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Haptic Systems –Workspace and Force 
–Brief Review
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Kinematics

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

ÅWe will try to obtain the equations that describe the kinematics of a 
haptic device
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Position/Time - Trajectories

ÅTrajectories describe the motion of a body and how it evolves over time: 
Åcontinuous, 

Åno discontinuity

Position

Time
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Velocity

ÅHow quickly an object position changes.
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Acceleration

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

Å!ƴ ŜȄŀƳǇƭŜ Χ ƛŘŜŀƭ Ǉƭƻǘǎ Χ ǳƴǊŜŀƭ ǎŎŜƴŀǊƛƻ
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Position, Velocity and Acceleration

ÅIn real scenarios (taking data from a real device) we deal with samples 
taken over a period of time:
ÅSamples of positions taken at ҟǘintervals 
ÅAverage velocity is computed from position measures
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Force and Torque Relationships

ÅThe torque, or moment:  
Åthe tendency of a force to rotate an object. 
Åa force which is offset from the center of the object will generate a torque

ÅWe 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 Torque ()̱
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Force and Torque Relationships

ÅBelt on pulleys example

F1

F2
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An example –basic device

ÅAn basic haptic handle with 
pulleys

ÅThe force can be computed as 
a ratio of pulleys radius and 
pulley torque
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Haptic Rendering



Haptic Rendering

ÅThe process of computing the force resulting from contacts with 
virtual object based on measurements of the operator's motion.
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Haptic Rendering –Simulating Feel

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

ÅThe system must ensure that the user:
ÅFeels the interaction with the virtual environment exactly as the designer 

intended ςand similar with a real environment (depending on the case)

Å5ƻŜǎ bh¢ ŦŜŜƭ ƻǘƘŜǊ ŦƻǊŎŜǎ ƭƛƪŜ όƳŀǎǎΣ ŦǊƛŎǘƛƻƴ Χ ƻŦ ǘƘŜ ƘŀǇǘƛŎ ƳŜŎƘŀƴƛǎƳύ

ÅForce- motion relationships must be especially well captured.
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The Haptic Loop
ÅSteps to take in order to create a haptic rendering 

and control the haptic device to feel the way you 
want it to feel.

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

1. Movement of the device is sensed
2. Kinematic equations are used to find the motion 

of the haptic interaction point
3. Collision with the virtual environment 

components must be detected
4. If penetration of surface is required (e.g. 

deformable 3D models) the relevant surface point 
must be detected (and the penetration distance 
measured).

5. The force to be displayed to the user is calculated
6. Kinematics are used to determine actuator 

commands
7. Amplifier is sending current to the actuator

500Hz ς1KHz
Loop
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Haptic Rendering –Force computation

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

ÅTypes of simulations:
ÅRealistic vs unrealistic

ÅFun vs Educational

ÅExpected vs Unexpected (unexpected might be difficult to grasp for users as 
visual synchronization must also occur)
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Haptic Effects –Virtual Spring

ÅF = -kx
ÅF is the force felt by the user

ÅK is the stiffness coefficient of the wall

Åx is the position of the haptic interaction point

at equilibrium x=0

ÅThe negative sign indicates that the force is going 
to actually be in the opposite direction of the 
user's movement
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Haptic Effects –Virtual Damper

ÅF= -bv
ÅF is the force felt by the user
Åb the damping coefficient
Åv the velocity of the haptic interaction 

point

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

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

ÅVirtual walls are very popular in 
virtual environments

ÅThe wall is infinitely deep

ÅIf the haptic interaction point 
moves inside the wall it must be 
immediately pushed out using a 
spring like equation.
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Virtual Textures
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Virtual Textures

ÅWe can use damping fields (lines).

ÅWhen the haptic point crosses a 
damping filed the force is 
increased and the user feels a 
texture

ÅFast movement over the damping 
fields can generate additional 
vibrations 
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Impact Vibrations

ÅAdding vibrations 
when touching the 
wall.

ÅProvides a more 
realistic impression of 
touching the wall

ÅMore stiffer wall
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