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Haptic SystemsWorkspace and Force
— Brief Review
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Kinematics

AKinematics is a branch of classical mechanics that describes the
motion of points or bodies in space and over time.

AWe will try to obtain the equations that describe the kinematics of a
haptic device



Position/Time Trajectories

ATrajectories describe the motion of a body and how it evolves over time:
A continuous,
A no discontinuity
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Velocity

AHow quickly an object position changes.
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Acceleration

ADescribes how quickly the velocity changes.
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Position, Velocity and Acceleration
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Position, Velocity and Acceleration

Aln real scenarios (taking data from a real device) we deal with samples
taken over a period of time:

A Samples of positions taken &t intervals
A Average velocity is computed from position measures

position

0 time
velocity
0 . time
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Force and Torque Relationships

A The torque, or moment:
A the tendency of a force to rotate an object.
A aforce which is offset from the center of the object will generate a torque

A We look at the case when the force is perpendicular to the radius of the pulley to get the
maximum torque/force from the motors

=> the scalar relationship between the Force (F) and the Torfjue (

F
7 = J 2l
s

torque force radius
(in N-m) (in N) (in m)



Force and Torque Relationships

ABelt onpulleys example
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An example- basic device
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AThe force can be computed as B Teector
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Haptic Rendering



Haptic Rendering

AThe process of computing the force resulting from contacts with
virtual object based on measurements of the operator's motion.

human operator measured operator input virtual environment

and haptic device ' (programmed)

desired haptic display output
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Haptic Rendering Simulating Feel

AThe user should feel like he is directly interacting with the virtual
environment.

AThe system must ensure that the user:

AFeels the interaction with the virtual environment exactly as the designer
Intended¢ and similar with a real environment (depending on the case)
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AForce motion relationships must be especially well captured.



The Haptic Loop

A Seps to take in order to create a haptic renc
and control the haptic device to feel the way

want it to feel.

A The user is holding onto this end point and
moving the haptic device around:

1.

2
3.
4

o U1

Movement of the device is sensed

Kinematic equations are used to find the m
of the haptic interaction point

Collision with the virtual environment
components must be detected

If penetration of surface is required (e.g.
deformable 3D models) the relevant surface
must be detected (and the penetration diste
measured).

The force to be displayed to the user is calculated

Kinematics are used to determine actuator
commands

Amplifier is sending current to the actuator
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Haptic Rendering Force computation

AThe function that is used to compute the force is decided by the
developer.

ATypes of simulations:
ARealistic vs unrealistic
AFun vs Educational

AExpected vs Unexpected (unexpected might be difficult to grasp for users as
visual synchronization must also occur)



Haptic Effects Virtual Spring

AF =-kx
5 AF is the force felt by the user
o AK is the stiffness coefficient of the wall
Load force K_i/ 2 Axis the position of the haptic interaction point
o /" at equilibrium x=0
./ 7 ;a '

B AThe negative sign indicates that the force is going
to actually be in the opposite direction of the
user's movement



Haptic Effects Virtual Damper

AF=-bv
A F is the force felt by the user
A b the damping coefficient

A vthe velocity of the haptic interaction
point

AProvide a smooth even motion that
prevents the user from moving too
quickly

AGood for taking a spring that might
be overly vibratory and making it feel
more damped or more stable
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Virtual Walls

x:nmll Xwall
AVirtual walls are very popular in )
. = user xu-;-'.m
virtual environments ° .
Xwall"Xuser
AThe wall is infinitely deep
p——p X p—> X
Alf the haptic interaction point
moves inside the wall it must be Ifx_>x ,,F=k(x,-x_.)
Immediately pushed out using a stiffness 4 > 0

spring like equation.
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Virtual Textures



Virtual Textures

AWe can use damping fields (lines). i e il
/ N\
AWhen the haptic point crosses a )..
damping filed the force is User
Increased and the user feels a

if p, . 1s inside a damping area
F=bv,

texture

er

AFast movement over the damping
fields can generate additional
vibrations



Impact Vibrations

AAdding vibrations
when touching the
wall.

AProvides a more N f\/\h

realistic impression of >

touching the wall vibg. 41y _NJ-\\—
l 1

AMore stiffer wall

Kuchenbecker, et al. 2006
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