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The IVSS Programme

ThelVSS programme was set up to stimulate research and development for theroad
safety of thefuture. Theend result will probably be new, smart technologiesand new IT
systemsthat will hdp reduce thenunber of traffic-related fatalities and seriousinjuries.

IVSS projects shdl meet thefollowing three criteria: road safety, economnic growth and
commercialy marketable technical systems.

* Injury prevention * Business growth
* Crash avoidance on a global market
IVSS

* Product excellence
* Premium requirements
* Cost

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

Preventive solutionsbased on the vehicle® mog important component.

The road

Intelligent systems designed to increase security for all road users.

The vehicle

Active safety throughpro-active technology.
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1. Contributions to IVSS goals

ThelVSS IntersectionsAccidents project has contributed to al three IVSS gods.

1.1. Traffic Safety
In the plan for thethis project, we wrote:

SwedenOs long -term road safety goal is that there
should be no fatalities or seri ous injuries in road
traffic. The Swedish  National Road Administration :
SNRA, has concluded that inters ection accidents are
the only major category of accid ents that they donOt
foresee a solution for in order to achieve the OVision

ZeroO goal. E Among the recog nised  obstacles for
safety improvements are an incomp lete underst anding of
the human factors issues that affect the  driverOs
decision making and a lack of reliable data on the

effectiveness of various safety countermeasures.

The Swedish automotive indugry is known aroundtheworld for its prowess at
developing and marketing state of the art safety systems. To maintain this compditive
advantage and to hdp the SNRA meet theVision Zero god, the project focused on (1)
developing a more complete undestanding of driver decision making in intersectionsand
the contextual factorstha influence them and (2) developing and testing methodsand
metrics tha providereliable datafor thedesign of active safety systems. The
development of methodsand metrics and their application to quantify driver decision
making can be used by theindudrial patnersintheir propretary design of active safety
systems. Accordingly, theresults reported here inform thedesign of active safety
systems genealy and do not test the effectiveness of specific systems. The development
and testing of specific systemsis more appropriatey proprietary work. Our results are
enablers of active safety system design.

Theresultsindude

1) Development of animage processing system tha reliably extracts vehicle trgjectories
- thetime series of spaia coardinates - fromthe pixels of images obtained by
infrastructure-mounted video cameras.

2) Definition of archetypical vehicle trajectories and of amethodfor scenario
classification based on the geometry of conaurrent tragjectories.



3) Definition of the contextud senstivity of @omal Qtraffic and Gomal Odriver
behavior usng velodty profiles. Deviationfromanomal profile may beauseful input
to thedesign of active safety systems.

4) Adopionof Pog-Encroachment Time (PET) asthe preferred metric for andyzing
near-crash inadentsin intersections Encroachment occurs when a vehicle crosses the
pah of avehicle with therightof way. ThePET is a measure of thegap between thetwo
vehicles. Theshorter thevalue of PET, the nearer the near-crash inddent.

5) Applicationof the PET metric to datafrom theimage processing system to doaument
thedistribution and contextud sengtivity of PET. Thisfinding may beauseful inputto
thedesign of active safety systems.

6) Development and application of a novd approach to undestanding when and where
drivers make the decision to encroach uponacar that hastherightof way. We defined
the contextud sendtivity of thisdecison. On average, drivers are willingto encroach at
shorter times and distances when they approach the right of way vehicle fromthe
opposte direction than fromtheside Thisfindingmay beauseful inputto thedesign of
active safety systems.

7) Development of predictive modds of the contextudly senstivity of thedecisionto
encroach. Themodd may beauseful inputto thedesign of active safety systems.

8) Development of two methodsfor obtaining data aboutencroachment in adriving
simulator. Thefirst isto create predictable encroachments and to observe responss of
drivers with theright of way to those encroachment. The second buildsupona method
developel as pat of thelVSS-sponored THREATS project.

9) Applicationof thefirst methodto study encroachments observed at two monitored
intersections Theandysis defines the @omfort zoneQthat drivers are willing to tolerate
when they anticipae an encroachment. Thisfinding may beaussful inputto thedesign
of active safety systems.

10) Andysis of data gathered usngthe GHREATS methodobgyQiefines the PET vaue
at which mog drivers would welcome ahypohetica aert to an encroachment.

11) Applicationof the THREATS methodin a smulator study that discovered the
contextud sengtivity of thewelcomeness of hypothetical alertsto encoachment. The
same drivers differentially welcome alerts depending uponther point of view (right of
way or encroacher) and the geometry of theinddent (oncoming or fromtheside). At the
simulated intersection we studied, drivers of the vehicle with theright of way welcomed
an alert at an average of 20 meters. When those same drivers were driving the
encroaching vehicle fromthe opposte direction they welcomed an dlert at only 125
meters. Thisfinding may beuseful inputto thedesign of active safety systems.



12) Development of amodd of driver behavior (control actiong when approaching,
entering, and exiting an intersection. Themodd is atemplate of how we can expect
driversto act in an urban intersection and identifies characteristic sequences of actions
tha define spatia zones. Themodd predicts tha we can expect more similarities across
cases with the same sequence of road types (e.g. primary to seconday road or seconday
to primary road) than across cases with the same driver intent (e.g. turningright). This
finding may be useful inputto the design of active safety systems.

In sum, the project generated a dozen novd results that can be used to inform thedesign
of active safety systems and, as a consequence, hdp the Swedish automotive indugry
maintain its competitive advantage and the SNRA achieve its Vision Zero god.

1.2. Global business growth and competitiveness

I ntersection accidents are amaor problem worldwide. The development of equipment
like active safety systems tha have the potentia to mitigate this problem isalikely
enabler of globd busness growth and internaiond competitiveness for theproject@
indudria patners.

This project has indirectly contributed to the enhanced internaiond competitiveness of
theindudria patnes by defining and applying metrics that inform thedesign of active
safety systems. In theprocess, all patnesin theproject have learned howto condud
rigorousscientific andyses of intersection traffic and driver behavior in intersections
We now have adegper undestanding of the condraints and issues assodated with driver
behavior, intersection accidents, and the design of systems tha may reduce fatalities or
seriousinjuries at intersections

2. Contribution to focus areas

2.1. Sense alert & respond

The process of generating the results summarized abovehave enabled usto characterize a
set of fundionstha mightbe performed by active safety systems designed to (a) detect
impending encroachment inddents and to (b) decidewhether or notto issuean aert or
intervention.

Here, weillugrate the complexity and variety of the factors tha may be consdered
dunng thedesign and development of such systems. Thisis not presented as and should
not beinterpreted as the specification of a produd. It may beincomplete or may nat be
opeaationd. Itis, however, atemplate for evauaing and synthesizing the results of this
project.



We assume that active safety systems for encroachment in intersectionsmay possess the
following fundiondity:

1) Sensorsidentify thelocationsand velodties of traffic, the presence of static objects,
and thedriver@ intended pah throughtheintersection.

2) Thesensor daaislinked to stored information about the intersection geometry,
layout, and therules of theroad.

3) Thesystem feedsthisinformation to an automated traffic classification scheme tha
specifiesthetraffic scenario for theimpending passage throughtheintersection. The
traffic scenaio is (linked to) an information-rich schema for expectationsand
actions

4) Thescenaio provides thetraffic context - expectationsfor locationsand velodties
of other vehicles, for howthe event will unfold, and for thefactors that arelikely to
influence thedriver@ acceptance of an alert or intervention.

5) Thesystem monitors traffic for deviationsfrom the expected locationsand velodties
of other vehicles.

6) Thesystem monitorsthedriver for deviationsfrom the expected paternsof control
actions

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

8) Thesystemissuesan dert or interventionif andonly if thedaafail to adheeto
expectationsand thedriver islikely to accept it.

2.2. Just beforethe unavoidable

Our focuson driver behavior and on informing the design of active safety systems has
not precluded andyses of datatha pertain directly to near-crash incddents. By studying
nomal behavior and theresponsveness of driversto aerting systems, we now have a
soundbasis for defining @nusid Cor @inssfeCdriver behavior that islikely to lead to
near-crash inadents where only an intervening system could avoid or mitigae the
unavoidable.

Thedaa generated by this project could be used by theindugria partnersto modd the
effectiveness and specificationsof in-vehicle sensors that would inform proposd active
safety systems. This moddingis beyondthe scopeof this project butisalogca
extengon.

2.3. Support functions

Similarly, the daa generated by this project could be used by theindugria partnesto
modd the effectiveness and specificationsof fundionsdesigned to suppot driver



decison making. Once agan, thismoddingis beyondthe scopeof this project but isa
logical extengon.

3. Drivers of change

Our resultsinform at least three of themgjor drivers of changein sodety andin the
automotive indugry.

First, Sweden is becoming an inaeasingly multicultural sodety. Not al resdents share
the same cultural noms for decision making and behavior. One set of findingswe report
doauments cultural differencesin driving style and attitudes toward active safety systems.
With theincreasing marketing and sales of automobilesin counties with different
cultural noms, knowedgeof those norms may be useful for designe's of active safety
systems.

Second, it isa hard fact tha these troubled economic times are keeping many people
from buying new cars andtrucks. If new systems were to become available that enhance
safety and the attractiveness of new cars, they might increase thelikelihoodof revived
sales.

Third, thereis amovement in theautomotive indugry towardsinduding more and more
sensors and associated hardware in vehicles. Thegrowth of hardware isin dange of
outstripping our knowedgeof how best to utilizeit. Accordingly, wha isneeded isan
undestanding of howto fit theemerging technologies to the expectationsand actionsof
drivers. Thiswill require afocuson software and decision/action strategies usng
methodsand metrics like those devel opal by this project.

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

As pat of the project, we adopted the THREATS methodobgy (K Slhammer, Smith,
Karlsson, and Hollnagd, 2007 and enhanced it. Thiswasused in the SAAB ssimulation
facility to éicit from drivers the welcomeness to hypothetical alerts to encroachment.
Thevisudization capabilities of the simulator were enhanced as part of this project. This
enhancement has already benefited other 1V SS-sponsored research projects.

We developed and applied atoolbox of methodsand demondrated that these methods
when used together, can overcome obdacles to progress toward the Vision Zero god.
Figure 1 shows thethree programs tha contributed methods Theimage processing
program provided base linedaaonvehicle trgectories. Andyses of trgectories
informed the development of the geometric method for classifying traffic scenariostha
is, in turn, a cornerstonefor all three programs.



Theknown trgjectories of the drives by thetest vehicle provided theoppotunity to test
the scenario classification algorithm and to doaument theinfluence of traffic scenario on
daacapture. Theoneencoachmentinddent experienced by thetest vehicle informed
thedesign of theexperiments conduded in the ssimulator studies of encroachment.

I Image processing

\/ test Vehicle SimulatorS SS

5. Summary of results

51. Methods

Thefirst section of thereport containsfour chgpters that doaument the stepstaken to
enable daa collection and the methodstha generate and andyze the multiple streams of
daa.

5.1.1. 2 Getting started

Chapter 2 summarizes thework doneto get the project started. Thiswork induded the
selection of the SS/enS and Jungintersections the selection of the software for the
multi-driver smulator, and theretrofitting of theinstrumented test vehicle. The
discussion reviews the condraints on the decisonstha were made and thetime line of
the project.

10



+ Selection of SS/enS and Jung
e Sdlection of multi-driver ssmulator

5.1.2. 3 From video images to vehicle trajectories

Chapter 3 provides an ovaview of theimage processing system developed by ISY for
this project. Thegods of theimage processing program were (1) to develop amethodfor
extracting thetempora and spaial coordinaes of vehicles from the pixels of images
obtained by infrastructure-mounted video cameras and (2) to providethe basic datafor
andyses of traffic scenarios driver benavior, and encroachments. These daaform the
baselinefor comparisonswith datafrom thetest vehicle and simulator programs.

The chgpter reviews methodsdeveloped by VCC for andyzing and reparing daa
generated by theimage processing software. Thekey innovdionis theintrodudion of
archetypical vehicle trgjectories called @rindpd trgectoriesQtha are used to assign
tracks to trgjectories. The chgpter aso reviews the methodsdeveloped by Autoliv and
Chamersfor filtering and correcting repared trajectories.

* Automated extraction of vehicle tracks from video images

* Assignment of tracks to trgjectories usng prindpd trajectories

* Reparing andfiltering of trgjectories

5.1.3. 4 Fundamental definitions and preliminary analyses

V CC developel the backboneof the daa andysis program relatively early in the project.
Chapter 4 doauments the methodfor scenario classification based on thegeometry of
vehicle trgjectories, the pod-encroachment time (PET) metric, and other metrics. It also
presents theresults of theinitial applicationsof the classification methodto theimage
processing data from SSrens.

* Geometric scenario classification method

* Firgt-stageandysis of data from SS/enS

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

Autoliv and Chadmers build uponthework by VCC to fine-tunethe methodfor scenario
classification. Chapter 5 discusses the updded classfication system tha differentiates
scenariosdepending uponthedriver@ point of view.

 Scenaio classification fromthedriver® point of view
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5.2. Resultsfrom SSvenSsand Jung

Thethree chgpters in the second section of thereport present andyses of thetraffic
scenariosat SS/enS and Jung. Data aboutthe base rates of traffic scenarios, of
encroachment inddents, and of adaptive velodty control may inform thedesign and
development of in-vehicle active safety systems.

5.2.1. 6 Observed traffic scenarios at Savenis and Jung

Chapter 6 presents the base rate information abouttraffic scenaiosand velodty
distributionsat SS/enSs and Jung. Thescenario classification system developed by
Autoliv and Chdmers was used to deerminethedistribution of scenario counss. At
SS/enSs, 40% of scenariosare GoloQdrives in which onecar isin theintersection. By far
themos common trajectories thoughthe SSrenSs intersection are (a) theright turn from
thenorth to thewest and (b) itsreturn, theleft turn from thewest to thenorth. At Jung,
only 20%are solo drives. As expected, the mos common trgjectories are straight drives
ontheE20.

Contextud sengtivity isahdlmark of skilled human peformance. It could also bea
characteristic of in-vehicle active safety systems. Specifically, both driversand in-
vehicle active safety systems need to adgpt to thechanges in thetraffic situaion.
Velodty isakey indicator of adgptive behavior that is readily available to in-vehicle
Sensors.

To ascertain situationsin which drivers display adaptive velodty control, Autoliv and
Chamers conduded statistical tests that examined the cumulative frequency distribution
of velodty at 10 meter intervals alongall trgectories. Several types of compaisonare
discussed induding theinfluence of the presence of potential provokeasonthevelodty of
drivers with therightof way. Theandyses defineakey component of dormal Odriving
behavior throughtheintersections Knowledgeof nomal behavior is essentia to the
detection of abnomal behavior andto thedesign of active safety systems.

» Baserate of scenariosat SS/enS and Jung
* Contextud sengtivity of velodty control

5.2.2. 7 Encroachments observed at Siavenis and Jung

Autoliv and Chadmers built uponthework by VCC to fine-tunethe application of the
PET metric. Encroachment occurs when aprovoker crosses the path of avehicle with the
rightof way. Thefinetuning consders only cases in which the provoke crossesfirst.
Chapter 7 applies this refinement to doaument the base rates of encroachment at SSren$s
and Jung.
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An oppotunity for encroachment exists when two (or more) cars are in theintersection at
the same time, onewith theright of way and onetha could crossits path. Giventhe
opeaationd ddinitionsof encroachment used in the andyses, 8% of traffic scenariosat
SS/en$ provided the oppotunity for encroachment and 15% of potential provoke's took
the oppotunity to provokean encroachment. Encroachment at SSvenSsis not rare.

Theoveral rate of encroachment at Jungis more than twice that at SSrenS. A full 28%
of scenariosat Jung providethe oppotunity for encroachment and 9% of provokeas take
thechance. Encroachment at Jungis far too common.

Theandyses compare the base rates for encroachment across traffic scenariosand
recommend scenariostha deserve specia attention when designing active safety
systems.

 Distribution of encroachment times and distances at SS/enS and Jung
* |dentification of traffic scenarioswith high rates of encroachment

5.2.3. 8 Go/No Go decisions

Chapter 8 introduces anovd approach to undestanding when and where drivers make
thedecisonwhether or notto turn left and to encroach uponan approaching car tha has
therightof way in an unggndized intersection. Theandysis used the data from SS/enSs
and Jungto investigate four different left-turn scenarios- where the car with theright of
way arrives from the opposte direction, from thelateral direction, from theintended
direction (merging), and while making its own left turn. For each scenario, we foundthe
distances between the provoke and the car with the right of way (1) at thetime when we
can assume thedecision to turn (or not) is made and (2) for theresulting encroachments.
Logistic regression identified the distances assodated with the 50/50 acceptance
probabilities for both the decision to turn and its outcome for al four scenariosat both
intersections We expected to find widevariability in these distances. Ingead, we
observed an invariant outcome across thefour left-turn scenarios We arguethd tacit
knowledgeof thisinvariant may drive thedecision of whether or not to turn and encroach
and tha this knowedgeshould be made explicit in the design of in-vehicle active saf ety
systems.

* Predictive modds of thedecision (nat) to encroach for four scenarios

5.3. Results from simulator studies

Thethird section of therepart presents data from the smulator studies at SAAB and IDA.
Thediscussionsfocusonthevariability of driversin a smulator, thar adaptive behavior
in the face of encroachments, and on howthey rate the welcomeness of a hypohetical
alert to observed encroachments.
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5.3.1. 9 Simulations of traffic scenarios at Sivenis and Jung

Chapter 9 describes thefive experiments conduced in themulti-driver smulator at IDA.
In each of the experiments, volunteers droverepeatedly throughreplicas of the SSrenS
or Jungintersections

To ascertain whether encroachment inadents would arise naurally in realistic
smulationsof the SS/enS intersection, Experiments 1 and 2 were designed to create as
natural adriving environment and experience as we could in thelaboratory. We
condructed realitic road circuits with intersections that replicated the SSren$s
intersection and flows of traffic tha appeared naural. Thisrealism prompted fast but
cautiousdriving by our paticipants.

Faced with need to satisfy the project@ god of obgerving encroachment inddents and to
overcome driversOnatural caution, we adopted aradically different approach for
Experiments 3 and 4. These experiments created driving conditionsin which
encroachment inddents were frequent and predictable. Participants drovearoutein
which they had theright of way througheach of the replicas of the SSrenS intersection
where they encouniered another car. More often than not, tha car would turn left across
the participant@® path. Theturnswere timed to generate short PET values.

As expected, participants quickly learned to anticipate the starkly unrealistic benavior of
the provokeas and adgpted thear driving behavior in respong. Thenaure of this
adaptation is the daawe were hoping to find. Armed with the expectation of
encroachment, drivers dowed to alow the provoke to pass before proceeding through
theintersection. Theobsrvationtha drivers modify ther driving to avoid expected
encroachment bodes well for theintrodudion of active safety systems designed to detect
and adert driversto impending encroachments.

Theparadigm for Experiment 5 blended the best elements of the previousexperiments,
Asin Experiments 1 and 2, drivers were ingructed to explore the ssmulated world. They
crossed thereplica of the Jungintersection many times, in all directions and at thar own
pace. Asin Expeaiments3 and4, drivers occasiondly encountered provokess at the
intersection. Unlike the provokeasin the previousexperiments, the presence of provoke's
at Jungwas unpredictable.

Thevelodties of carsin thesmulator experiments were not representative of traffic at
SS/enS. Thevariability in velodty in thesimulator far exceeded that at SS/enSs. Itis
clear that greater experimental control is needed in thistype of experimental setting if
replication were to bethegod.

* Overview of smulator experiments

* Lack of representativeness. noreplication of traffic scenarios highly variable
velodties
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* Veodty control in respong to predictable encroachments

5.3.2. 10 Simulated encroachments at Sivenis and Jung

Chapter 10 discusses the encroachments observed in the five smulator experiments at
IDA. All five were designed to set up oppatunities for encroachment. Thefirst two
doaumented tha few experimental participants opted to provokean encroachment. These
resultsled to theredesign of theexperiments. Theredesign featured cars tha were
intentiondly driven to provokeencroachment. In Experiment 3, thedrivers of the
provoke's were human confederates. The confederates followed a script designed to
create encroachments with known and fixed PET values. Software drovethe provokeas
in Experiments4 and 5. Like the confederates, the software adhered to a script with
assignad PET values. In both experiments, thefrequent and predicable appearance of
provoke's created artificial driving conditions

Inal but thefirst encounter, theobserved PET values were greater than the scripted
values. Thisresult reveastha thedrivers sowed to avoid the encroachments and to
cross theintersectionswell after theprovokes. It took only oneexperience with a
provoke for thedriversto expect encroachments to occur and to compensate by
modifying thar velodty. They adgpted ther driving so tha they defined different
comfort zones for thetwo types of encroachment. The experiments suppot the
condusontha drivers seek to achieve longe PET times when encroached uponfrom
ahead than fromtheside

 Definition of contextud variability in @omfort zonesOfor encroachment
* Recommendaionsfor thresholdsfor alertsto potential encroachment

5.3.3. 11 Driver ratings of simulated encroachment incidents

The experiments discussed in Chapter 11 were runin SAABQ fixed-based driving
simulator with a22C view angle. They presented smulated encroachmentinddentsin a
replica of the SSrenS intersection. In each of the36 trials, a provoke turned left across
the pah of avehicle tha had theright of way asit drove straight throughtheintersection.
After each trial, paticipants rated thewelcomeness of a hypotetical aert (with an
ungecified moddity, intengty, etc.) to theinadent they had jug experienced.

Repeated measures ANOV A revealed tha welcomeness inareased monoonically as PET
decreased. Alertsto provokestha encroached from the side were more welcome than
aertsto provokeastha encroached from directly ahead. Participants welcomed aerts
more when they were in the vehicle with theright of way than when they werein the
provoke.

Thesignificant interaction between driver point of view and encroachment direction may
have implicationsfor the design of active safety systems. Theandysisindicated that an

15



alert was welcomed significantly less when participants were sitting in a provoking
vehicle that turnsin front of a vehicle tha can be seen by looking straight ahead. It
appearstha thedesign of active safety systems may have to accommodae information
abouttherightof way as well as thetype of encroachment.

* Contextud sengtivity of the welcomeness of alertsto encroachment

* Quantification of therelationship 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 andysis of theresponses by paticipantsin the IDA expeiments
to abatery of self-report questionnaresin an attempt to identify factors tha might
influence the acceptance of active safety systems. Thedaa are congstent with the
interpretation tha speeders and drivers who are nat easily distracted may find it exciting
to @ame the systemOby pushing an active safety system to thelimit whereit issues an
alert. Alerts may need to beimplemented in amanner that precludes therr trandormation
into a behaviora reward for thrill-seekers. Thedaaalso suggest tha drivers from
traditiond, fatalistic cultures may find active safety systems supefluousor frivolous It
behooves designas of automotive systems to take into accountther cultural bias and not
to assume tha drivers from other cultures will think as they do.

* |Informationtha may influence theinternaiond marketing of active safety
systems

54. Resultsfromthetest vehicle

Thethree chapters of thefind section of thereport present andyses of data collected
usngthe Autoliv indrumented test vehicle. Theandysesin Chgpters 13 and 14 focuson
an extengve daa set from onedriver, a33 year-old female, at SS/en&. Thedriver
followed a predetermined circuit tha took her throughtheintersection onall six posible
trajectories. Theandysesin Chapter 15indudethe drivestaken by 10 additiond drivers.

5.4.1. 13 Traffic experienced by the test vehicle

Chapter 13 doauments the representativeness of the passes made by thetest vehicle
throughthe SSrenS intersection and describes its oneencroachment inddent. The
repeated drives throughSSven$s afforded an assessment of how well the automated
trajectory extraction system worked. There are two major findings First, thetragectory
extraction system recovered 87% (193 of 222 of the passes throughtheintersection
made by thetest vehicle. The processing appears to have been paticularly chdlenged by
theonecase in which a high percentage of vehicles have to come to a complete stop. The
low recovery rate when thetest vehicle entered theintersection from thenorth on the
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seconday road may reflect difficulties with therecondliation of segments of trgectories
broken when avehicle stops

Thechagpter indudes afirst-hand account of the one encroachment experienced by the
driver of thetest vehicle. Thisinddent was an example of aleft-turn across path form
the opposte direction (LTAP/OD) with an PET vaueof 1 second. The PET valuewould
likely have been shorter had the driver nat been attentive and braked sharply. We view
thisinddent as a paradigm that illudrates the need for the development of active safety
systems.

* Overview of thecase study usng thetest vehicle
* Representativeness of thedrivesin the case study
* Description of theoneexperienced encroachment event

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

Chapter 14 developsamodd of driver behavior when approaching, entering, and exiting
an intersection based upona case study of onedriver at SSrenS. Themodd is atemplate
of how we can expect driversto act in an urban intersection and identifies characteristic
sequences of actionstha definespatia zones. Thethree prindpd paameters used to
definethemodd are the vehicle heading and the driver@ gaze and head movements. The
andysesindicate tha there are more similarities across cases with the same sequence of
road types (e.g. primary to seconday road or seconday to primary road) than there are
similarities across cases with the same driver intent (e.g. turning right).

* Descriptive modd of the contextud dependency of driver actionswhen
approaching, entering, and exiting an intersection

* Templatesfor expected driver actions- base lines for detecting irregular behavior

5.4.3. 15 Intersection release time

Thestudy described in Chepter 15 investigated the gazes and control actionstaken by
multiple drivers when approaching the SS/enS intersection on a single trgjectory with
therightof way. Thestudyintroduces anovd metric - intersection release distance - to
gaugewhether, when, and where a driver assesses the potential for encroachment. The
andysis assumes that drivers search the crossing roadway for information aboutthe
locationsand velodties of other vehicles. Gazes and head rotationsdirected away from
the driver@ lane and toward the crossing roadway are diagnogic of an ongoing search.
Thedistance fromthe center of theintersection where tha search ends- theintersection
release distance - is diagnodic of thejudgmnent that the path throughtheintersectionis
clear. Application of the metric to the data from SSrenSs uncvered characteristic
changesin intersection release distance tha varied as a fundion of traffic scenario.
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* Descriptive modd of the contextud dependency of driver actionswhen searching
for potential provoke's

* Templatesfor expected driver actions- base lines for detecting irregular behavior
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