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Bio Interfaces

Beyond hand-coupling

Skin temp, skin resistancy, heartrate, brainwaves, sympathetic/para-, biofeedback

Brain-computer interfaces –altering brainwaves can control device/game –cursor/keyboard already, Training hyperactive disorders

BIOCONTRL:

Motions:
Muscle mvmt & relax. EMG

Eye motion – EOG

Electromyography (EMG)

Sensor – 3: front head, shlder, forearm, jaw… processing complex like voice

Measeurement 

Electrical discharge of motor neuron 

Muscle tension or gestures control 

composer Atai Tanaka:

EMG Sensorband

Video Gesture Walkman

NASA Ames RC

· Virtual flight stick, 757 jet – 8 dry electrodes, 4 bi-polar channels, pattern recog. – analyze nerve signal – paper keyboard

Electro-Oculogram (EOG)
Sensor – 3 eletrodes places across forehead

Bioelectric signal – for disability, cursor controsls letter selection, attention tracking

Keyboard on screen

Emotion Recognition: (video capture, voice recog also)

Skin conductivity (GSR)

Muscle tension (EMG)

Eye (EOG)

Heart waves (EKG)

Brain wave (EEG)

Temperature, blood pressure, respiration

Combo (biometric analysis) is most sucessful

Galvanic Skin Response – skin conductancy

Sweating – sensor: 2 silver chloride electrodes –small votage – finger, toe, anywhere eg. shoe, watch, rings – baseline, peaks vary by skin type, situation, decrease as pores block, cannot be quickly iterative eg. Wild Divine, AffectiveCinema (SG 2002)

Electrocardiogram (ECG, EKG)

Fitness machines, heartrate – relaxation, lie detectors, awareness, heartrate must be diverse to be healthy: stress => even intervals

Eg. Wireless physiological monitoring (EKG, EMG, GSR)

Brain-Computer Interfaces (BCI)

Electrical signals

Invasive: implant electrodes into brain: Brain Gate, cyberKinetics, Inc. – motor cortex for paralyzed

BCI (EEG) – 2 - 128 channels – brain impulses – eyemvt and muscles interferance, distance fr. skull

Mental activity/in-, area of mental activity, frequency bands of activity

Alpha, beta, delta, theta, gamma

2 eletrode devices: WaveRider, Cyberlink or Procomp devices

Eg.  EEG Brain Interface (Medialab Europe)

Cursor cntrol, robot arm prosthetics, navigation, simple games (pacman, tetris)

Medialab: MindBalance (Burke) – balance across tightrope by brainwaves

Eg. Berlin BCI (BBCI)

Cyberlink (EEG, EOG, EMG)

Lateral eye mvmt, alpha, beta waves, cursor mvmt – Tetris, Maze 

Many sensors, set-up time

UHCI Principles
Evaluation is key, motor-sensory, cog., social

Controls & Output

“Napkin Sketch”: who, what are they doing, where, when, why, how

Voluntary cntrl

Body-coupled

Bio-phys monitoring

Monitoring (eg. camera)

Involuntary cntrl

User’s behavior

Biophys state

Monitoring Issues:

Cntrl structure change – feedback

Limited affordance (what’s going on?)

Habit-based computing – involuntary/in-, interpretation of intention bottleneck, localization of user: context important, functionality coupled to location, Ambient Technology projects

Also: sensor networks, miniaturization, medical

Approaches:

Desktop as counterproductive metaphor – “Buston’s Law” (2001) – why not use 2 hands to cntrl? – user frustration – offset of promised functionality limits capability

Generality vs. complexity

But not: complex tools for multiple functions, reducing complexity

Shattered Computer – simple interfaces eg. tangible UI, 1-2 min. learning curve, location-based on wearable

Substution – assistive tech, 12-20% of US has functional limitations – Control Substitution - mapping cntrol to another system – lots of body parts – may lead to cognitive load reduction, reduction of performance possible, control structure can also be changed – disperse control to multiple body parts eg. head-operated joystick

Control Ergonomics – endurance capacities of human key, match phys. Constraints when alternating – mechanicl coupling vs. monitoring, device/control factors (see Salvendy) – shape, size, texture, etc.

Human Input/Feedback

Analyze range/thresholds of sensory channels eg. elderly heaing

Multi-sensory vs. multi-channels

User-maintained feedback – usually kinesthetic/proprioceptive eg. muscel force to hold button, binds transactions with mode state

Ambient feeback – behavior monitoring eg. change of light color in room

Extreme feedback – attention-oriented – short bursts of close-to sensring threshold feeback eg. pain for falling asleep behind wheel

Sensory Substitution – reduce cognitive load  or lead to single-modality communication eg. audiobrowser

Guidelines:

Dominance of sensory channel: Vis 50% Aud 20%

Different sensitivity dif body parts – sensory homunculus

Feedback Compliance – spatial/temporal – motion sickness

Cross-modal effects – vision affects taste

Redudant feedback – reinforcing

Bioware – eg . cochlear invasive  implants – 75,000 users

> perception phase changes

· unintentional UI – unconscious

appropriateness, experience/enjoyment, reliability, etc.

Ways to build UHCI:

Flexible – core physical and electronics

Easy – toolkits, toys, consoles, prototyping easier

Sensors: acceltrometer, bend, gyro. Photocells, potentiometers, pressure, temperature

More complex: cameras, microphones, motion detect, sensor network

Build your own – conductive cloth, diy buttons

Actuators – vibraton, air bladders, pneumatics, etc.

Gamepads, consoles, toys, force fdbk joysticks

robust sensors, actuators, standard device drivers

housing – lego bricks, clay, cardboard box, foam

microcontroller – connect sensors to computer (course last year)

microcontroller APIs for scaling, shifting

use DSP for more complex data like biocontrol data – LabView, MathWorks, MatLab, bio data

Mindtel’s TNG-3 – total net gadget – 8 analog/8digital – works with any sensor w/ 0-5 V, actuator support soon

Complete toolkit: phidgets – usb  http://www.phidgets.com
TNG-3, Mindtel w/ sensor set

Lego Mindstorms

Bio interfaces : g.tec, BioControl Systems, ProComp – API for windows, adapted by UNC using VRPN

VRPN: Ross Taylor 1998 – communication b/w hosts, handles device ontrl layer, hooks to higher levels of a VR system app  http://www.cs.unc.edu/Research/vrpn/
3D Pong!!!! 3D Pong in OpenGL, Device Computer: TNG 3 w/ multiple sensors, Logicad3D Spacemouse, connection via VRPN

“3D User Interfaces – Theory & Practice” textbook

http://www.uhci.org
http://www.unconventional-HCI.org
