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Abstract. In this paper we place ourselves in the broad context of au-
tonomous driving and, more precisely, in the context of road crossing
decisions by pedestrians. Machine learning models built by the existing
work need as training data datasets constructed by semi-automatic anno-
tation of video images. JAAD (Joint Attention in Autonomous Driving)
is a popular behavior annotated dataset in this regard. Our contribution
is to provide a knowledge graph based proposal of additional features
that are important but missing in JAAD dataset in the context of road
crossing decisions by pedestrians.
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1 Overview

The contribution of this paper is in the field of Artificial Intelligence (AI) pow-
ered autonomous vehicles (AV) and investigates the prediction of road crossing
decisions by pedestrians. The problem takes as input data about the environ-
ment, the pedestrian and the car and outputs whether the pedestrian will or
not cross the street. Addressing this problem, and more specifically identifying
the factors that influence decisions and behavior of traffic participants, is crucial
for developing algorithms that enable AVs to predict and respond to pedestrian
movements accurately. To this end, detailed studies of human actions and re-
actions in traffic scenarios have been undertaken with a focus on behavioral
studies and decision making algorithms development. While significant progress
has been made in the field of prediction of road crossing decisions by pedestri-
ans for autonomous driving, this task remains a complex challenge that requires
further investigation and refinement. Numerous studies have investigated the
pedestrian detection [2, 3, 8] and attempted to forecast crossing intentions using
advanced AT techniques such as deep learning [1, 4, 5, 16, 9]. However, the unpre-
dictability and variability of human behavior, coupled with the dynamic nature
of traffic environments, present persistent hurdles. As shown by the extensive
literature actors such as pedestrian intent, environmental cues, and situational
context contribute to the complexity of this task [13,15,17,7,10].

In this setting datasets like JAAD provide conceptualisations for a critical as-
pect of autonomous driving: the joint attention that must occur between drivers
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and of pedestrians, cyclists or other drivers. The JAAD dataset is an annotated
dataset aimed at capturing the complexity of interactions between pedestrians
and vehicles in urban environments. It contains high-resolution video sequences
accompanied by detailed annotations describing pedestrian movements, their
crossing intentions, as well as the actions of drivers and other road actors. This
dataset is produced with the intention of demonstrating the behavioral variabil-
ity of traffic participants and provide a set of features to be considered for the
pedestrian crossing problem (such as environmental factors, age, etc.). However,
the current literature covers a much larger set of features that have been demon-
strated by various studies to directly impact pedestrian behavior. Furthermore,
the performance of models tested on JAAD often remains limited [14, 12,11, 6].
This paper aims to bridge this gap in the current state of the art and provide
the following two contributions:

— The first knowledge graph in the literature that formalises the current lit-
erature on factors impacting the prediction of road crossing decisions by
pedestrians.

— A workflow of how the proposed knowledge graph can be used and integrated
with plateforms like JAAD for further video annotation and pedestrian cross-
ing classification algorithms accuracy improvement.

2 The knowledge graph of road crossing decisions by
pedestrians

In this section we will present the knowledge graph built from the literature
survery on the features that impact pedestrian behavior. The section will first
present the feature extraction process and then the resulting knowledge graph.

2.1 Feature Extraction

The feature extraction was primarily done based on the bibliography. We re-
viewed 52 different papers to gather as much existing information in this do-
main as possible. Due to space constraints, only the most relevant articles
are cited in this paper. These 52 articles included literature reviews, frame-
works, pedestrian recognition and prediction models, studies conducted on real-
world data, and others experimented in virtual reality. Although there are lit-
erature reviews already compiling various information, the rapid advancement
of autonomous driving can render them obsolete and lacking in information.
In each of these articles, we identified features influencing pedestrian behav-
ior, and using terms already present in the literature, we constructed the fol-
lowing ontology in Fig.1. Subsequently, we turned our attention to the JAAD
database, which provides video sequences of real-world driving with annota-
tions for easier utilization of context information in the prediction problem.
JAAD offers 346 videos ranging from 5 to 10 seconds each. To clearly identify
the represented factors, the video sequences need to be separated into frames
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(82,032 in total), and annotations extracted from the XML files provided by
JAAD need to be added. JAAD only provides us with separated videos and
annotations. You can view the annotation extraction on a sample video at
this link https://gite.lirmm.fr/svictor/jaad2.0-new-features. Once this
task was completed, we were able to meticulously record the annotated features
and add them to the ontology.

2.2 The ontology implementation

The ontology presented here was implemented mainly in Protégé, an open source
development environment for ontology creation and knowledge management. It
is widely used in the field of artificial intelligence, particularly in semantics and
knowledge modeling. With Protégé, users can create, edit and visualize ontologies
in different languages, such as RDF, OWL and XML.

As shown in Fig.1, features can be categorized into 3 main different classes.
Those centered on the pedestrian’s environment (Fig.1a), those related to other
pedestrians in the street (Fig.1c), and those concerning the observed pedestrian
(Fig.1b). Within these 3 main classes, we can group together features into smaller
classes. For example, the environmental features class encompasses certain fea-
tures of the physical context of the scene, such as road structure, weather, or the
presence of traffic lights, which will differ from features regarding the dynamics
of the scene, such as the actual speed of vehicles present and their distances
from pedestrians. Furthermore, it is noteworthy that some mixed features can
represent both environmental and observed pedestrian-related factors, such as
the state of the observed pedestrian.

By adding properties to the classes, such as whether they are present in
JAAD or if they have been used for a predictive model, we were able to identify
missing features that would be relevant to add to JAAD, as shown in Fig.2.
They are described below :

— Distance orthogonal to the curb : Orthogonal distance between pedestrian
and curb.

— Head orientation : JAAD indicates whether the pedestrian is looking at the
car or not, but there is no quantitative information on the pedestrian’s head
orientation in degrees.

— Minimal distance to crosswalk : The minimum distance between the pedes-
trian and the nearest crosswalk.

— Awareness : The pedestrian can be attentive without being aware of the risk.

— Distance car-crosswalk : The distance between the car approching and the
crosswalk near to the pedestrian.

— Relative pedestrian-car speed : The relative speed between the approaching
car and the pedestrian.

— Pedestrian speed : The pedestrian’s speed.

— Distance traveled in previous time : The distance traveled previously indi-
cates whether the pedestrian has been waiting for some time or if they were
walking and suddenly stopped.
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Fig. 1: Road crossing decision by pedestrians knowledge graph
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Longitudinal distance : The distance between the car and the pedestrian.
Obstacles : The existence of obstacles that could influence the pedestrian’s
trajectory.

— Human acceleration : The pedestrian’s acceleration.

Pedestrian position : The pedestrian’s position.

Street width : The width of the street.
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(a) Annotations (b) Annotations used for
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Fig. 2: Differences between features already annotated in JAAD and those used
in the prediction of road crossing decision by pedestrians.

3 JAAD annotation workflow

In this section we provide the workflow based on the proposed knowledge graph
(Fig.3), used for the aim of improving the annotation process of JAAD.

A workflow consists of a sequence of tasks that process information, designed
to accomplish a specific objective (in our case knowledge graph powered image
annotation for JAAD videos). It involves automated processes, systems, or soft-
ware applications that enable the tasks to be executed in a prescribed order,
allowing for the seamless transfer of data and control between different parts
of a process. This is crucial in environments where tasks are dependent on the
output of different systems or software tools.

RDF knowledge graphs represent information in a structured form as a set of
triples: subject, predicate, and object. This facilitates the description of concepts
and relationships within a particular domain, making it possible to model com-
plex information in an interoperable format. RDF knowledge graphs can then
serve as a unifying model that facilitates data integration and interoperability.
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By mapping different data sources to a common semantic model, we can seam-
lessly operate across diverse data sets. By means of an example we show below
how the proposed workflow can dynamically adjust its behavior based on the re-
lationships and attributes defined in the knowledge graph. Let us first describe
the workflow in Fig.3.

- PC prediction Identification of
bata Collection knowledge > relevant missing
graph annotations in
JAAD
JAAD
Litterature U i—%
PC prediction PC prediction
knowledge graph of Kknowledge graph of
annotations notin annotations used for
JAAD prediction
Relevant
annotations Accuracy of
to add Pedestrian Crossing

prediction

n Classification o N
model for labeling Pedestrian

new annotations Crossing
on JAAD prediction model
¢—‘t—> PC prediction l
5 Evaluation in knowledge graph of Erakaion 7

comparison with EE R comparison with
recognition model JAAD prediction model

Fig. 3: The knowledge graph based workflow of road crossing decision by pedes-

trian (PC).

1. We manually extract data (from existing literature and annotations already
present in JAAD).

2. We construct an RDF knowledge graph formalising all extracted features
from the literature.

3. We identify relevant features to extend the Joint Attention and Action
Dataset (JAAD) and explore features never before utilized in predicting
Pedestrian Crossing.

4. For the new annotations we run a classification model to identify them within
the JAAD database.

5. We compare the classification model with existing models used to recognize
other features in JAAD.

6. We input these newly annotated video sequences into our prediction model
to assess pedestrian crossing accuracy.

7. Evaluation of this model will involve comparing it with prediction models
previously employed by JAAD [12], including one focusing solely on pedes-
trian actions and another incorporating pedestrian actions with contextual
information.

4 Discussion

The main motivation of this paper stems from the pressing need for continued
research and development efforts to enhance the accuracy and reliability of pre-
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diction of road crossing decision by pedestrians algorithms. Addressing these
challenges will be pivotal in ensuring the safety and efficacy of autonomous driv-
ing systems in real-world scenarios. To address the challenge of understanding
pedestrian decision-making in autonomous driving scenarios, a knowledge rich
approach can determine coverage and identify gaps in the literature. For exam-
ple existing work aims to identify which features are already present in datasets
like JAAD or Nuscenes and which ones are missing. Such structured approaches
have been shown to guide future data collection efforts in order to ensure that all
relevant features are adequately represented [18]. Immediate future work is look-
ing at implementing the annotation workflow. We are currently investigating the
use of AWS Step Functions, a cloud service from Amazon Web Services allow-
ing to coordinate the components of distributed applications and microservices
using visual workflows. The process is less straightforward than what could be
believed at a first glance because of the compatibility of the JAAD data with the
AWS environment. Another venue investigated is the simple use of Bash/Shell
Scripting. For simpler workflows, bash or shell scripting can automate sequences
of commands and basic data manipulation tasks but this is more difficult to
integrate with Java environments, making it also difficult to leverage for the use
of the heterogeneous and industrian projects (such as AIACCAM).
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