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Abstract

In this paper we present an approadc to embedding scenariosin ambient trac through the use of on-line
casting, wherein vehiclesare dynamically assignedscenarioroles during simulation. We presernt a model of
a sceneas an abstraction that encapsulatesthe actions of principal role players, the background activity,
and the setting in which it is to take place. We explain how we stage scenesusing trac managersthat
dynamically place and remove vehicles, and directors that assign roles and coordinate the action. We
demonstrate the approach with scenesnvolving crashthreats at intersections.

Resum e

Dans ce documert, nous preserions une methode pour integrer des scenarios dans un trac ambiant,
par l'intermediaire de castingsqui distribuent dynamiquemen les rblesaux vehiculespendart la simulation.
Nous presertons un modele de scene consideree en tant qu'abstraction dans laquelle sort encapsukesles
actions des acteurs principaux, les taches de fond, la mise en scene. Puis nous expliquons commert nous
developpons les scenesen utilisant des gestionnairesde trac pour placer et retirer les vehicules, et des
directeurs pour designerles roles et coordonner les actions. En n nous mettons en oeuvre cette methode
avec desscenescomprenart desactions dangereusesux intersections.



1 Intro duction

For many applications, driving simulators require that speci c scenarioevents take place in a backdrop of
ambient tra c. Using a movie-making metaphor, we canthink of the ambient trac as"extras" in the scene
that are there to provide a senseof plausibility and context. Typically, the experimenter's script involves
periods of free driving to accustomthe driver to the ervironment interspersedwith test everts that occur at
critical junctures. The challengefor scenariomodeling is to stagethese critical events in which actions are
tightly controlled without prematurely alerting the subject to the prescribed activit y.

An important component of the staging processis scenepreparation: making sure that vehiclesare in
position to play the essetial rolesrequired by the scene.It canbe very di cult to producerealistic ambient
trac, with appropriate density and ow, while concurrertly ensuring that there are vehiclesin the right
placesat the right times to produce scenarioevents. It is particularly dicult to choreograph scenarios
embeddedin ambient trac when the assignmen of rolesis xed and predetermined, i.e. when particular
vehiclesare selected,before the start of the simulation, to perform speci c actions at speci ¢ places. Such
strict scripting requiresthat individual vehiclesbe maneuwered, over possibly extended periods of time, to
arrive at the right placesat the right times to take assignedactions. By delaying the assignmen of roles
until run-time, we can selectthe vehiclesmost cornveniertly locatedto play roles shortly beforethe action is
to take place. We call this dynamic assignmet of roles "on-line casting."”

On-line casting simpli es staging by requiring only that appropriate vehiclesbe positioned to take the
essetial rolesof a scenarioinstead of a speci ¢ set of pre-selectedvehicles. Role players can be selectedfrom
the ambient trac. To stage a scenarioevent, we must specify the requiremerts for scenariorole players
and ensurethat the ambient trac will (with high probability) provide opportunities for selecting vehicles
to perform the certral actions.

In this paper we report on our progressin staging scenariosthrough on-line casting. After a brief
summary of related researt, we outline the primary features of Hank, an open researt-oriented driving
simulator we developedto support researd on scenarioand behavior modeling. Next, the ScenarioModeling
sectionpresers our conceptof a sceneasan abstraction that encapsulatesa single situation with identi able
requiremerts for place and background activity (a set), roles (a cast), and action (a script). The next section
describesthe mecanismswe useto implement and executescenesn Hank. It is followed by a section that
illustrates on-line casting through an example scenario consisting of two rural intersection scenes. In the
nal section, we identify plans for future researd.

2 Related work

Seweral simulators provide scripting languagesfor programming driving scenarios. Wol elaar and Van
Winsum[14] deweloped a simple and elegart languagefor programming scripted scenarioscalled the Scenario
Speci cation Language. Sophisticated scripting facilities are also provided in the SCANeR simulator[8].

Generation of ambient, autonomoustrac for driving simulation has beenwidely addressed[1, 12, 13].
Work in the SmartPATH project [5, 6] encompassedoth macroscopictrac managemeim and microscopic-
level vehicle modeling, simulation, and cortrol in order to support evaluation of Intelligent Vehicle Highway
Systems(IVHS).

On-line direction of behaviors by scenario managersis used in the lowa Driving Simulation[11]. Re-
nault Researt Center's TRaCs project [10] has directable vehiclesthat respond to commandsto follow an
itinerary and to low-level directivesto modify basic driving behavior. Scenariocortrol is supported both
programmatically and interactively through instructor input at control stations.

Scenariomanagemet is also an important componert of researdt in interactive drama, storytelling, and
computer gaming. Researt in improvisational behavior and on-line character direction[2, 7, 9] is especially
relevant to our work.

2.1 Hank, the Simulator

In order to provide an openand exible software systemthat enableswider participation in driving simula-
tion researt and fosters collaboration amonggroupsworking on di erent aspectsof driving simulation, The



Figure 1: An image produced by the Hank simulator from the scenariodescribed later in the paper.

University of lowa Computer ScienceDepartment, with support and collaboration from Ford Motor Com-
pany, IRISA, the University of Rennes,the University of Valencia, and Renault Researt), has developed the
Hank driving simulator.

Hank providesthe essetial elemers for experimentation in real-time driving simulation. Hank includes
database modeling of complex scenesinvolving detailed terrain and cultural features, vehicles, bicyclists,
pedestrians, and other objects. (After all, there's more to life than cars.) It provides high-quality visual
display on Silicon Graphics and Evans & Sutherland platforms, as well as simpler two-dimensional visuals
for debuggingand testing on lower-endworkstations. Hank hasfacilities for modeling the dynamics of scene
ertities, and a powerful and exible mecanism for modeling higher level reactive and intentional behaviors
through Hierarchical Concurrent State Machines (HCSM)[3].

A primary goal of the Hank project is to develop a driving simulation platform capable of supporting
experimental researd in scenarioand behavior modeling. We believe scenariomodeling will be the focus
of growing attention as real-time driving simulation and other virtual ernvironment applications (military ,
entertainment, etc.) expand.

HCSM is particularly well-suited for experimentation with novel approachesto scenariocortrol. HCSM
state machinesinclude control panelsthrough which entities can receive asynchronous communication giving
directions that guide their behaviors. The result is an expansionof the reactive behavior modeling provided
by traditional automata to a more exible notion of directable behavior modeling. Director HCSMs can
manageand coordinate behaviors of sceneertities by sendingmessageso HCSMs assaiated with individ-
ual ertities. Furthermore, director HCSMs can choreograph higher-level scenarioactivity by directing the
activities of other director HCSMs.

Figure 1 shaws an image producedby Hank from the scenariodescribed later in the paper. More informa-
tion about Hank can be found on the Hank World Wide Web homepage:http://www.cs.uio wa.edu/ hank.

3 Scenario Mo deling

Adapting theatrical terminology, we break a multipart scenariointo a sequenceof scenes.A scenerepresens
a coherent set of actions aimed to satisfy a single purpose. The decomposition of a scenariointo more
elemerary scenesis important in promoting reuse of scenariocode. Our goal is to encapsulatescenesso
that they can be rearrangedand combined in di erent ways to build complex scenarios.We intend to create
a library of parameterized scenesfrom which an experimenter could composea scenarioappropriate to her
needs.



We rst explain what a sceneis and how we specify it. In the next section, we explain how we currently
implement scenes.A goal of our ongoing work is to automatically generate code implementing scenesand
scenariosfrom speci cations.

3.1 Scene Speci cation

The scenespeci cation describes who is to be presen, what is to happen, and when it will happen in a
scene. The speci cation includes a description of the areain which the sceneis to take place, the route the
subject is expected to take, and a timeline of sceneevernts. We divide the speci cation into three parts: the
set, the cast of principal actors, and the script of actions:

Set: A set describesthe context for a scene. It speci es the physical surroundings in which the scenewiill
take place. In addition, the set de nes the dynamic milieu in which the scenewill unfold. It speci es
the number, arrangemen, and kinds of actors that will be present in the scene(i.e. the type and
distribution of trac, pedestrians,bicycles,trac lights, etc.). Many of theseactors will play largely
undistinguished roles as extras providing a badground of ambient activity. The principal actors will
be opportunistically selectedfrom this chorus of extras at run-time. Lastly, the setting identi es marks
in the set-namedlocations where actors must be positioned or where events will take place at critical
points in the action.

Cast: The cast identies the principal actors in the scene. Roles are described by characteristics and
capabilities the role actors must have. For example, a scenemight require a truck to take the role of
encroading into the subject's lane. Actors will be castinto theseroles at run-time from the extras.

Script:  The script provides a detailed description of the actions to be performed and the relationships
betweenactors' behaviors. At presen, actions are strictly ordered. However, we are investigating the
useof partial ordersand nonlinear scenesn which subject responsesin uence the choice of subsequen
actions. Dependencieson subject behavior are identi ed in the script. This includes synchronization
of events sudh asthe timing of trac lights and the initiation of actions. The script may also specify
compliancesbetweenactor behavior and subject performance. For example,the script may require that
for someperiod of time a simulated vehicle precedesthe subject vehicle with a specied separation
distance. The script may also include conditions to be met in the scenariosuch as the absenceof
vehiclesin an area around the subject at a particular momert in the scene.

Script speci cations identify actors from the cast to perform actions using the marks in the setto place
the actions. It is very helpful to have sketchesshawing snapshotsfrom a typical instance of the scene,much
as storyboarding is usedin the Im industry.

There is explicit and implicit interplay betweenthe set, cast, and script. There are explicit requiremerts
that the actors in the script be members of the cast and have the capabilities to perform the actions asked
of them, and that the marks appear in the set. It is reasonablysimple to test whether or not these explicit
requiremerts are met in an implementation. The script also placesmore subtle implicit constraints on the
setto provide ample opportunities to perform on-line casting. That is, the chorus of extras must, with high
probability, include actors at the right placesat the right times to take the principal roles.

Sometimesthe requiremerts for a role are sospeci ¢ that it is most e ectiv e to pre-selecta speci c actor
to play the part. For example, considera scenein which a single car located on the shoulder of the road is
to pull out in front of the driver. Where there is no advantage to delaying the binding betweenactor and
part, we permit scenespeci cations to identify cast members with pre-assignedroles.

4 Scenario Implemen tation and Execution

We implement scenesin the simulator by strategically placing semi-autonomousactors in the environment
and directing their behaviors, on-line, to perform the actions demandedby the script, contingent on the
behavior of the subject. Our stable of actors includes vehicles,pedestrians,bicyclists, and tra c lights [4].

We've found it very usefulto divide the task of scenecreation into two sub-tasks: stagemanagemen and
directing. Stage managemen is the task of placing and removing actors from the set. Direction includes
both on-line casting and the ne coordination of actors to accomplishactions laid out in the script.



4.1 Stage Managemen t

Stage managersare responsible for creating instancesof actors, placing them in the set, and taking them o
the set. This is accomplishedby placing actor sources(producersof objects) and actor sinks (consumersof
objects) at strategic locations on the set, out of view of the subject. It is important to delete objects that
are no longerinvolvedin the sceneto avoid the cost of simulating their behaviors and to prevernt unnecessary
clutter that may interfere with future scenes.

Sourcesproduce actors at appropriate locations in the set. They must avoid creating objects that occupy
the samephysical space. Sourcescan be tailored to produce actors at xed or variable intervals, to create
homogeneouor heterogeneougypesselectedrandomly or in xed sequenceand to place actors at speci c
locations or at conditionally determined places. For example, a sourcecould be asked to produce a random
distribution of trucks, buses,and passengervehiclesat a location 500 meters in front of the subject. The
timing, location, and production method can also be conditioned on the situation.

Similarly, sinks can be conditionally situated, conditionally enabled, and can be tailored to consume
actors with only certain properties. Sourcescan be used to thin the population of actors by consuming
actors in proportion to obsened densities.

4.2 Directing

Directors take responsibility for casting actors into the principal roles of a sceneand guiding their actions
according to the script. As a sceneprogressesthe director must look for "extras" with the characteristics
and capabilities required by rolesthat have yet to be cast. For on-line casting to be successfulthe set must
be crafted to createrich opportunities for casting of un lled roles. Stagemanagerstypically accomplishthis
by producing contin uous streams of new vehiclesheadingto the sites of actions.

The secondrole of the director is to orchestrate the actions of the principal actors as dictated by the
script. We program actor behaviors with directability in mind. Each type of actor (vehicle, pedestrian,
bicyclist, and trac light) respondsto external directivesthat in uence its behavior. Our goal is to make
actorsthat are highly versatile sothat they can Il many di erent roles. Consequetly, the director neednot
look for actors with specializedtalents; any actor of the right type in the right placeis able perform a role.

Directors monitor the progressof the sceneand senddirectivesto actors assignedprincipal roles. To give
a senseof theseinteractions we describe directivesacceptedby tra c lights and vehicles.

421 Trac Light Directiv es

Experimerts frequertly call for trac lights to be synchronized with the actions of a scene.For instance, we
might want a light to turn red just asa driver enters an intersection. It is important that the subject perceive
the trac light to be operating normally - the timing of state changesshould appear to be happenstance.
To coordinate the light cycle with the motion of the driver's vehicle, our trac light model responds to
a directive to be at a speci ¢ point in its cycle at a future target time. The trac light cycle is represened
on a normalized clock. That is, state transition times are expressedas fractions of the total green-yellow-red
cycleduration. A light synchronization directiv e consistsof a normalized cycletime and a target event time.
For example, the light could be directed to be halfway through its greenphaseat the time the subject vehicle
is expectedto arrive at the intersection extrapolating from its current position and speed. The trac light
will adjust the cycle duration, uniformly compressingor expanding intervals betweenthe current time and
the target time, sothat the light will be at the appropriate point in its cycle at the target time. This process
maintains the normal progressionof states and makesthe smallest possible changeto the normal cycle.

4.2.2 Vehicle Directiv es

Vehiclesare programmed using the hierarchical concurrert state machines of HCSM. They have the ability
to autonomously drive along roads, to navigate through intersections, to follow leading vehicles,to change
lanes, and to passother vehicles. Vehiclesobsene posted speed limits and obey trac control devices. A
detailed description of our vehicle behavior modelsis given in [4]

At preser, vehicle modelsinclude interfacesfor v e directives:



AdjustSp eed: This directive in uences the vehicle's proclivity to follow the posted speed limit. Positive
settings tend to increasenormal driving speedsand negative settings tend to decreasenormal driving
speeds.

IgnoreLigh t: This directive instructs the state machine to disregardtrac lights.
Halt: This directive tells the vehicleto rapidly decelerate. Repeatedrequestswill causethe vehicleto stop.
Change-Lane: This directive tells the vehicleto changelanes.

Turn: This directive in uences the vehicle's disposition to turn at the next intersection. On multi-lane
roads, the directive must indicate both the direction of the turn and the destination lane.

4.2.3 Design Issues: Persistence, Comp etence, and Conict

An important issuein the designof directable behaviors is the length of time that directiveshold sway over
actors. Many directivescausea singleimmediate changein the behavior of an actor in uencing performance
modes, set points, or decisionvariables. For example a director might instruct a vehicleto changelanesor
change preferred driving speed. Sometimesit is important to maintain this state for a period of time. For
example, we may want to keepa car in a certain lane for a period of time in preparation for an evert. We
are experimenting with a variety of ways to in uence the persistenceof behaviors. Sometimesthe directors
enforce persistenceby repeatedly sending a directive to the actor. Some directives include persistence
parametersthat tell the actor to obsene the directive for a period of time.

Somesituations require that actors couple their behaviors to the subject's vehicle for a period of time.
For example, we may wish to have a vehicle traveling in front of the subject's vehicle with someseparation
interval. Sudh compliant motions could be accomplishedby building the behavior into the vehicle and
providing a directiveto initiate the behavior. Alternativ ely, a director could maneuver a vehicleinto position
and maintain the desiredseparationthrough a sequenceof directivesto changelane, speedup, or slow down.
We are investigating the tradeo s in placing competencein the director versusin the actor.

Lastly, we often nd it conveniert to have multiple directors operating simultaneously, ead responsible
for someaspect of a scene.This createsthe possibility that directors will compete for the control of actors. At
preser, actors respond to the most recertly received directive. This requires careful planning of concurrent
directors to avoid conicts. We are investigating methods to help anticipate and avoid these con icts.

5 An Example Scenario

In this section, we presert two examplescenes.The scenesvere developed independertly and then combined
to form a scenariowith the two scenesn succession.

5.1 The Run-Red-Ligh t Scene

The Run-Red-Light SceneThe rst sceneis illustrated in Figure 2. It involvesa subject's responseto a
vehicledriving through ared light into the path of the oncoming subject vehicle. The scenetakesplaceon a
rural two-laneroad at an intersection with another road. The intersection is controlled by a four-way tra c
light. Ambient trac isto be presen on the crossingroad traveling in both directions.

The scenecallsfor the light to be halfway through its greencyclewhenthe subject reachesthe intersection.
As the subject approadesthe intersection, the rst vehicle stopped at the light on the road to the subject's
left will quickly accelerateand crossthe intersectionin violation of the red light.

A scenedirector is responsible for synchronizing the sequencingof the tra ¢ light to the approac of the
subject. The director estimatesthe time at which the subject will arrive at the intersection and directs the
trac light to be halfway through its greencycle at that time.

Lastly, the scenedirector monitors the distance betweenthe subject vehicleand the upcomingintersection.
As the subject approachesthe intersection, the rst vehicle on the crossingroad is selectedto perform the
violation. At a momert near the time when the subject vehicle reachesthe intersection, the violator is sern
a directive to ignore the trac light and quickly accelerateinto the intersection.
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Fig 2. Run-Red-Light Scene
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Fig 3. Divided Attention Scene

5.2 The Divided Atten tion Scene

The secondscene,illustrated in Figure 3, has two principal roles. As in the rst scene,the secondscene
takesplace at an intersection on a two-lane highway cortrolled by a four-way trac light. Ambient trac
is to appear in the oncoming lane and in both lanesof the crossingroad. The light facing the subject is to
be greenas the subject approachesthe intersection. The rst role is to be played by a vehicle approacing
the opposite side of the intersection in the oncominglane. This vehicleis to reach the intersection shortly
beforethe subject and posea collision threat by abruptly turning in front of the subject.

The secondrole is to be played by a vehicle stopped at the red light on the crossingroad to the left of the
subject. This purposeof this role is to distract the subject by preseriing a potential threat to violate the
light, as happenedin the rst scene.The role is accenuated by having the vehicle lurch forward, feinting
ertry into the intersection, just beforethe rst vehicleturns in front of the driver.

As before, the scenedirector is responsible for syncironizing the sequencingof the trac light to the
approach of the subject vehicle. As the subject approacesthe intersection, the scenedirector selectsan
appropriate vehiclefrom the stream of vehiclesapproading the side of the intersection opposite the subject.
The selectedcar is dynamically cast into the \sudden left turn" role. The director choosesthe vehicle that
is projected to arrive at the intersection just before the subject.

Concurrertly, the scenedirector caststhe head of the queue of vehiclesstopped for the red light to the
subject's left. As the subject driver nearsthe intersection, the director tells the head vehicle to suddenly
lurch forward a bit, asif it were about to violate the red light.



6 Discussion

In this paper, we preserted an approac to embedding scenariosin ambient tra ¢ through the useof on-line

casting. We presert a model of a sceneas an abstract unit of a scenarioand explain how we create scenes
usingtrac managersto placeand remove dynamic objects, and directors to assignrolesand coordinate the

action. Additional researt in scenariogenerationis neededin a wide variety of areasincluding the design
of directable behaviors, directing methodologies,automatic synthesis of scenecode from speci cations, and

techniquesto combine large numbers of sceneswhile maintaining consistencyand cortinuity.

Software and Further Information

The HCSM software that constitutes the core of scenariomodeling in Hank is available on the Hank World
Wide Web homepageat URL: http://www.cs.ui  owa.e du/~hank. We expect to releaseadditional compo-
nents of the Hank systemin late 1997.
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