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Executive Summary 

The vision of the i4Driving project is to establish the foundation for a new industry-standard methodology to 

establish a credible and realistic human road safety baseline for the virtual assessment of Cooperative 

Connected and Automated mobility (CCAM) systems. Due to the increasing coexistence of automated 

vehicles (AVs) and human-driven vehicles (HVs) on road networks, it is necessary for industries, policymakers, 

certification bodies, and testing organisations to have robust prototypes and tools, supported by strong 

scientific methodologies for safety assessment of automated driving systems (ADS).  

The safety assessment of the ADS, however, requires empirical evidence on critical conditions and/or 

accidents emerging from a heterogeneous and mixed traffic interactions. Since such data cannot be available 

before deployment, one can only make this assessment in a virtual simulated environment. The credibility of 

such assessments, however, relies on how realistic the virtual environment is. In these virtual environments, 

vehicles are agents, and their behaviour is simulated based on models calibrated on heterogeneous human 

driver behaviours. Some of such current driver models include car-following and lane-changing behaviour of 

drivers that assume perfect human perception (of relevant stimuli), and optimal control (based on these 

stimuli). Thus, they inherently lack the capability of mimicking safety-critical driving behaviours. Therefore, 

the existing models are unsuitable to establish a credible human safety baseline in the prospective safety 

assessment of ADS. 

Therefore, the i4Driving project aims to deliver a new library of credible heterogeneous human driver models 

that incorporates more sophisticated driving behaviours of human-driven vehicles at the cognitive level, 

considering human factors in a mathematical formalism. This library enables the consortium to simulate 

conditions under which, for instance, perception errors, risk-taking, and interaction of simulated drivers 

result in critical traffic conditions and/or accidents. This library can represent and predict the heterogeneity 

and complexity of human driving behaviour hence providing a trustworthy and realistic human road safety 

virtual assessment environment for CCAM. 

The i4Driving model library makes sure to characterise input uncertainty while encoding driver heterogeneity 

into human driver models and rigorously consider the trade-off between the complexity and relevancy of the 

delivered driver models through global sensitivity analysis and sensitivity auditing. 

This document (D2.1) thoroughly explains the principles and steps that are taken to design the conceptual 

framework of the i4Driving model library and the decisions made to translate the conceptual framework into 

a software package. The goal of this deliverable is to clarify the procedures and concepts employed in 

building a trustworthy collection of models that represent diverse patterns of human driving behaviour, also 

known as the (software) library of credible models.  

To create such a conceptual framework, an iterative approach was used starting with the research question: 

How to develop credible model of human drivers that can represent heterogeneity in human diving 

behaviour. Then, a thorough review of existing literature related to this research question helped the 

consortium to identify relevant concepts and theories that can inform the development of the conceptual 

framework. Please note that the report on this literature review will be delivered in D4.1 (Critical review of 

state-of-the-art techniques to model drivers’ heterogeneity). Thereafter, the consortium discussed the 

identified concepts in multi-disciplinary inter-consortium discussion sessions. This helped the consortium to 

transfer knowledge between human factor, traffic engineering and simulation experts. Once relevant 

concepts have been identified, the consortium operationalised them in a clear and consistent manner. Next, 
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the consortium developed a visual representation of the conceptual framework that can help clarify the 

relationships between concepts and provide a useful reference for the study. Finally, through the iterative 

reviewing process, the conceptual framework continually refined and revised. As the research in this project 

progresses, new insights are gained, and this conceptual framework will be updated accordingly. These 

potential updates will be reflected in D2.2 and D2.3. 
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1 Introduction 

The i4Driving project aims to establish a new industry-standard methodology for assessing the safety of 

automated driving systems (ADS) through a virtual simulation environment. Robust safety assessment of 

automated driving systems (ADS) in increasingly heterogeneous and mixed traffic (Automated Vehicles (Avs) 

and Human-driven Vehicles (HVs)) is a pre-requirement for the deployment of AVs among responsible 

organisations i.e., policymakers, certification bodies, and testing organisations. However, this poses new 

challenges to science and industry. One major challenge is the lack of evidential safety measurements before 

the deployment of ADS. To cope with this challenge, prospective safety analyses have been applied, ranging 

from Naturalistic Field Operational Tests (N-FOT) to virtual simulation-based assessments. 

The N-FOT approach, however, is resource-demanding and can be applied only at a mature development 

stage. It also provides a low/insufficient number of observed accidents. Since such data cannot be available 

before deployment, the simulation-based assessment approach is known to be the most promising approach 

because it overcomes the known limitations of N-FOTs. In the simulation-based safety assessment approach, 

the performance of an ADS will be compared in a virtual environment with a reference model representing 

the full range of human driver behaviours. These human driver models either exogenously control processes 

of driving tasks that are tailored to a specific scenario (Like in driving simulators) and hence do not include 

mutual dynamic microscopic interactions between surrounding vehicles and the environment. Alternatively, 

they endogenously simulate the complex human cognition and control process of driving tasks that would 

not follow a predefined course of action and therefore would result in self-evolving traffic dynamics. The 

latter approach is related to microscopic traffic simulation that includes traffic engineering models, like car-

following and lane-changing models. 

To compensate for the intrinsic limitations of the exogenous driver models in driving simulators, traffic 
simulation models are proposed to generate the surrounding human-driven vehicles in the simulation 
environment of driving simulators for the virtual testing of ADS in interaction with human drivers. Besides 
driving simulators, in the simulation-based approach, the impact of ADS on surrounding human driven 
vehicles can be assessed in mixed traffic scenarios. The currently available human driver models, however, 
assume perfect perception of stimuli and optimally control the driving task accordingly, which would result 
in a collision-free situation. Therefore, the current driver models lack the capability of producing safety-critical 
driving behaviours and are thus not suitable for establishing a credible human safety baseline in the 
prospective safety assessment of ADS. To fill this gap, the i4Driving project aims to deliver a new library of 
credible human driver models that incorporates more sophisticated driving behaviours at the cognitive level, 
considering human factors in a mathematical formalism that can be used in the safety assessment of the ADs 
through the course of this project. This library can represent and predict the heterogeneity and complexity 
of human driving behaviour, enabling a trustworthy and realistic human road safety virtual assessment 
environment for Cooperative Connected and Automated mobility (CCAM).  

The goal of this deliverable is to clarify the procedures and concepts employed in building a trustworthy 
collection of models that represent diverse patterns of human driving behaviour, also known as the 
(software) library of credible models. In pursuit of this objective, a conceptual framework is proposed in this 
deliverable that aims to establish a standardised approach for integrating human factors into human-driver 
models. This document thoroughly explains the principles and steps taken to design this conceptual 
framework for the i4Driving model library and the decisions made to translate the conceptual framework 
into a software package. To achieve this, the consortium has drawn on insights from both psychological 
human factor studies and traffic flow engineering. Then, an iterative approach was used, starting with the 
research question of how to develop credible models of human drivers that can represent heterogeneity in 
human driving behaviour. Afterwards, a thorough review of existing literature (The report on the literature 
review related to this research question will be delivered in D4.1 (Critical review of state-of-the-art techniques 
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to model drivers’ heterogeneity) related to this research question helped identify relevant concepts and 
theories, which were discussed in multi-disciplinary inter-consortium discussion sessions. The relevant 
concepts were operationalized in a clear and consistent manner, and a visual representation of the 
conceptual framework was developed. This framework was continually refined and revised through an 
iterative reviewing process.  

This conceptual framework will provide the consortium with guidelines for the development of the library of 
credible models in Tasks 2.2 (Development of library of models for tactical and operational driving and vehicle 
dynamics), and 2.3 (Development of library of 2D and 3D cognitive models). 

1.1 Deliverable Objectives 

Deliverable 2.1 is the first deliverable of Work Package 2 of the i4Driving Project. It aims to explain the 
processes and principles used in, and the conceptual framework for, developing the (software) library of 
credible models of heterogeneous human driver behaviour.  

1.2 Deliverable Structure 

D2.1 is divided into two main sections as follows:  

• Human driver model architecture and conceptualisation which explains principles and components 
that construct the conceptual framework of i4driving model library; and 

• Integrated simulation framework design which explains the simulation software specifications based 
on the proposed conceptual framework.  
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2 Human driver model architecture and conceptualisation 

2.1 Background  

Human driver models are essentially mathematical constructs (sets of equations) that mimic human 
behaviour to control the longitudinal (free driving, car-following) and lateral (lane-changing, crossing) 
movement of vehicles in a virtual environment. The earliest mathematical models developed in traffic flow 
theory for longitudinal driving were safe-distance models which maintain a safe distance headway for 
vehicles in the simulated environment. This safe distance was mainly calculated based on the assumption 
that the leader brakes at maximum deceleration. The next generation of longitudinal models, so-called 
optimum-velocity models, assumed that drivers accelerate to their optimal velocity as a function of the 
distance headway. This opened the door to the variety of different longitudinal driving models which, in 
general, are named stimulus-response models (see Figure 1).  
 

 
Figure 1: Stimulus-response traffic engineering model (collision-free model) 

 
These models are based on assumptions on how drivers adapt their speed based on certain perceived 
variables, such as the distance to their leader and the speed of the leader. These models often require 
incorporating perception and anticipation processes in traffic flow modelling where the drivers’ model can 
observe the environment, anticipate the traffic conditions further downstream, and use reaction times 
dynamics to respond to changes in stimuli (e.g., through a set of actions that can be carried out at the decision 
point). A similar diversity of modelling approaches can be found for lateral driving behaviour that controls 
when drivers change lanes, merge, and diverge, as well as gap acceptance and conflict handling at 
roundabouts or intersections. All these models are, in principle, collision-free and do not cater for the full 
heterogeneity of driving behaviour in the simulation environment. Therefore, researchers and traffic 
engineers have recently made several attempts to relax this assumption by incorporating human factors and 
cognitive processes of human drivers into these traffic flow models of driving behaviour. 
 
In this document, some insights from psychological human factor studies and traffic flow engineering are 
brought together to propose a conceptual framework that standardises the process of incorporating human 
factors in human-driver models. In this standard framework, two factors are considered:  
 

1- Complexity versus relevance 
From the perspective of human factors and (applied) psychology, the mental processes involved in 
driving tasks are studied to a very detailed and complex extent. Incorporating all these complexities 
into a (mathematical) simulation model, however, will deteriorate the relevance of the model from 
the engineering perspective. This is because of two intertwined reasons. First, more parameters 
result in models with more degrees of freedom, which need to be calibrated with (increasingly) more 
data, which thus results in (increasingly) more ways in which the model may “get it wrong”. More 
behavioural detail typically also leads to more unobservability (of key parameters) and more non-
linearity of the mapping. Therefore, even if computationally feasible, more complexity leads to larger 
uncertainty in the model outputs. Therefore, it is fundamentally important to keep models as simple 



i4driving Framework design, modeling and coding design principles | 20.04.2023 

  Page | 9  

as possible for the application at hand. The simulation models do not aim to replicate reality but 
rather to explain the interactions and phenomena as realistically as needed for the project’s 
purposes. Thus, the main goal is to find the optimum trade-off between human factors and 
engineering perspectives by continuously revisiting this conceptual framework through the course 
of the i4Driving project.  
 

2- Generalisability  
This balance between complexity and relevance also closely relates to how well the framework 
generalises existing (and future) simulation models of driving behaviour. Over seven decades of 
traffic flow theory and simulation have resulted in many schools of thought, each characterised by 
different behavioural assumptions on how drivers respond to stimuli, which stimuli they respond to 
and when they respond to stimuli; see e.g. (van Wageningen-kessels et al., 2014; Saifuzzaman et al., 
2014; Brackstone and McDonals, 1999) for overviews on models for longitudinal driving (free driving 
and car following); and e.g. (Daamen et al., 2010; Kesting et al., 1999; Laval and Daganzo, 2006; 
Treiber and Kesting , 2009; Zheng, 2014) for models that describe lateral behaviour (lane changing, 
merging). Abandoning the idea of collision-free driving does not mean abandoning the governing 
principles underlying these “engineering models” for driving behaviour. Driving still is a multi-scale 
control task, it just is not guaranteed to be collision-free due to the reasons discussed above: human 
factors may nudge drivers towards unsafe interactions, in the worst cases leading to accidents. The 
conceptual framework is thus designed to be as independent as possible from specific 
(mathematical) simulation models, so that existing collision free engineering models can be plugged 
in, as well as future human driver models with cognitive process and human factors, to the 
framework. 

2.2 Human factors in human-driver models 

In microscopic traffic models, the driving task is considered a control task where Human Factors (HF) can 
play a fundamental role in stimulus-response processes that take place to perform this control task (see 
Figure 1 above). In principle, stimulus and response processes are governed by an information processing 
mechanism, in which the simulation environment is observed by the driver model and translated into 
anticipated stimuli, such as distance gaps and speed differences, and respective responses, such as 
acceleration/deceleration, and lane choice/lane changes/steering. These processes can be subject to driving 
traits and all relevant mental states, such as skills, fatigue, age, gender, and preferences. Such human factors 
can be included in human-driver models either exogenously or endogenously.  

2.2.1 Exogenous human factors in human driver models  

Most commonly, HF processes are exogenously incorporated to varying extents through the model 
specification in combination with the parameter definition. The same holds for exogenously altering reaction 
times and generating errors in the perception of stimuli. The exogenous modelling of human factors can be 
used to account for the heterogeneity of driver behaviour but does not provide insights into the dynamics 
over time in the HF mechanisms (e.g., behavioural adaptation, etc.) governing perception, anticipation, or 
response.  

2.2.2 Endogenous human factors in human driver models 

The second and more sophisticated way of incorporating HF in the human-driver model is by endogenously 
defining information processing of driver decision-making by means of functions or algorithms that explain 
both dynamics in reaction time and response parameters (e.g., desired time gap or accepted deceleration 
rate/accepted time gap, etc.), as well as heterogeneity in driving behaviour. This can happen, for instance, by 
changing the driver's state (i.e., his/her reaction time and response parameters) as a function of the current 
state of the driver, the stimuli, and the environment. The endogenous incorporation of HF in human-driver 
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models requires proper modelling of cognitive processes. This requires synergising the insights from human 
factors and traffic engineering.  

The i4Driving project aims at providing the possibilities to endogenously, as well as exogenously, incorporate 
HF in human driver models. To this end, first, the consortium explores the cognitive processes of driving tasks 
from ergonomic and psychological perspectives. Then, the consortium explains how these cognitive 
processes can be abstracted and incorporated into a generic multi-layer human-diver engineering model.  

 

2.3 Information processing  

From ergonomic and neuropsychological perspectives, the resource of the information processing processes 
in the driving task can be understood by two categories of attention mechanisms namely the bottom-up and 
top-down approaches (Wickens et al., 2021, Wickens and McCarley, 2019). A high-level presentation of 
bottom-up and top-down fashions is illustrated in Figures 2 and 3 respectively and discussed below. 

2.3.1 Bottom-up approach 

The bottom-up approach, in Figure 2, refers to the mechanism starting from the salient stimuli of the 
environment such as spotlights or speed limit signs where those stimuli can grab drivers’ attention. The 
external focused stimuli can direct the perception of drivers towards a subset of decisions anticipated by 
drivers which at some point makes drivers (with a certain reaction time) respond accordingly.  

 

Figure 2: Bottom-up information processing approach 

 

2.3.2 Top-down approach 

The top-down approach, on the other hand, refers to the information processing process of drivers where 
the attention of a driver is internally governed by factors like prior knowledge (e.g., expertise, familiarity, 
etc.), plans (e.g., routes, paths, speed criteria, merging, diverging, etc.), and goals (e.g., destinations) that 
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are called intentions. Based on intentions e.g., changing lane or merging, drivers would consciously look for 
relevant information around the vehicle (like checking the rear-view mirror) as the input of their perception.  

 

Figure 3: Top-down information processing approach 

From the engineering perspective, these information processing processes can take place at the strategic, 
tactical, or/and operational horizons. For example, the intention of drivers in the bottom-up approach plays 
an important role at the tactical level (like desires to change lanes) whereas the intention in the top-down 
fashion is seen as working at the strategic level (like plans, route choices, and path choices). With deliberate 
use of these fashions and maintaining a minimal set of key variable states in this human information 
processing mechanism (to comply with the first key consideration mentioned in section 2.1), traffic engineers 
can quantify and explain many driving traits in a simulation environment. Examples of these mental key 
variable states that are being used in human-driver models are the driver’s workload, risk-taking, task 
capability, and task difficulty. Details about each of these state variables will be explained in deliverables D2.4 
and D2.5 of the i4Driving project. 

 

2.4 Generic multi-level i4Driving modelling framework  

To conceptualise the human-driver modelling framework, the consortium disentangles operational collision-
free models from all the information processing processes that take place at strategic, tactical and/or 
cognitive levels (see Figure 4). In doing so, the second key consideration mentioned in section 2.1 regarding 
the generalisability of the framework is complied with. It means that one can easily integrate any collision-
free driver models into this model library and therefore the framework remains model-independent. Within 
the cognitive layer, the mental processes leading to driver awareness are also disentangled from the 
processes that govern driving traits and from human factors. This will allow the consortium to explain inter-
/ intra-driver heterogeneity both exogenously and endogenously. 
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Figure 4: The conceptual framework of the i4Driving human driver model 

The conceptual framework depicted in Figure 4 outlines a hierarchical driving process that operates at three 

distinct levels: strategic, tactical, and operational. At the strategic level, drivers make longer-term decisions, 

such as selecting a particular driving path or lane. As the driving task progresses, mid-term decisions arise, 

such as changing lanes to merge onto a different highway or to overtake a slower vehicle. These decisions at 

the tactical and strategic levels ultimately manifest as operational level actions, such as steering, 

accelerating, or decelerating.  

 

To make these decisions, a plethora of cognitive and information processes occur within the driver's brain. 

An abstract representation of these processes is captured through models and subprocesses in the cognitive 

layer of the human driver model. This cognitive layer encompasses various aspects, including driver 

awareness, human factors, and mental state, that all contribute to the decision-making process. The 

cognitive layer's processes and parameters enable drivers to respond to computed stimuli perceived and 

anticipated from the simulation environment. 
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3 Integrated simulation framework design  

This section elaborates on the design of an integrated simulation framework that can facilitate all the 
required functionalities needed for the safety assessment of the ADS. The term “integration” here refers to 
the integration of models intertwined at the strategic, tactical, and operational level that governs the 
behaviour of a human driver in a simulation environment. Any existing traffic simulation software like SUMO, 
AIMSUN, and OpenTrafficSim (OTS) can be extended further to implement this integrated simulation 
framework. The consortium will use OTS as an example in this Work Package and will explain the software 
design and technical details of development in this section. OTS provides the functionalities that allow the 
consortium to easily implement the i4Driving conceptual framework of human drivers introduced in section 
2.4. 
 

3.1 Open Traffic Simulator  

OTS is an open-source microscopic simulator developed in Java by Delft University of Technology. OTS 

provides scalable, flexible, and extendable simulation environments with many functionalities that will allow 

the consortium to easily implement a library of i4Driving human-driving models. To explain how OTS is 

designed, the simulation structure and its components are explained below. Please note that this document 

only introduces the high-level structure of the OTS design pattern and does not include a description of class 

diagrams and methods. Detailed information on software development will be included in deliverables D2.2 

(Suite of unit tests for model development), and 2.3 (Incremental version of i4Driving software library).  

OTS encompasses four main components.  

• Simulation environment  

• Behavioural models 

• Cognitive mechanisms 

• Traffic demand  
 

Figure 5 shows how these components interact with each other within the OTS.  

 

Figure 5: OTS simulation structure 

In the next sections, each of these components are introduced in more detail.  
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3.1.1 Simulation environment 

The simulation environment in OTS is originally designed in 2D space. But it can provide options to link to 3D 
space environments as well. This environment includes three main components:  

• Network 

• Objects 

• Generalised Traveling Units (GTU) 
 

 

Figure 6: simulation environment in OTS 

Network 

The network is represented as a directed graph, using links and nodes. Nodes are simply points with an 
adjacency and ID, while links go from one node to another along some design line.  

 

OTS Link 
⌊ Id 
⌊ Start node (Node) 
⌊ End node (Node) 
⌊ Design line 
⌊ GTUs 
⌊ Link type 

Each link can be divided laterally into lanes with predefined offsets and widths. Each lane can obtain 
information from both laterally and longitudinally connected lanes. This information includes, for instance, 
the lane change possibility. A GTU in one lane have access to the information regarding GTUS in connected 
lane.  

 

Objects  

Objects along the road (e.g., speed limit signs, signals, etc.) in OTS are in principle lane based. it means that 
they can be located at any position on a lane. This allows the GTU to interact with these objects easily. A list 
of objects that are inherently defined in OTS are:  

• Loop detectors  

• Conflict and priority points/areas 
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• Traffic lights and controls  

 

Loop detectors, amongst others, are objects that can be triggered automatically when a GTU crosses them. 
These objects periodically collect measurements at the lane level and store them in the list associated with 
that specific lane.  

 

  Detector 
  ⌊ LoopDetector 
    ⌊ {Measurements} 
      ⌊ Mean speed measurement 
      ⌊ Harmonic mean speed measurement 
      ⌊ Occupancy 
      ⌊ Passages 
      ⌊ Platoon sizes 
 

Generalised Traveling Units 

Within OTS, a generic traveling object called Generalised Traveling Unit or GTU can be defined. A GTU can 
represent any moving agent in the simulation environment that can be controlled by a human or computer 
(model). GTUs can basically move freely in the simulation environment, allowing smooth space-continuous 
trajectories. However, within a simulation scenario, GTUs move according to an operational plan determined 
by a tactical planner who executes the overall strategy of a strategic planner. In the next section, the strategic 
planner, tactical planner, and operational plan is explained.   

 

3.1.2 Behavioural models 

The behavioural models are a library of stimulus-response models in the OTS that control GTUs and hence 
are collision free engineering models. In this chapter, the modularity and the hierarchical structure of this 
component is explained. The readers are referred to (van Lint et al., 2016) for a detailed description of the 
models. In OTS, the behavioural models that control GTUs are categorised into three levels of decision-
making horizon i.e., strategic, tactical, and operational (Michon,1985) (see figure 7).  



i4driving Framework design, modeling and coding design principles | 20.04.2023 

  Page | 16  

 

Figure 7: Hierarchical decision horizons in the library of behavioral models in OTS 

Strategic planner 

Each GTU has a strategic planner which makes strategic decisions. The strategic planner provides 
information, such as the route, origin, destination, and what link to travel to next at a split, for the tactical 
planner. It includes the long-term choices of drivers and can simulate the “intention” in the cognitive layer of 
the i4Driving conceptual model.  

 

Tactical planner 

Tactical planners can be understood of as a collection of decisions that are used to control the short-term 
movement of the GTUs at operational level. The tactical planner includes lane-changing as well as car-
following models to govern vehicle manoeuvres in the simulation environment. When the tactical planner is 
called by a GTU, it generates a plan for the agent that can be used in operational level.  

 

 Operational plan.  

The operational plan defines the movement of a GTU over the applicable time span i.e., second. The OTS is 

an event-based simulation which can report location, speed, and acceleration of GTUs at any point in time. 

The position of the GTU in a path is a function of time and depends on the time of start, the start speed, and 

the segments. Each segment defines for some partial duration of the plan what constant acceleration is 

applicable. It can define constant speed and implies no acceleration, as well as define a particular acceleration 

value. Segments are consecutive, so starting with the start speed, the entire progression through the 

operational plan can be build up one segment at a time. In classical vehicular models the operational plan has 

a single acceleration segment, and its duration is equal to the model time step. Segments are defined as 

consecutive time intervals of the plan with constant acceleration. In the operational plan, it can be specified 

if the GTU follows the lane centre lines or not. The lane-based variant of an operational plan is defined as 

deviative or not. A deviative plan does not strictly follow the lane centre lines. 
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3.1.3 Cognitive mechanism  

Perception is a fundamental part of OTS. It allows a next generation of traffic models where cognitive 
mechanisms like perception errors and HF are explicitly modelled with endogenous processes. The structure 
of components regarding perception is highly modular, such that perception, HF, and tactical planner models 
can be used in various combinations. Perception is always used as an interface between the modelling 
environment (network, GTUs, objects) and tactical models. It also provides information for tactical models. 
In the cognitive layer of OTS, a mental process based on the theory presented by Fuller (Fuller, 2002) is 
implemented which could account for situational awareness, behavioural adaptation, driving traits, and 
more.  

 

3.1.4 Traffic Demand  

Traffic demand, or demand for short, describes when and where travellers want to travel. It can specify the 
number of choices made, such as destination, departure time, mode, and route choices. Choices that are 
specified in the demand depend on the application. These choices can either be given as inputs or modelled 
in the strategic planner. Demand results in trips that manifest in moving GTUs over the network. GTUs are 
placed on the network by a vehicle generator or GTU generator. These generators are the interface between 
demand and traffic simulation. The demand in OTS can be defined either via Origin-Destination (OD) matrices 
or the injection method. These methods provide information for GTU generators to add vehicles to the 
interface based on a given distribution of inter-arrival times and GTU characteristics.  

 

3.2 Required functionalities  

In the design of this integrated simulation framework, the consortium provides a certain list of the 
functionalities that could be necessary for the evaluation and use of human driver models in target 
applications of the i4Driving model library. This model ultimately can work in 2 or 3 dimensions. Considering 
time as an additional dimension, this model is called the 4D driving model. At this stage, an ongoing discussion 
on the necessity of these functionalities due to their dependency on other work packages i.e., WP1, WP3, and 
WP6 will be had. This may result in some of these functionalities to be omitted in the future accordingly. 

 

Table 1: required functionalities of i4driving model library 

No. Functionality of i4Driving model library 

1. Provide flexibility to support all ranges of driving models from collision-free and ADS/ADAS (a 
generic and open-source ADS model), to the fully sophisticated i4Driving human driver model. 
(Generate mixed traffic) 

2. Link to open scenarios (common road, OpenScenario, OpenDrive) 

3. The connection between traffic and driving simulators (for the Turing test)  

4. Compatibility (input-output matching) with open-source library of uncertainty modelling of 
driver heterogeneity 
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Based on the discussions between partners of the project, three key required functionalities of the i4Driving 
model are listed:  

1. The first functionality is that the driving model library should entail both human driver and ADS 
models. This is important since the human driver model is going to be used in one of the target 
applications of the project that assesses the safety indicator in a mixed traffic scenario.  

2. The second required functionality is that the consortium should be able to apply and test i4Driving 
model library on existing open scenarios (both geometry and scenarios). In this project, there will be 
a Turing test that requires humans in the driving simulator interact with surrounding vehicles driven 
by the 4DDriver model. For this, there will be a need for connection between the traffic and driving 
simulators.  

3. Finally, the parametric models in the i4Driving model impose uncertainty to the analysis of the 
scenarios. We, therefore, need compatible input-output matching to facilitate sensitivity analysis of 
these parameters. 

  

4 Concluding remarks and next steps 

In this deliverable, the consortium provided the first version of a conceptual framework for the i4Driving 
human-driver model. Due to the complexity of integrating HF and driving behaviour, this conceptual 
framework may continuously be revisited through the course of this project and the updated version will be 
reported in the introduction section of each upcoming deliverables, with highlights on the parts that are 
developed. The conceptual framework disentangles driving task control (so-called collision-free stimulus-
response driving models) from the cognitive mechanism of perception and anticipation which governs the 
driving traits. This framework allows the consortium to endogenously consider human factors in driving 
simulation. This document also provides a very high-level description of the software design of a microscopic 
open traffic simulator (OTS) which can facilitate the ground for further development and implementation of 
different layers in the i4Driving human driver model library.  

The next step is to release version 0 of the i4Driving model library with the base implementation of the human 
driver model. The technical details about the models and implementation steps will be reported in the next 
deliverables. Linking human driver models to CommonRoad is another step that the consortium will be 
working on in the coming months. Discussions and interventions regarding sensitivity analysis of the 
parameters of the model is also an ongoing activity which the results will be delivered in next deliverables.  
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