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Shrinking User InterfaceShrinking User Interface

• Small devices ⇒ Narrow user interface
– Only few pixels graphical output
– No keyboard

• Mobility

• Coping with the limited input and output of existing 
devices
– WAP

• Exploiting new means of human computer interaction
– Augmented reality

Scientific ClassificationScientific Classification

• Relates to
– Human Computer Interaction (HCI)
– User Interface Design

• Principles for good interface design

• Human factors
– Capabilities of humans
– Limitations

• Trade-offs with respect to application areas
– Life-critical systems
– Industrial and commercial use
– Home and entertainment
– Exploratory, creative, and cooperative use



Ubiquitous Computing Summer 2004

Hannes Frey and Peter Sturm, 
University of Trier 3

LifeLife--Critical SystemsCritical Systems

• High costs are okay

• High reliability and effectiveness

• Long training periods

• Fast and error-free performance
– Even under stress

• Subjective satisfaction not important

• Retention gained by frequent use and training

Industrial and Commercial UseIndustrial and Commercial Use

• Lower cost, if possible

• Reliability can be sacrificed

• Less expensive training

• Keep costs low
– Speed of performance vs. error rate

• Subjective satisfaction modestly important

• Retention obtained by frequent use

• Beware of operator fatique
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Home and EntertainmentHome and Entertainment

• Ease of learning very important

• Low error rates very important

• Subjective satisfaction very important

• Low cost

Human DiversityHuman Diversity

• Physical abilities, physical workspace

• Cognitive and perceptual abilities

• Personality differences

• Cultural and international differences

• Users with disabilities

• Elderly people
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Physical Abilities, WorkspacePhysical Abilities, Workspace

• Anthropometry
– What is the average user?

• Perceptual abilities
– Vision

• Color, color blindness
• Sensitivity of flicker, contrast, depth, …
• Visual fatigue

– Hearing
– Haptics

• Performance
– Typing speed, …

• Ergonomics

Cognitive and Perceptual abilitiesCognitive and Perceptual abilities

• Cognitive processes
– Short-term memory
– Long-term memory
– Problem solving
– Decision making
– Attention, scope of concern
– Search, Scanning
– Time perception

• Psychology, cognitive sciences
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Factory with Negative InfluenceFactory with Negative Influence

• Vigilance

• Fatigue

• Perceptual load

• Knowledge of results

• Monotony, boredom

• Sensory deprivation

• Sleep deprivation

• Anxiety, fear

• Isolation

• Aging

• Drugs, Alcohol

Differences in PersonalityDifferences in Personality

• Woman vs. Men

• MBTI (Myers-Briggs Type Indicator)
– Extroversion vs. introversion
– Sensing vs. intuition
– Perceptive vs. judging
– Feeling vs. thinking

• psychologial scales
– Risk taking vs. risk avoidance
– Reflective vs. impulsive behavior
– Tolerance for stress
– …
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Differences in CulturDifferences in Cultur

• Characters, numerals, special characters

• Orientation
– Left-to-right vs. right-to-left
– Horizontal vs. vertical

• Formats
– Time, currency, weights, …

• Icons, buttons, colors

• Etiquette, policies, formality, metaphors

Evaluation CriteriaEvaluation Criteria

• Physical factors
– Additional bandwidth
– Accuracy

• Measurable human factors
– user satisfaction
– Time to learn
– Error rate
– Rentention over time



Ubiquitous Computing Summer 2004

Hannes Frey and Peter Sturm, 
University of Trier 8

Shrinking space for input and outputShrinking space for input and output

Tablet PCTablet PC

• Touch sensitive Screen
– Resolution 320x240 (PDA)

to full notebook display

• Input
– External input
– Virtual keyboard
– Hand writing (pattern recognition)
– Gestures

• Strike through
• Delete
• …
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New ways to interactNew ways to interact

Exploiting all SensesExploiting all Senses

• Vision
– Still the most important sense in HCI

• Hearing
– Increasing importance

• Sense of touch (Haptics)
– First applications

• Sense of smell

• Sense of taste
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VisionVision

• New graphical output devices
– High resolution, but easy to “wear”

• Examples
– HUDs in vehicles, planes, …
– Glasses with integrated display

• Application scenarios
– Manufacturing, Design, …
– Biochemistry, Chemistry, …

• Primary goal:
Augmentation

Siemens

HUDs in Future CarsHUDs in Future Cars
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HUDs in Future Cars (2)HUDs in Future Cars (2)

VD
O

Head Mounted DevicesHead Mounted Devices

• Augmented reality
– Augmenting the adjacency of a person with

• Vision
• Audio

– Immersive
• Glasses

– Constructed
• Additional input to

reconstruct the
environment

• Virtual reality
– Sole output device
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HMD in MedicineHMD in Medicine

HapticsHaptics

• As input
– Joysticks and mouse
– Data gloves
– data suits

• As output
– Force-feedback Joysticks
– Exoskeletons

• Primary research areas
– Helping handicapped person
– Manufactoring
– Military
– Space flight
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Digital PaperDigital Paper

MotionMotion
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GesturesGestures

• Recognition systems for movement of
– Hands, Fingers
– Whole bodies
– …

• Techniques
– Traditional hardware (pen or mouse)
– Additional hardware (gloves and suites)
– Sensing electrical impulses within muscles
– External camera and image processing

Neuroelectrical Joysticks and KeyboardsNeuroelectrical Joysticks and Keyboards

• K.R. Wheeler, C.C. Jorgensen
NASA Ames Research Center

• Hand gestures to interface with computers
– Noninvasive sensing electromyogram (EMG)
– Usable in poor lighting conditions in extrem environments

• Wet and dry
electrodes possible
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MethodologyMethodology

• Select gestures
– Up, down, left, and right with varying degree of force

• Apply electrodes (number and location)
– Four electrodes

• Acquire signals

• Filter and digitize data

• Form features
– Hidden Marcov model

• Training and testing of pattern-recognition model

• Apply pattern recognition in interactive simulation

Typing on your kneeTyping on your knee

• Experiment for finer-grained motor control

• Applied to numerical keypad only (0-9, Enter)
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Challenges in Gesture RecognitionChallenges in Gesture Recognition

• Interfacing to wearable robotic exoskeletons

• Virtual wearable cockpits for airplanes and transportation 
machinery

• Astronauts could type into computers despite being 
restricted by a spacesuit

• Game industry

Implicit InteractionImplicit Interaction
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Digitial InteractionDigitial Interaction

Der Mensch als DatenbusDer Mensch als Datenbus
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Personal Area Networks (PANs)Personal Area Networks (PANs)

• IBM, Almaden

• Natural salinity of human body
– Current about 1 nanoamp

• 2400 Baud

• Potential applications
– Pass electronic business

cards and other simple data
– Synchronization
– Automation and securing

of consumer business
transactions
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