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Motivation of the workMotivation of the work

To extend the limits of the sensorial horizon of the To extend the limits of the sensorial horizon of the 
single agentsingle agent

•• The first step: to use The first step: to use omnidirectionalomnidirectional visionvision
•• TThe large field of view of omnidirectional vision systems that ishe large field of view of omnidirectional vision systems that is

not enough in highly dynamic environmentsnot enough in highly dynamic environments
•• Omnidirectional vision cannot see occluded objects or very Omnidirectional vision cannot see occluded objects or very 

distant objectsdistant objects
So:So:
•• We want to realise a distributed vision system robust to failureWe want to realise a distributed vision system robust to failure

of the single robots of the single robots 
•• RICHIAMARE IN ALTRE SLIDES E IN CONCLUSIONIRICHIAMARE IN ALTRE SLIDES E IN CONCLUSIONI
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RelatedRelated WorksWorks

•• StroupeStroupe etet al.al.
•• PerspectivePerspective camerascameras
•• MeasurementsMeasurements mademade at the at the samesame instantinstant in timein time
•• No No trackingtracking, just , just recognitionrecognition

•• Gutmann et al.Gutmann et al.
•• Perspective camerasPerspective cameras
•• Laser Laser RangeRange FindersFinders
•• ExternalExternal GlobalGlobal SensorSensor IntegratorIntegrator
•• AgentAgentusesuses externalexternal informationinformation onlyonly forfor unseenunseen objectsobjects
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Omnidirectional Distributed Vision Omnidirectional Distributed Vision 
System (ODVS)System (ODVS)

•• EveryEvery robot shares robot shares itsits measuresmeasures
•• EveryEvery robot robot fusesfuses receivedreceived measuresmeasures
•• Robot Robot syncronisedsyncronised withwith NTPNTP
•• Robot localised only Robot localised only withwith omnidirectional visionomnidirectional vision
•• Works with different Vision Works with different Vision sensorssensors::

•• different accuracies, different accuracies, 
•• differentdifferent frameframe ratesrates, , 

Single Single SensorSensor

PerceptionPerception ModuleModule
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Single Single MeasuresMeasures

•• A 2D A 2D GaussianGaussian isis associatedassociated toto everyevery
measuremeasure

•• The The GaussianGaussian representsrepresents the the 
probabilityprobability thatthat the the objectobject isis actuallyactually
locatedlocated at at thatthat pointpoint

•• GaussianGaussian widthswidths are are determineddetermined
experimentallyexperimentally forfor everyevery single robotsingle robot

•• MeasureMeasure isis transformedtransformed in the in the 
absoluteabsolute frameframe of the of the fieldfield

•• A time A time stampstamp isis associatedassociated at at everyevery
measuremeasure
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FusingFusing Multiple Multiple ObservationsObservations

•• MeasuresMeasures come come fromfrom::
•• the vision system of the single robot the vision system of the single robot 

•• the vision system of the the vision system of the teammatesteammates

•• TheyThey are are processedprocessed in the in the samesame way:way:
•• TheyThey are are storedstored in ‘in ‘trackstracks ’’
•• They are fused with a Kalman filter by They are fused with a Kalman filter by combiningcombining the the twotwo GaussiansGaussians

•• MultiMulti--modalmodal distributiondistribution allowedallowed

3dplot combinazione di 3dplot combinazione di 
gaussianegaussiane
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TracksTracks managementmanagement

•• WhenWhen a track a track isis notnot updatedupdated the the associatedassociated variancevariance increaseincrease
•• Over Over certaincertain thresholdthreshold track track deleteddeleted

•• RealReal position position assumedassumed toto bebe the one of the one of smallestsmallest variancevariance
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ExperimentExperiment (1)(1)

Ball moving between steady robotsBall moving between steady robots
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Measures from Measures from DifferentDifferent RobotsRobots

Problems:Problems:
1.1. sharing the same sharing the same spatialspatial frame of referenceframe of reference
2.2. sharing the same sharing the same temporaltemporal frame of referenceframe of reference
3.3. Trusting Trusting teammatesteammates
4.4. Managing ‘Managing ‘oldold’ measurements’ measurements
Adopted solutions:Adopted solutions:
1.1. Robust selfRobust self--localisationlocalisation
2.2. Internal clock Internal clock syncronisedsyncronised via Network Time via Network Time 

Protocol (NTP)Protocol (NTP)
3.3. Variance of measures from Variance of measures from teammatesteammates are doubledare doubled
4.4. The state of the object is recalculatedThe state of the object is recalculated
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Old Old MeasurementsMeasurements

nn Old measurements cannot be thrown awayOld measurements cannot be thrown away
E.g. Very slow vision system reporting very accurate E.g. Very slow vision system reporting very accurate 

measurementsmeasurements

Image processing time
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Experiment (2)Experiment (2)

Ball moving between steady robots Ball moving between steady robots 

Experiment (3)Experiment (3)

Moving ball and Moving ball and ‘blind robot’‘blind robot’
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ConclusionsConclusions

nn We implemented an Omnidirectional Distributed Vision SystemWe implemented an Omnidirectional Distributed Vision System

nn The system is robust to failure of the single robotsThe system is robust to failure of the single robots

nn The system exploits:The system exploits:

–– the the heterogenityheterogenity of the sensorsof the sensors

–– The redundancy of the observationsThe redundancy of the observations

nn We presented experiments in real game scenariosWe presented experiments in real game scenarios

nn The measure fusion system is very general and can accept any The measure fusion system is very general and can accept any 
measure represented as a Gaussian distribution:measure represented as a Gaussian distribution:

–– At the moment we are working with a system that is fusing At the moment we are working with a system that is fusing 
omnidirectionalomnidirectional vision data with acoustic data from a vision data with acoustic data from a microphonicmicrophonic
array sensorarray sensor
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