of all, it looks like for both the number of adult
pedestrians and the number of child pedestrians, their effects on potential conflict rate
are significant. The charts show that with either more adult pedestrians or more child
pedestrians, the chances to have potential conflict rates increase.

Table 1. Scenario variables for the single-variable analysis

Variable name Variable definition and attributes

Adult number Definition: the number of adult pedestrians in the scene.
Attributes: 0, 1, 2, >=3

Child number Definition: the number of child pedestrians in the scene.
Attributes: 0, 1, 2, >=3

Pedestrian walking
speed

Definition: estimated pedestrian walking speed based on the video.
Attributes: slow, normal, fast

Driving
environment

Definition: brief categorization of the environment where the
pedestrian-vehicle encounter happens.

Attributes: rural, urban
Pedestrian moving
direction

Definition: pedestrian moving trajectory during the pedestrian-vehicle
encounter.

Attributes: cross the road, with traffic (along the road), against traffic
(along the road)

Pedestrian moving
status

Definition: Movement status of the pedestrian before the event.
Attributes: walking, standing, running, entering/exiting vehicle

Vehicle movement Definition: moving behavior of the vehicle during the
pedestrian-vehicle encounter

Attributes: stop, straight, left turn, right turn, lane changing
Road alignment Definition: the direction of the road that the vehicle is moving in.

Attributes: straight, right curve, left curve
Road type Definition: different places of the road where the encounter happens.

Attributes: junction, intersection, mid-block cross walk
Road shoulder Definition: shoulder is the part of a trafficway contiguous with the

roadway for emergency use, for accommodation stopped vehicles,
and for lateral support of the roadway structure.

Attributes: with road shoulder, without road shoulder
Road
median/separator

Definition: separator is the area of a trafficway between parallel roads
separating travel in the same direction or separating a frontage road
from other roads. Median is an area of a divided trafficway between
parallel roads separating travel in opposite directions.

Attributes: with road median/separator, without road median/separator
Driving condition Definition: atmospheric conditions during the encounter.

Attributes: clear, cloudy, rain, snow, backlight
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Then for the pedestrian and vehicle behavior related variables, all of the pedestrian
moving direction, pedestrian walking speed, pedestrian moving status, and vehicle
movement are significant factors affecting the potential conflict rates. If looking into
them separately, it looks like crossing the road is more dangerous to have potential
conflict compared to walking along the road. Also when the pedestrian is running or

Adult Number
(p < 0.0001)

Child Number
(p < 0.001)

Pedestrian Walking Speed
(p < 0.0001)

Driving Environment
(p < 0.0001)

Pedestrian Moving Direction
(p < 0.0001)

Pedestrian Moving Status
( p < 0.0001)

Vehicle Movement
(p < 0.0001)

Road Alignment
(p =0.0329 < 0.05)

Road Type
(p < 0.0001)

Road Shoulder
(p =0.211 > 0.05)

Road Median/Separator
(p < 0.001)

Driving Condition
(p = 0.124 > 0.05)

Fig. 2. Potential conflict rates and chi-square analysis results for different attributes from the 12
scenario variables individually.
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moving in faster speed will be associated with much higher chance of potential conflict
situations, compared to slow speed walking or entering/exiting vehicles. For vehicle
movements, making right turn and left turn will result in much higher potential conflict
rates for the vehicle-pedestrian encounter, followed by changing lanes.

Finally for road and environment related variables, driving conditions and road
shoulder existence are not proved to have significant effects on potential conflict rates.
Although the chi-square analysis for road alignment has achieved one p-value less than
0.05, the effects are not as strong as other factors, and may not have practical meanings
since all the potential conflict rates for the three road alignment attributes are relatively
small. The other three strong factors include driving environment, road type, and
existence of median/separator. The results have shown that in the rural environment, the
vehicle-pedestrian encounter has doubled chances to be potential conflict case compared
to the urban environment. Also among different road types, mid-block cross walk has a
significantly higher chance to be associated with potential conflict cases compared to
intersections and junctions, which means that the mid-block cross walk location is more
dangerous. Another interesting finding is that when there is median or separator for the
road, the potential conflict chance decreases compared to the road without such infra-
structure. This may be caused by the situations that the pedestrian can wait safely at the
middle of the road to reduce the chance to get into potential crash with the vehicles.

5 Conclusions and Future Work

In this study, one single-variable scenario analysis has been applied on the video analysis
results of a series of potential conflict and non-potential conflict cases with scenario
variable attributes assigned. These cases are retrieved from the TASI 110-car naturalistic
driving data collection through the previous works. By assuming that all the interested
scenario variables are independent from each other, the single-variable analysis studies
the effect of each variable individually by calculating potential conflict rates and applying
chi-square analysis. The results have shown that for vehicle-pedestrian encounter in the
road, several factors may significantly increase the chance for the encounter to become a
potential crash, including: (1) larger numbers of adult or child pedestrian, (2) faster
pedestrian moving speed, (3) pedestrian crossing the road, (4) vehicle turning, (5) at
mid-block cross walk location, (6) in the rural area, and (7) at the road without
separator/median in the mid of the road.

As for future work, multi-variable analysis may be applied towards the same dataset
used in this research to achieve more comprehensive scenarios. The multi-variable
analysis will not require the assumption that all the scenario variables are independent
from each other, and will consider the combinations of different variables/attributes
together as one scenario for the analysis. Also, the current results are only regards to
potential crash scenarios between the vehicles and pedestrians in the road. It will be
beneficial to match the scenarios with real crash scenarios to achieve more applicable
results.
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