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The IVSS Programme 
 
The IVSS programme was set up to stimulate research and development for the road 
safety of the future. The end result will probably be new, smart technologies and new IT 
systems that will help reduce the number of traffic-related fatalities and serious injuries.  

IVSS projects shall meet the following three criteria: road safety, economic growth and 
commercially marketable technical systems. 

Three interacting components - for better safety, growth and competitiveness: 

The human being 

Preventive solutions based on the vehicleÕs most important component. 

The road 

Intelligent systems designed to increase security for all road users. 

The vehicle 

Active safety through pro-active technology. 

 

 

• Injury prevention 
• Crash avoidance 
• 
• 

• Business growth 
on a global market 

• Product excellence 
• Premium requirements 
• Cost 
• 
• 

IVSS 
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1. Contributions to IVSS goals 

The IVSS Intersections Accidents project has contributed to all three IVSS goals. 

1.1. Traffic Safety 

In the plan for the this project, we wrote: 
 
SwedenÕs long - term road safety goal is that there  
should be no fatalities  or seri ous injuries in roa d 
traffic. The Swedish National Road Administration ,  
SNRA, has concluded that inters ection accidents are  
the only major category of  accid ents that they donÕt 
foresee a solution for in order t o achieve the ÒVision 
ZeroÓ goal. É Among the  recog nised obstacles for  
safety improvements are an incomp lete underst anding of  
the human factors issues that affect the driverÕs  
decision making and a lack of reliable data on the  
effectiveness of various safety countermeasures.  
 

The Swedish automotive industry is known around the world for its prowess at 
developing and marketing state of the art safety systems.  To maintain this competitive 
advantage and to help the SNRA meet the Vision Zero goal, the project focused on (1) 
developing a more complete understanding of driver decision making in intersections and 
the contextual factors that influence them and (2) developing and testing methods and 
metrics that provide reliable data for the design of active safety systems.  The 
development of methods and metrics and their application to quantify driver decision 
making can be used by the industrial partners in their proprietary design of active safety 
systems.  Accordingly, the results reported here inform the design of active safety 
systems generally and do not test the effectiveness of specific systems.  The development 
and testing of specific systems is more appropriately proprietary work.  Our results are 
enablers of active safety system design.   
 
The results include: 
 
1)  Development of an image processing system that reliably extracts vehicle trajectories 
- the time series of spatial coordinates - from the pixels of images obtained by 
infrastructure-mounted video cameras. 
 
2)  Definition of archetypical vehicle trajectories and of a method for scenario 
classification based on the geometry of concurrent trajectories. 
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3)  Definition of the contextual sensitivity of ÔnormalÕ traffic and ÔnormalÕ driver 
behavior using velocity profiles.  Deviation from a normal profile may be a useful input 
to the design of active safety systems.  
 
4)  Adoption of Post-Encroachment Time (PET) as the preferred metric for analyzing 
near-crash incidents in intersections.  Encroachment occurs when a vehicle crosses the 
path of a vehicle with the right of way.  The PET is a measure of the gap between the two 
vehicles.  The shorter the value of PET, the nearer the near-crash incident. 
 
5)  Application of the PET metric to data from the image processing system to document 
the distribution and contextual sensitivity of PET.  This finding may be a useful input to 
the design of active safety systems.  
 
6)  Development and application of a novel approach to understanding when and where 
drivers make the decision to encroach upon a car that has the right of way.  We defined 
the contextual sensitivity of this decision.  On average, drivers are willing to encroach at 
shorter times and distances when they approach the right of way vehicle from the 
opposite direction than from the side.  This finding may be a useful input to the design of 
active safety systems.  
 
7)  Development of predictive models of the contextually sensitivity of the decision to 
encroach.  The model may be a useful input to the design of active safety systems.  
 
8)  Development of two methods for obtaining data about encroachment in a driving 
simulator.  The first is to create predictable encroachments and to observe responses of 
drivers with the right of way to those encroachment.  The second builds upon a method 
developed as part of the IVSS-sponsored THREATS project.    
 
9)  Application of the first method to study encroachments observed at two monitored 
intersections.  The analysis defines the Ôcomfort zoneÕ that drivers are willing to tolerate 
when they anticipate an encroachment. This finding may be a useful input to the design 
of active safety systems.  
 
10)  Analysis of data gathered using the ÔTHREATS methodologyÕ defines the PET value 
at which most drivers would welcome a hypothetical alert to an encroachment.   
 
11)  Application of the THREATS method in a simulator study that discovered the 
contextual sensitivity of the welcomeness of hypothetical alerts to encroachment.  The 
same drivers differentially welcome alerts depending upon their point of view (right of 
way or encroacher) and the geometry of the incident (oncoming or from the side).  At the 
simulated intersection we studied, drivers of the vehicle with the right of way welcomed 
an alert at an average of 20 meters.  When those same drivers were driving the 
encroaching vehicle from the opposite direction they welcomed an alert at only 12.5 
meters.  This finding may be useful input to the design of active safety systems.   
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12)  Development of a model of driver behavior (control actions) when approaching, 
entering, and exiting an intersection.  The model is a template of how we can expect 
drivers to act in an urban intersection and identifies characteristic sequences of actions 
that define spatial zones.  The model predicts that we can expect more similarities across 
cases with the same sequence of road types (e.g. primary to secondary road or secondary 
to primary road) than across cases with the same driver intent (e.g. turning right).  This 
finding may be useful input to the design of active safety systems.   
 
In sum, the project generated a dozen novel results that can be used to inform the design 
of active safety systems and, as a consequence, help the Swedish automotive industry 
maintain its competitive advantage and the SNRA achieve its Vision Zero goal. 

1.2. Global business growth and competitiveness 

Intersection accidents are a major problem worldwide.  The development of equipment 
like active safety systems that have the potential to mitigate this problem is a likely 
enabler of global business growth and international competitiveness for the projectÕs 
industrial partners.   
 
This project has indirectly contributed to the enhanced international competitiveness of 
the industrial partners by defining and applying metrics that inform the design of active 
safety systems.  In the process, all partners in the project have learned how to conduct 
rigorous scientific analyses of intersection traffic and driver behavior in intersections.  
We now have a deeper understanding of the constraints and issues associated with driver 
behavior, intersection accidents, and the design of systems that may reduce fatalities or 
serious injuries at intersections.   
 

2. Contribution to focus areas 

2.1. Sense, aler t &  respond 

The process of generating the results summarized above have enabled us to characterize a 
set of functions that might be performed by active safety systems designed to (a) detect 
impending encroachment incidents and to (b) decide whether or not to issue an alert or 
intervention.   
 
Here, we illustrate the complexity and variety of the factors that may be considered 
during the design and development of such systems.  This is not presented as and should 
not be interpreted as the specification of a product.  It may be incomplete or may not be 
operational.  It is, however, a template for evaluating and synthesizing the results of this 
project.   
 



8 

We assume that active safety systems for encroachment in intersections may possess the 
following functionality:   
 
1) Sensors identify the locations and velocities of traffic, the presence of static objects, 

and the driverÕs intended path through the intersection.   

2) The sensor data is linked to stored information about the intersection geometry, 
layout, and the rules of the road.   

3) The system feeds this information to an automated traffic classification scheme that 
specifies the traffic scenario for the impending passage through the intersection.  The 
traffic scenario is (linked to) an information-rich schema for expectations and 
actions.   

4) The scenario provides the traffic context - expectations for locations and velocities 
of other vehicles, for how the event will unfold, and for the factors that are likely to 
influence the driverÕs acceptance of an alert or intervention. 

5) The system monitors traffic for deviations from the expected locations and velocities 
of other vehicles.   

6) The system monitors the driver for deviations from the expected patterns of control 
actions. 

7) The system applies an algorithm that fuses the multiple streams of information and 
compares them to expectations.   

8) The system issues an alert or intervention if and only if the data fail to adhere to 
expectations and the driver is likely to accept it.   

2.2. Just before the unavoidable 

Our focus on driver behavior and on informing the design of active safety systems has 
not precluded analyses of data that pertain directly to near-crash incidents.  By studying 
normal behavior and the responsiveness of drivers to alerting systems, we now have a 
sound basis for defining ÔunusualÕ or ÔunsafeÕ driver behavior that is likely to lead to 
near-crash incidents where only an intervening system could avoid or mitigate the 
unavoidable.   
 
The data generated by this project could be used by the industrial partners to model the 
effectiveness and specifications of in-vehicle sensors that would inform proposed active 
safety systems.  This modeling is beyond the scope of this project but is a logical 
extension.   

2.3. Support functions 

Similarly, the data generated by this project could be used by the industrial partners to 
model the effectiveness and specifications of functions designed to support driver 
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decision making.  Once again, this modeling is beyond the scope of this project but is a 
logical extension.   
 

3. Drivers of change 

Our results inform at least three of the major drivers of change in society and in the 
automotive industry.   
 
First, Sweden is becoming an increasingly multicultural society.  Not all residents share 
the same cultural norms for decision making and behavior.  One set of findings we report 
documents cultural differences in driving style and attitudes toward active safety systems.  
With the increasing marketing and sales of automobiles in countries with different 
cultural norms, knowledge of those norms may be useful for designers of active safety 
systems.   
 
Second, it is a hard fact that these troubled economic times are keeping many people 
from buying new cars and trucks.  If new systems were to become available that enhance 
safety and the attractiveness of new cars, they might increase the likelihood of revived 
sales.   
 
Third, there is a movement in the automotive industry towards including more and more 
sensors and associated hardware in vehicles.  The growth of hardware is in danger of 
outstripping our knowledge of how best to utilize it.  Accordingly, what is needed is an 
understanding of how to fit the emerging technologies to the expectations and actions of 
drivers.  This will require a focus on software and decision/action strategies using 
methods and metrics like those developed by this project.  
 

4. Spin-offs and ties to previous IVSS-funded 
research 

As part of the project, we adopted the THREATS methodology (KŠllhammer, Smith, 
Karlsson, and Hollnagel, 2007) and enhanced it.  This was used in the SAAB simulation 
facility to elicit from drivers the welcomeness to hypothetical alerts to encroachment.  
The visualization capabilities of the simulator were enhanced as part of this project.  This 
enhancement has already benefited other IVSS-sponsored research projects.   
 
We developed and applied a toolbox of methods and demonstrated that these methods, 
when used together, can overcome obstacles to progress toward the Vision Zero goal.  
Figure 1 shows the three programs that contributed methods.  The image processing 
program provided base line data on vehicle trajectories.  Analyses of trajectories 
informed the development of the geometric method for classifying traffic scenarios that 
is, in turn, a cornerstone for all three programs.   
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The known trajectories of the drives by the test vehicle provided the opportunity to test 
the scenario classification algorithm and to document the influence of traffic scenario on 
data capture.  The one encroachment incident experienced by the test vehicle informed 
the design of the experiments conducted in the simulator studies of encroachment.   
 

 
 

5. Summary of results 

5.1. Methods 

The first section of the report contains four chapters that document the steps taken to 
enable data collection and the methods that generate and analyze the multiple streams of 
data. 

5.1.1. 2  Getting started 

Chapter 2 summarizes the work done to get the project started.  This work included the 
selection of the SŠvenŠs and Jung intersections, the selection of the software for the 
multi-driver simulator, and the retrofitting of the instrumented test vehicle.  The 
discussion reviews the constraints on the decisions that were made and the time line of 
the project.   
 



11 

• Selection of SŠvenŠs and Jung 

• Selection of multi-driver simulator 

5.1.2. 3  From video images to vehicle trajectories 

Chapter 3 provides an overview of the image processing system developed by ISY for 
this project.  The goals of the image processing program were (1) to develop a method for 
extracting the temporal and spatial coordinates of vehicles from the pixels of images 
obtained by infrastructure-mounted video cameras and (2) to provide the basic data for 
analyses of traffic scenarios, driver behavior, and encroachments.  These data form the 
baseline for comparisons with data from the test vehicle and simulator programs.   
 
The chapter reviews methods developed by VCC for analyzing and repairing data 
generated by the image processing software.  The key innovation is the introduction of 
archetypical vehicle trajectories called Ôprincipal trajectoriesÕ that are used to assign 
tracks to trajectories.  The chapter also reviews the methods developed by Autoliv and 
Chalmers for filtering and correcting repaired trajectories.   
 

• Automated extraction of vehicle tracks from video images 

• Assignment of tracks to trajectories using principal trajectories 

• Repairing and filtering of trajectories 

5.1.3. 4  Fundamental definitions and preliminary analyses  

VCC developed the backbone of the data analysis program relatively early in the project.  
Chapter 4 documents the method for scenario classification based on the geometry of 
vehicle trajectories, the post-encroachment time (PET) metric, and other metrics.  It also 
presents the results of the initial applications of the classification method to the image 
processing data from SŠvenŠs.   
 

• Geometric scenario classification method 

• First-stage analysis of data from SŠvenŠs 

5.1.4. 5  Traffic scenarios from the driver’s point of view 

Autoliv and Chalmers build upon the work by VCC to fine-tune the method for scenario 
classification.  Chapter 5 discusses the updated classification system that differentiates 
scenarios depending upon the driverÕs point of view.   
 

• Scenario classification from the driverÕs point of view 
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5.2. Results from SŠvenŠs and Jung 

The three chapters in the second section of the report present analyses of the traffic 
scenarios at SŠvenŠs and Jung.  Data about the base rates of traffic scenarios, of 
encroachment incidents, and of adaptive velocity control may inform the design and 
development of in-vehicle active safety systems.   

5.2.1. 6  Observed traffic scenarios at Sävenäs and Jung 

Chapter 6 presents the base rate information about traffic scenarios and velocity 
distributions at SŠvenŠs and Jung.  The scenario classification system developed by 
Autoliv and Chalmers was used to determine the distribution of scenario counts.  At 
SŠvenŠs, 40% of scenarios are ÔsoloÕ drives in which one car is in the intersection.  By far 
the most common trajectories though the SŠvenŠs intersection are (a) the right turn from 
the north to the west and (b) its return, the left turn from the west to the north.  At Jung, 
only 20% are solo drives.  As expected, the most common trajectories are straight drives 
on the E20.   
 
Contextual sensitivity is a hallmark of skilled human performance.  It could also be a 
characteristic of in-vehicle active safety systems.  Specifically, both drivers and in-
vehicle active safety systems need to adapt to the changes in the traffic situation.  
Velocity is a key indicator of adaptive behavior that is readily available to in-vehicle 
sensors.   
 
To ascertain situations in which drivers display adaptive velocity control, Autoliv and 
Chalmers conducted statistical tests that examined the cumulative frequency distribution 
of velocity at 10 meter intervals along all trajectories.  Several types of comparison are 
discussed including the influence of the presence of potential provokers on the velocity of 
drivers with the right of way.  The analyses define a key component of ÔnormalÕ driving 
behavior through the intersections.  Knowledge of normal behavior is essential to the 
detection of abnormal behavior and to the design of active safety systems. 
 

• Base rate of scenarios at SŠvenŠs and Jung 

• Contextual sensitivity of velocity control 

5.2.2. 7  Encroachments observed at Sävenäs and Jung 

Autoliv and Chalmers built upon the work by VCC to fine-tune the application of the 
PET metric.  Encroachment occurs when a provoker crosses the path of a vehicle with the 
right of way.  The fine-tuning considers only cases in which the provoker crosses first.  
Chapter 7 applies this refinement to document the base rates of encroachment at SŠvenŠs 
and Jung.   
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An opportunity for encroachment exists when two (or more) cars are in the intersection at 
the same time, one with the right of way and one that could cross its path.  Given the 
operational definitions of encroachment used in the analyses, 8% of traffic scenarios at 
SŠvenŠs provided the opportunity for encroachment and 15% of potential provokers took 
the opportunity to provoke an encroachment.  Encroachment at SŠvenŠs is not rare. 
 
The overall rate of encroachment at Jung is more than twice that at SŠvenŠs.  A full 28% 
of scenarios at Jung provide the opportunity for encroachment and 9% of provokers take 
the chance.  Encroachment at Jung is far too common. 
 
The analyses compare the base rates for encroachment across traffic scenarios and 
recommend scenarios that deserve special attention when designing active safety 
systems. 
 

• Distribution of encroachment times and distances at SŠvenŠs and Jung 

• Identification of traffic scenarios with high rates of encroachment 

5.2.3. 8  Go / No Go decisions 

Chapter 8 introduces a novel approach to understanding when and where drivers make 
the decision whether or not to turn left and to encroach upon an approaching car that has 
the right of way in an unsignalized intersection.  The analysis used the data from SŠvenŠs 
and Jung to investigate four different left-turn scenarios - where the car with the right of 
way arrives from the opposite direction, from the lateral direction, from the intended 
direction (merging), and while making its own left turn.  For each scenario, we found the 
distances between the provoker and the car with the right of way (1) at the time when we 
can assume the decision to turn (or not) is made and (2) for the resulting encroachments.  
Logistic regression identified the distances associated with the 50/50 acceptance 
probabilities for both the decision to turn and its outcome for all four scenarios at both 
intersections.  We expected to find wide variability in these distances.  Instead, we 
observed an invariant outcome across the four left-turn scenarios.  We argue that tacit 
knowledge of this invariant may drive the decision of whether or not to turn and encroach 
and that this knowledge should be made explicit in the design of in-vehicle active safety 
systems. 
 

• Predictive models of the decision (not) to encroach for four scenarios 

5.3. Results from simulator studies 

The third section of the report presents data from the simulator studies at SAAB and IDA.  
The discussions focus on the variability of drivers in a simulator, their adaptive behavior 
in the face of encroachments, and on how they rate the welcomeness of a hypothetical 
alert to observed encroachments.  
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5.3.1. 9  Simulations of traffic scenarios at Sävenäs and Jung  

Chapter 9 describes the five experiments conducted in the multi-driver simulator at IDA.  
In each of the experiments, volunteers drove repeatedly through replicas of the SŠvenŠs 
or Jung intersections.   
 
To ascertain whether encroachment incidents would arise naturally in realistic 
simulations of the SŠvenŠs intersection, Experiments 1 and 2 were designed to create as 
natural a driving environment and experience as we could in the laboratory.  We 
constructed realistic road circuits with intersections that replicated the SŠvenŠs 
intersection and flows of traffic that appeared natural.  This realism prompted fast but 
cautious driving by our participants.   
 
Faced with need to satisfy the projectÕs goal of observing encroachment incidents and to 
overcome driversÕ natural caution, we adopted a radically different approach for 
Experiments 3 and 4.  These experiments created driving conditions in which 
encroachment incidents were frequent and predictable.  Participants drove a route in 
which they had the right of way through each of the replicas of the SŠvenŠs intersection 
where they encountered another car.  More often than not, that car would turn left across 
the participantÕs path.  The turns were timed to generate short PET values.    
 
As expected, participants quickly learned to anticipate the starkly unrealistic behavior of 
the provokers and adapted their driving behavior in response.  The nature of this 
adaptation is the data we were hoping to find.  Armed with the expectation of 
encroachment, drivers slowed to allow the provoker to pass before proceeding through 
the intersection.  The observation that drivers modify their driving to avoid expected 
encroachment bodes well for the introduction of active safety systems designed to detect 
and alert drivers to impending encroachments.   
 
The paradigm for Experiment 5 blended the best elements of the previous experiments.  
As in Experiments 1 and 2, drivers were instructed to explore the simulated world.  They 
crossed the replica of the Jung intersection many times, in all directions, and at their own 
pace.  As in  Experiments 3 and 4, drivers occasionally encountered provokers at the 
intersection.  Unlike the provokers in the previous experiments, the presence of provokers 
at Jung was unpredictable.   
 
The velocities of cars in the simulator experiments were not representative of traffic at 
SŠvenŠs.  The variability in velocity in the simulator far exceeded that at SŠvenŠs.  It is 
clear that greater experimental control is needed in this type of experimental setting if 
replication were to be the goal. 
 

• Overview of simulator experiments 

• Lack of representativeness:  no replication of traffic scenarios, highly variable 
velocities 
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• Velocity control in response to predictable encroachments 

5.3.2. 10  Simulated encroachments at Sävenäs and Jung  

Chapter 10 discusses the encroachments observed in the five simulator experiments at 
IDA.  All five were designed to set up opportunities for encroachment.  The first two 
documented that few experimental participants opted to provoke an encroachment.  These 
results led to the redesign of the experiments.  The redesign featured cars that were 
intentionally driven to provoke encroachment.  In Experiment 3, the drivers of the 
provokers were human confederates.  The confederates followed a script designed to 
create encroachments with known and fixed PET values.  Software drove the provokers 
in Experiments 4 and 5.  Like the confederates, the software adhered to a script with 
assigned PET values.  In both experiments, the frequent and predicable appearance of 
provokers created artificial driving conditions.   
 
In all but the first encounter, the observed PET values were greater than the scripted 
values.  This result reveals that the drivers slowed to avoid the encroachments and to 
cross the intersections well after the provokers.  It took only one experience with a 
provoker for the drivers to expect encroachments to occur and to compensate by 
modifying their velocity.  They adapted their driving so that they defined different 
comfort zones for the two types of encroachment.  The experiments support the 
conclusion that drivers seek to achieve longer PET times when encroached upon from 
ahead than from the side.   
 

• Definition of contextual variability in Ôcomfort zonesÕ for encroachment 

• Recommendations for thresholds for alerts to potential encroachment 

5.3.3. 11  Driver ratings of simulated encroachment incidents 

The experiments discussed in Chapter 11 were run in SAABÕs fixed-based driving 
simulator with a 220° view angle.  They presented simulated encroachment incidents in a 
replica of the SŠvenŠs intersection.  In each of the 36 trials, a provoker turned left across 
the path of a vehicle that had the right of way as it drove straight through the intersection.  
After each trial, participants rated the welcomeness of a hypothetical alert (with an 
unspecified modality, intensity, etc.) to the incident they had just experienced. 
 
Repeated measures ANOVA revealed that welcomeness increased monotonically as PET 
decreased.  Alerts to provokers that encroached from the side were more welcome than 
alerts to provokers that encroached from directly ahead.  Participants welcomed alerts 
more when they were in the vehicle with the right of way than when they were in the 
provoker.   
 
The significant interaction between driver point of view and encroachment direction may 
have implications for the design of active safety systems.  The analysis indicated that an 
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alert was welcomed significantly less when participants were sitting in a provoking 
vehicle that turns in front of a vehicle that can be seen by looking straight ahead.  It 
appears that the design of active safety systems may have to accommodate information 
about the right of way as well as the type of encroachment.  
 

• Contextual sensitivity of the welcomeness of alerts to encroachment 

• Quantification of the relationship between encroachment time and the 
welcomeness of an alert 

5.3.4. 12  Cultural determinants of individual differences in driving style 

Chapter 12 presents an analysis of the responses by participants in the IDA experiments 
to a battery of self-report questionnaires in an attempt to identify factors that might 
influence the acceptance of active safety systems.  The data are consistent with the 
interpretation that speeders and drivers who are not easily distracted may find it exciting 
to Ôgame the systemÕ by pushing an active safety system to the limit where it issues an 
alert.  Alerts may need to be implemented in a manner that precludes their transformation 
into a behavioral reward for thrill-seekers.  The data also suggest that drivers from 
traditional, fatalistic cultures may find active safety systems superfluous or frivolous.  It 
behooves designers of automotive systems to take into account their cultural bias and not 
to assume that drivers from other cultures will think as they do. 
 

• Information that may influence the international marketing of active safety 
systems 

5.4. Results from the test vehicle 

The three chapters of the final section of the report present analyses of data collected 
using the Autoliv instrumented test vehicle.  The analyses in Chapters 13 and 14 focus on 
an extensive data set from one driver, a 33 year-old female, at SŠvenŠs.  The driver 
followed a predetermined circuit that took her through the intersection on all six possible 
trajectories.  The analyses in Chapter 15 include the drives taken by 10 additional drivers.   

5.4.1. 13  Traffic experienced by the test vehicle  

Chapter 13 documents the representativeness of the passes made by the test vehicle 
through the SŠvenŠs intersection and describes its one encroachment incident.  The 
repeated drives through SŠvenŠs afforded an assessment of how well the automated 
trajectory extraction system worked.  There are two major findings.  First, the trajectory 
extraction system recovered 87% (193 of 222) of the passes through the intersection 
made by the test vehicle.  The processing appears to have been particularly challenged by 
the one case in which a high percentage of vehicles have to come to a complete stop.  The 
low recovery rate when the test vehicle entered the intersection from the north on the 
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secondary road may reflect difficulties with the reconciliation of segments of trajectories 
broken when a vehicle stops.   
 
The chapter includes a first-hand account of the one encroachment experienced by the 
driver of the test vehicle.  This incident was an example of a left-turn across path form 
the opposite direction (LTAP/OD) with an PET value of 1 second.  The PET value would 
likely have been shorter had the driver not been attentive and braked sharply.  We view 
this incident as a paradigm that illustrates the need for the development of active safety 
systems.   
 

• Overview of the case study using the test vehicle 

• Representativeness of the drives in the case study 

• Description of the one experienced encroachment event 

5.4.2. 14  A multi-zone model of expected driver actions in intersections 

Chapter 14 develops a model of driver behavior when approaching, entering, and exiting 
an intersection based upon a case study of one driver at SŠvenŠs.  The model is a template 
of how we can expect drivers to act in an urban intersection and identifies characteristic 
sequences of actions that define spatial zones.  The three principal parameters used to 
define the model are the vehicle heading and the driverÕs gaze and head movements.  The 
analyses indicate that there are more similarities across cases with the same sequence of 
road types (e.g. primary to secondary road or secondary to primary road) than there are 
similarities across cases with the same driver intent (e.g. turning right). 
 

• Descriptive model of the contextual dependency of driver actions when 
approaching, entering, and exiting an intersection 

• Templates for expected driver actions - base lines for detecting irregular behavior 

5.4.3. 15  Intersection release time 

The study described in Chapter 15 investigated the gazes and control actions taken by 
multiple drivers when approaching the SŠvenŠs intersection on a single trajectory with 
the right of way.  The study introduces a novel metric - intersection release distance - to 
gauge whether, when, and where a driver assesses the potential for encroachment.  The 
analysis assumes that drivers search the crossing roadway for information about the 
locations and velocities of other vehicles.  Gazes and head rotations directed away from 
the driverÕs lane and toward the crossing roadway are diagnostic of an ongoing search.  
The distance from the center of the intersection where that search ends - the intersection 
release distance - is diagnostic of the judgment that the path through the intersection is 
clear.  Application of the metric to the data from SŠvenŠs uncovered characteristic 
changes in intersection release distance that varied as a function of traffic scenario.   
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• Descriptive model of the contextual dependency of driver actions when searching 
for potential provokers  

• Templates for expected driver actions - base lines for detecting irregular behavior 

 

6. Publications 

Hedborg, J., & Johnasson, B. (2008).  Real time camera ego-motion compensation 
and image rectification on GPU.  Real-time image processing.   

Johansson, B., Wiklund, J., & Granlund, G.  (submitted).  Combining shadow 
detection and simulation for estimation of vehicle size and position.   

KŠllhammer, J. E., Smith, K., Karlsson, J., & Hollnagel, E. (2007).  ShouldnÕt the car 
react as the driver expects?  Proceedings of the 4th International Driving Symposium on 
Human Factors in Driver Assessment, Training, and Vehicle Design.  Stevenson, WA.   

Leon Cano, J., Kovaceva, J., Lindman, M., and BrŠnnstršm, M. (submitted).  
Automatic incident detection and classification at intersections.  Submitted to the 21st 
International Technical Conference on the Enhanced Safety of Vehicles. Stuttgart, 
Germany.   

Smith, K., KŠllhammer, J.-E., & NŒbo, A. (accepted for presentation). Driver 
acceptance of alerts in the pre-crash phase of intersection incidents.  Submitted to the 
16th World Congress on Intelligent Transport Systems and Services.  Stockholm, 
Sweden.   

Smith, K., Thome, A., BlŒberg, C., & BŠrgman, J. (accepted for presentation).  An 
invariant may drive the decision to encroach at an unsignalized intersection.  Submitted 
to the  Fourth International Driving Symposium on Human Factors in Driver 
Assessment, Training and Vehicle Design.  Big Sky, Montana.   
 



 
 
 

 
 
 

 

 

 

IVSS partners: 

 

 

 

 

 

 

 
 

Postal address: IVSS/Swedish Road Administration, SE–781 87 Borlänge, Sweden 
Street address: IVSS/Swedish Road Administration, NAVET, Lindholmspiren 5, Gothenburg, Sweden 

Phone: +46 (0)771 119 119 
ivss@vv.se 
www.ivss.se 

 
 
 


