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1.2 The Science of Force Feedback.

Force Feedback, also known as haptic feedback or force reflection, refers to the technique
of adding “feel” sensadons to computer software by imparting real physical forces upon
the user’s hand. These forces are imposed by actuators, usually motors, incorporated in
the interface hardware. The interface hardware may be a joystick, steering wheel, flight
yoke, or other standard peripheral. When equipped with force feedback technology, the
interface device can impart the simulated “feel” of jolting blasts, rigid surfaces, viscous
liquids, compliant springs, jarring vibrations, grating textures, heavy masses, gusting
winds, rumbling engines, impacsng asteroids, and just about any other physical
phenomenon that can be represented mathemasuically.

The basic premise behind Force Feedback technology is quite simple — as the user
manipulates the interface hardware, the actuators apply computer modulated forces that
either resist or assist the manipulations. These forces are generated based on mathematical
models appropriate for the desired sensations. For example, when simulating the feel of a
rigid wall with a force feedback joystick, motors within the joystick apply forces to the
handle to replicate the feel of encountering a wall. In this case, the mathematical model
driving the forces is as follows — as the user moves the joyswck to penetrate the wall, the
motors apply a force that resists the penetration. The harder the user pushes, the harder
the motors push back. The end result is a sensation that feels quite compelling because it
truly represents a physical encounter with an obstacle — a simulated obstacle — but an
obstacle none the less. Other sensasions follow more complex mathematical models, but
the paradigm is basically the same.

The magic behind generating compelling force feedback sensations is of course in the
mathematical models that control the actuators. These models may be very simple,
modulasing force based on a predefined funceion of time (the resulting sensasons are
known as “Temporal Waves™). These models may be more complex, modulasing forces
based on user manipulations (the resulting sensations are known as Spatial Conditions™).
These models may even modulate force based on both time and user manipulations (the
resulng sensaMons are known as “Dynamic Sensations”). Together, these three classes
of feel sensation make up the basic conceptual foundation for force feedback
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