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Introduction

* Typical autonomous vehicle system:
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Introduction

* Typical autonomous vehicle system:
* Perception
* Planning
« Control

 But lack of context awareness:
« Example: the vehicle has a fragile passenger or load
* The vehicle speed needs to be adapted

 Two problems:
e How to model this information?
e How to consideritin?
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Introduction

e« Qur Idea:

* Using ontologies &) -
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stangarfield.medium.com

* Method:

 Modeling the context with ontologies
« Considering the context model in the navigation modules
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Context Modeling with Ontologies

* Ontology:

« semantic data model of concepts and relations between them

Description
language

<
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Adapted from:

Patron, Pedro & Miguelafez, Emilio & Petillot, Yvan. (2011).
Embedded Knowledge and Autonomous Planning: The Path
Towards Permanent Presence of Underwater Networks.
10.5772/24649.




Context Modeling with Ontologies

« Our model
 Models the context of navigation

* Extension of the previous model from F. Farrufini et al '
e More contextual elements
e Models Local and Global context

\_v_l H_}
control mission planning
4 Local Context A 4 Global Context A
Vehicle Localization
Passengers Itinerary
Road
/L j

1. F. Faruffini, H. Pousseur, A. Corréa Victorino, and M.-H. Abel, “Context Modelling applied to the Intelligent Vehicle Navigation,” in 47th Annual Conference of the IEEE Industrial Electronics Society (IECON 2021). Toronto,
Canada: IEEE, Oct. 2021, pp.1-6
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Context Modeling with Ontologies

e QUr context
of navigation:

O0S

KY TO 2022

V- B owl:topDataProperty
B hasAge
B hasBatteryLevel
B hasCityRoad SpeedPreference

B hasCountrysideRoad SpeedPreference

V.

owl:topObjectProperty
. hasBattery

M hasCoordinates

B hasCorridor

B hasDestination

. hasDimension

B hasDriver

B hasDriving StylePreference
. hasintersection

B haslintersection1

W hasintersection2
B hasltinerary

B hasLoad

B hasObstacle

B hasPassenger

B hasPassengerState
B hasTank

W hasWeather

B isitineraryOf

B isOnRoadPart

& battery

& driver

& driverDriving StylePreference

& driverstate

& egovehicle

& egovehicleCoordinates

& egovehicleDimensions

& Load1

& Load2

& passenger1

& passenger1Driving StylePreference
& passenger2

& passenger2Driving StylePreference
& passsenger1 State

& passsenger2State

& tank

Vot g == hasCurrentTime
v Context_uaIElement B hasD
g::':‘:;"'epre'em"ce = hasEstimatedArrivalTime
Load = hasEut_:lidianDistance
PassengerState = hanglaht
- Person = nasH’gh\_/vgySpeedPreterence
v Passenger -hasHpmldnyLevel )
Driver B hasltinerary SuggestionMark
Pedestrian *hasLat
- Place B hasLength
v- (1 DestinationPlace = hasLoadWeight
¥ { Charging Station E=hasLon
ElectricCharging Station W hasMaxSpeed
FuelCharging Station W= hasNodelD
v RoadPlace B hasNroads
v Obstacle B hasObstacle SpeedPreference
SpeedBumpObstacle EmhasRa
StoppedVehicle = hasRealDistance
RoadPart B= hasRlanes
Corridor B hasRoadCondition
Intersection = hasRoadType
v Vehicle = hasRway
EgoVehicle i hasSnow
v VehiclePart B has Speed
Battery B has SpeedLimit
v Tank B hasSuggestedJerk
ElectricTank B hasSuggestedSpeed
FuelTank B hasSun
Weather EW hasTankLevel
b DataClass B hasTheta
Coordinates B hasVehicleWeight
Dimensions I hasVmax
v ReasonerOutput B hasWidth
AccelerationSuggestion B isCrossable
Itinerary Suggestion B isFragileLoad
JerkSuggestion B isinjured
SpeedSu(ﬂestion Bl isPregnant
Classes Data properties

Object properties

Individuals




Using the Context

« Standard approach:

perception control input u
» Controller >

« Context-aware approach:

control ( )
perception input u [ Methodology ]
» Controller >
1. Use the reasonerto
provide suggestions

c ‘ drivi 2. Use the suggestion in

|| Gontext nving optimization function
handler suggestions . )
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Using the Context

1. Providing suggestions:

 Reasoner (Pellet) uses SWRL rules to infer new information

 We define rules that impacts the suggestions of control inputs:

* speed

. jerk Example rule:

- acceleration EgoVehicle(rv) A

. itenerary SpeedSuggestion(?sg) A

hasPassenger(?v, 7p) A
hasDrivingStylePreference(?p, 7dsp) A
hasRoadType(?rp, ’CityRoad”) A
hasCityRoadSpeedPreference(?sp) A
isOnRoadPart(?v, 7rp)

— hasSuggestedSpeed(?sg, 7sp)
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Using the Context

2. Considering the suggestions in the navigation task:
« Optimization problem for control or planning:
Uop; = arg max[f ()]
« Adding function to represent the contextual suggestions:.

Uype = arg ml?x[a f(w)+ (1 —a) - c(u)]
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Using the Context

« Separate context functions to consider each control input:

(Uq ] Usug,17 n
Uy Usyg,2
u=. Ugyg = : c(u) = Wi - (i (ui:usug,i)
i=0
Un | Usugn_
 Partial context functions:
. S
—(Ui—Usuyg,i) if U = usug,i S
. . N\ — < 1 + e & ~
Cl(uuusug,L) — 1 1 S
—+ — (U, Ueyo ; otherwise o]
\2 A ( [ sug,l)

Ui — Ugyg,i
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Tests and Results

* |Image and Context-based Dynamic Window Approach
(ICDWA)

 visual servoing controller with context awareness
« example of our methodology

* Front-wheel car model (Ackerman’s approximation):

L]
é=(1/l)_0v+0a)
L]
1. F. Faruffini, H. Pousseur, A. Corréa Victorino, and M.-H. Abel, “Context Modelling applied to the Intelligent Vehicle Navigation,” in 47th Annual Conference of the IEEE Industrial Electronics Society (IECON 2021). Toronto,

Canada: IEEE, Oct. 2021, pp.1-6
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Tests and Results

« Control input:
* [iInear and angular velocities

-1

* Optimization function:
« adapted DWA computed with image features
« with additional function c(u) for context awareness

f(u) = a - heading(u) + S - dist(u) + y - velocity(u) + 6 - c(u)
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Tests and Results

» Test scenario:
* Vehicle driving on a city with obstacle in front of it

* The passenger has the following speed preferences:
« 110 km/h on highways
« 70 km/h on countryside roads
« 40 km/h on cities
« 5km/h when crossing an obstacle
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Tests and Results

e Results on SCANeR Studio:
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 Need to tune properly coefficient § = 1 — a for appropriate
context consideration
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Conclusion

« Context-aware navigation: Context of
Navigation

\ ) \ )
Y Y

ontologies context functions

» Further considerations:
* reasoning and real-time
* parameter tuning
« other implementations (planning)
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Thank you for your attention!

IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS 2022)
13th Workshop on Planning, Perception, Navigation for Intelligent Vehicle (PPNIV 2022)



