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Vib ti M dVib ti M dVibration ModeVibration Mode



Affordances of TouchAffordances of TouchAffordances of TouchAffordances of Touch
‘tap on the shoulder’

 Temporal and spacial discrimination
 Capturing attention Capturing attention
 Large area (2m2)

U d tili d Underutilized
 Proximal
 Bidirectional
 Private Private

Geldard 1957



T til Di l H ti Di lT til Di l H ti Di lTactile Display  or Haptic DisplayTactile Display  or Haptic Display

Tactile CuesTactile CuesTactile CuesTactile Cues Kinesthetic CuesKinesthetic CuesKinesthetic CuesKinesthetic Cues

position, weight, movementp g

Haptic DisplayHaptic DisplayHaptic DisplayHaptic DisplayHaptic DisplayHaptic DisplayHaptic DisplayHaptic Display

augmented interactive touch 



Sensory SubstitutionSensory SubstitutionSensory SubstitutionSensory Substitution



Augmented Virtual RealityAugmented Virtual RealityAugmented Virtual RealityAugmented Virtual Reality



Spacial orientationSpacial orientationSpacial orientationSpacial orientation



C i ti / M iC i ti / M iCommunication/ MessagingCommunication/ Messaging

 Tactons (tactile icons) Brewster 2004

 Easy to learn 
 Have meaning or emotional content Have meaning or emotional content
 Universal and intuitive

Pasquero 2006 



Wh t d i th i ?Wh t d i th i ?What can we do in anesthesia?What can we do in anesthesia?

 Interrupt (alert)

 Non visual/ auditory communication

 Multimodal augmentation

 Attention management Attention management



PP tt ti ftt ti fPrePre--attentive referenceattentive reference

Interruptive cueing (Sarter 2005)



Th T h R tTh T h R tThe Touch ReceptorsThe Touch Receptors

Meissner corpuscles
•pressure change

h•rough texture
•vibrotactile patterns
•slip detection

Merkel disks
•finest details

Ruffini endingsg
• warmth
• direction of stretch

Pacinian corpuscles
•Vibration (250Hz)



T til S tiT til S tiTactile SensationsTactile Sensations

 Location
 Duration

 Pressure 
 mechanical deformation Duration

 Frequency
A lit d

 mechanical deformation

 Vibration 
 roughness or texture Amplitude  roughness or texture

 Temperature 
 hot or cold

 Pain



What works?What works?What works?What works?
 Frequency and amplitude interfere
 Ideal frequency 250Hz
 Two point discrimination – location dependant
 Duration 700msec
 Rhythm has high Information Transfer (IT)

Barralon 2009, Ng 2008
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Forearm PrototypeForearm Prototypeypyp
•6 possible patterns (Ng 2006).

Decreasing 
heart rate

1

2
Increasing g
heart rate



ArmbandArmband vsvs Vest DisplayVest DisplayArmband Armband vsvs Vest DisplayVest Display





T til B lt (V til ti )T til B lt (V til ti )Tactile Belt (Ventilation)Tactile Belt (Ventilation)

R – Airway pressure
L – Minute Ventilation

Ant – Increase
Post - DecreasePost Decrease



Testing of tactile belt in HPSTesting of tactile belt in HPSgg

Ford, S et al Anesthesia and Analgesia (2008).



C t D l tC t D l tConcept DevelopmentConcept Development
 Develop a concept that could achieve 

the Design Requirements 



M kM kMockMock--upup



D t il d D iD t il d D iDetailed DesignDetailed Design

 Phase Deliverables: 
Hardware DesignHardware Design 
Software Design 
Enclosure DesignEnclosure Design 
Belt Design 



D i F b i tiD i F b i tiDevice FabricationDevice Fabrication



D i V ifi tiD i V ifi tiDesign Verification Design Verification 



T til B lt P t tT til B lt P t tTactile Belt PrototypeTactile Belt Prototype



Adaptive Change Point DetectionAdaptive Change Point DetectionAdaptive Change Point DetectionAdaptive Change Point Detection
 Modeling: Signal variations 
 Prediction error: Trend changes Prediction error: Trend changes 
 Change point detection: Cusum test
 Online adaptationOnline adaptation

Dosani 2009, Yang 2010



VibrotactileVibrotactile BeltBeltVibrotactileVibrotactile BeltBelt

28



RealtimeRealtime evaluationevaluationRealtimeRealtime evaluationevaluation
17 anesthesiologists, 57 cases

Dosani 2012



D t ti f l ti d ttD t ti f l ti d ttDetection of location and patternDetection of location and pattern



D l Di lD l Di lDorsal DisplayDorsal Display

Easier to learn compared to tactile belt

Barralon 2009

Easier to learn compared to tactile belt



C ti I f i Di lC ti I f i Di lContinuous Informing DisplayContinuous Informing Display

Ferris 2011Multimodal display improved performance under high 
task demand





Thanks for listeningThanks for listening….….

M k A iM k A iMark AnserminoMark Ansermino
mansermino@cw.bc.ca@


