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Introduction & Motivation

The specific applicationcontextdriving our researchs autonomous
vehiclesoperating safelyin mixed-traffic urban environments

Such a car will be in a world where it interactswith other cars,
humans, other external effects, and internal and external software
modules Thisis a prototypical CPSwith whichwe haveconsiderable
experienceover many years, including participation in the recent
DARPA UrbanChallenge

Evenin the latter case though,operationto datehasbeenrestrictedto
relatively 3 F O H&n@ronments(such as multi-lane highways and
simplerintersectionwith afew othervehicles)

Theoreticaladvancesand new models are evaluatedboth by large
scale simulations,and by implementationon laboratoryrobots and
roadworthy vehiclesdrivenin realworld situations
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Collaborative Driving

2011GCDC

Investigation on collaborative driving,
specifically in convoy type applications,has
continued Hybrid system models of the
scenariosin the Grand CooperativeDriving
Challenge (GCDC), were developed and
simulated We supportedieamMEKAR from
Turkey in a Consortiumthat involved ITU
and OkanUniversity in the GCDC organized
by TNO in the Netherlandsn May 2011

Networked sensingfor collaborating mobile platforms

We have startedinvestigatingan (urban or highway) densetraffic

configurationwhere an autonomousrehicle collaborateswith only a

smallsetof communicating/ehicles providinginformationon sensing
of their surroundings Thus, a dynamic map of the surroundingss

constructed

Computational Aspects

Realtime Computations for Autonomous Vehicles
iFeature extraction, clustering
iMapping, localization, and transformations
iRoute planning
iDynamic Systems Computations

- Kalman and other filters

- Linear and nonlinear control realizations

iDecision Systems, and Hybrid State System (HSS) Computations

Worst-Case Execution Time (WCET) Analysis

For hard realtime computations such as releasing the airbag,
processingsensornnformation, etc, it is essentiato know the WCET
of tasksbeforeschedulinghem Most of the previouswork on WCET
focusegrimarily on cachesvhereasurrentprocessoradoptcomplex
features like multi-level caches,out-of-order execution, pipelines,
speculationand multiple coresto improve performanceOur ongoing
work focuseson establishinga mathematicamodelthatincludesthese
featuredor theanalysisof WCET for stateof-the-art processors

Fully Parallelized Particle Filters

An autonomous/ehicle needssignal processingechniquedo detect
from sensordatavarious eventsor time-varying signalssuch as the
location of moving objectsaroundit. If it is collaboratingwith other
vehicles, it will also use data supplied by the other vehicles for
evaluatingits surroundings We are using particle filters for such
estimationproblems A particle filter consistsof three steps particle
generation (sampling), computation of particle weights, and
resampling The resampling step is sequentialfor most existing
algorithms and limits speedup We have designednovel parallel
resampling algorithms and are implementing them on existing
multicoreplatformssuchasgraphicprocessinginits (GPUS)

Estimation and Tracking In
Complex, Mobile Environments
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Driver Intent Modeling ys —_svprosch
Finite State machines with

probabilistic transitions were

developed for driver intent
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Behavior Estimation with Hidden
Markov Models
A Hidden Markov Model approach

was also developed for four tasks of
avehiclenearan intersectionstopping,turningleft, turningright, and

continuingstraight Resultsfrom limited datashowsignificantpromise

for the HMM basedapproachThe numberof maneuveranddatasets
will be expandedafter further data collection using an instrumented

testvehicle

Left Turn Sequence

Rule Based State Estimation
HMM Based State Estimation

Estimated Rule State
Estimated HMM State

Rule-based vs. HMWbased
Estimation for Left Turn Maneuvers
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Simulator & Test Environments

finvestigate uses for Vehicle to Vehicle (V2V) and Vehicle to
Infrastructureg(V2l) for improvingtraffic flow

TEnabletestingand verification of control softwarewith simulation,
mixedsimulationandlaboratoryrobots,andfinally realvehicles

tDevelop algorithms for pathplanning, road finding, and vehicle
cooperationn a controlledlaboratorysettingbeforetestingoutdoors

Indoor Testbed
iMultiple robotswith mixedsensingcapabilities
lintegratedhardwareandvirtual robotsandsensors

Convoying Demonstration

Automotive Testbed
iMultiple DSRC networkedvehicleswith varioussensingandcontrol
capabilities

Topological Consistencyfor Development
iSimulation: Lab Testing: Full Testing
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Verification of Smooth & Close
Collision -Free Driving

Modern adaptivecruise control technologiesare designedo improve
the comfort or safetyof the driver however,no safetyguaranteesre
assertedby thesedesigns Furthermoreexistingtheoreticawork in the
safetyverification of adaptivecruise control algorithmsrequire both
discretebrakingmodesandoverly conservativeseparatiordistanceso
makesuchsafetyguaranteeslhus,existingwork in safetyverification
both risks reducingdriver comfort while also eliminating any of the
performancegainstypically associatedvith automatechighways We
havepreliminarywork that extendsverification of automatecdighway
systemgo mitigateboth of theseproblems

Capitalizing on our group's experiencewith optimal control and

verification of softwaresystemswe havedevelopedsafetyconditions
for adaptivecruisecontrolalgorithmsthatdo not requirediscontinuous
brakingandalsoallow for substantiallyiower following distanceghan

existingwork in theverificationof autonomou$ighwaysystems
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