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d Physical User Interface Design
e Definition
e PUI: Subcategory of Ul

e Importance of Ul Design

a Digital Human Simulation
e Definition & Benefits
e History
e Architecture

e Design Process with DHS

Design Applications
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Physical User Interface Design

v Definition
v Types of Ul

v Importance



User Interface? O
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Q Definition
The device, method, or modality used to accommodate the

Interaction between the system (consumer product, machine,
tool, software, or document) and the user.




Types of User Interface @,
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Physical
Interface

Cognitive Emotional
Interface Interface




Ul Design Issues: Automobile Interior O
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a Physical Ul
e Positioning and sizing seats, controls, and mirrors for reach,
visibility, and accessibility
e Designing seats for comfort and habitability

a Cognitive Ul
e Designing gauges, displays, and navigation systems for
information processing time, accuracy, ease of use, and ease of

learning

a Emotlonal Ul
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Importance of Ul Design @,
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Ease of use

Ease of learning (training)

Fitness

Comfort

Convenience

Performance (time, accuracy, quality)
Safety (error- or mistake-proof)
Satisfaction

Health

Market competitiveness
Profitability
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Digital Human Simulation

v Definition & Benefits

v History

v Architecture

v Design Process with DHS

v Design Applications



Digital Human Simulation? @,
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a Definition
Predicting the performance capabilities of designated groups
of people within a computer rendered environment (Chaffin,

2001)
O Benefits
e Earlier introduction of ergonomics into the designyrocess _
e Increased safety, user satisfaction, productivity Ergonomic
: : Design
e Enhanced accommodation of the target population Quality

e Improved product quality

e Reduced the number of physical prototypes
e Shorter design time Development
e Accelerated time to market ~ Time & Cost
e Lower development costs
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Brief History of DHS Systems Q
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Architecture of DHS System
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. f
Human Modeling Performance Task Animation
Modeling
Modeling o Anthropomet_ry e Posture prediction e Goals
e Representative e Motion prediction e Scenario (posture
hurr_lan0|d_s _ e Strength models & motion control
e Size estimation e Vision models timing)
e Skin g
| e Clothing )
é Ergonomic Ootimizati
_ Analysis ptimization
Analysis & —
L e Accessibility : : :
Optimization o Visibility e Design diagnosis
e Design sensitivity
* Reach e Optimization algorithm
e Posture P g
e Biomechanical load
| ® Accommodation
- . r 1
Virtual Prototyping VR Interface
Interface e CAD interface

(import/export)
e Object creation/

manipulation

e Motion capture system
e Head mounted display
e Haptic devices
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Design Process w/ DHS: Cockpit Design w/ RAMSI@

Ergonomic Design Technology Lob

Optimizing an aircraft cockpit with RAMSIS

I tecmath
‘ Peter van der Meulen
g e cmath of Morth America, Ine.
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Capabilities of DHS Systems @)
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U O 0O 0O O

Clearance (accessibility)

Visibility

Reach

Posture

Biomechanical/physiological load (strength, moment/torque,

compressive force, energy expenditure, comfort, fatigue)

Accommodation
Virtual reality interface

Specialized design functions (SAE design guidelines)
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s Design Application: Accessibility MO .

O Evaluating clearance for the user to access an object,
workspace, or system.

F-22 aircraft maintenance task
(removal of an avionics component from the

aircraft's weapons bay)

Using collision detection algorithm, .,
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Design Application: Accessibility - KHP O
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Accessibility Evaluation Scale: KHP O
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gl
Design Application: Visibility (@)

O Evaluating the visual fields of the user by using view cones
and view windows.
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Design Application: Visibility - KHP O
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Design Application: Visibility - KHP
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Design Application: Visibility - KHP
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Design Application: Reach @
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d Predicting the reach volume or reachability of the user to
operate controls, buttons, or switches in the system.
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Design Application: Reach @,

d Predicting the reach volume or reachability of the user to
operate controls, buttons, or switches in the system.

Generic reach envelope Target-specific reach path
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Design Application: Reach - KHP @,
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Design Application: Posture @,

d Predicting and evaluating the posture of the user when
conducting a specific task.
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Design Application: Posture - KHP @,
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Cougar design= KHP design 1.t} &-o] o] 3 A (flexion)
- KHP: Neck flexion = 0.0°
- Cougar: Neck flexion = 15.2°

\%C’J: Cougar DEP7} KHPel H]3}| o}l €1 %] (H: 1.2cm 3} 4.49\)
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Posture Evaluation Scale - KHP O
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Range of motion (ROM)
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Design Application: Posture - KHP @,

O KHP design2 Cougar0fl Hloli £F 1 ({2 XtAlJt
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Design Application: Synthesis - KHP O




Design Application: Synthesis - KHP O
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Design Application: Biomechanical Analysi§?
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d Predicting the biomechanical stress on the body segments
for a designated work condition and comparing with NIOSH

guidelines.

Lower Back Analysis
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Benchmarking: Biomechanical Analysis O
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JACK SAFEWORK RAMSIS
® Low back spinal force e Balance calculation | @ Postural comfort
analysis e NIOSH lifting analysis
e Static strength prediction | analysis e Orthopedic
e NIOSH lifting analysis e RULA assessment of the

® Predetermined time
analysis (MTM-1 system)
e Rapid Upper Limb
Assessment (RULA)

e Garg’s metabolic energy
expenditure

® Snook table (manual
handling limits)

e Fatigue/recovery time
analysis

e OWAS working posture
analysis

® Snook table (manual
handling limits)

spine curvature

® Force table with
feasible and
recommended values

® Force analysis
based on the Simens-
Burandt method
(gender, age, physical
condition, hand, job-

type)
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Virtual Reality Interfaces O

e Motion capturing devices

- Flock of birds

- CyberGlove

- Vicon Motion system

- Motion Analysis system
e Head mounted displays
® Haptic devices
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