Haptic rendering

CY419 Definitions
W.S. Harwin . PHIP = Physical haptic interface point
See http://www.rdg.ac.uk/~shshawin/LN for pdf - HIP = haptic interface point
version . SP = surface contact point

Identical concepts to visual rendering

. GO = god-object (where the HIP should be)

Usually includes other modalities, in particular

vision
. Stability criteria require fast update speeds typical

500-1000Hz

Phases to haptic rendering Sphere Collision

. Collision detection . v is vector from Centre

— Open source eg I-Collide, Solid, opcode, gimpact of sphere C to Haptic

- Haptic specific (must be fast and efficient) point P

v=P-C

- Only a polygon/point collision algorithm is required. .
. Force estimation If (Vv < r?) then HIP

is in the sphere

. Collision response

- Requires a model of what should happen, eg physics - Force response eg

engine F= K (r-|v])v/|v|
Dot product Collision by polygon transition
+ Given two vectors u and v . dis (scalar)
can work out a scalar dot perpendicular distance
product to polygon from origin
= \ . . Po
U= UVl PV y . . nis outward facing ]
=ullvicos 6 normal
+ If one vector is a unit . .
vector, then dot product - Distance from origin ~ d ;
represents the projection of along perpendicular is "
the second vector onto the po-nandp,.n

first



Condition for collision of line with
polygon
. (n.p,-d) > 0 and (n.p,-d)< O or visa verse
. Calculate as (n.p,-d) (n.p,-d)<0

. If this is true the ‘ray’ has passed through the
plane of the polygon

. Must then check with three planes forming a
‘toblerone bar’ around this triangle to see if ray
penetrates into the bar and hence the polygon

Simplistic collision response

- evaluate g as the L
perpendicular distance
to nearest surface. Eg
cube

* F=Kq

* Problem with push
through of narrow
objects

God-object algorithm

. Algorithm needs to track god-object on
- A) surface of entry polygon
- B) transition to edge or vertex of joining polygons
- C) surface of additional polygons
- D) transition into free space

Force estimation

. Hookes law F=Kq
. Visco elastic F=Kg+B dg/dt
. Fluid F= B dqg/dt

Zilles and Salisbury god-object

. Maintains a history of contact

. God-object is connected to HIP by a virtual
spring

. God object is

— either coincident with HIP (freespace)
- or on the surface of the object while HIP is in object

Zilles and Salisbury algorithm

If polygon is defined by Ax+By+Cz=D
Surface normal is ‘ﬁ B C
DD’ D,
For the closest point to a surface form
A=A B d.,D=D,

For the closest point to an edge (two intersecting

olygons) form I
polygons) A= A B d D D,

A2 BZ C’.” _DE



Zilles and Salisbury

For the closest point to a vertex (three intersecting
olygons) form [ 1 I
polygons) A B d D,

A=A, B, C,.D=D,
A, B, C, D,

Solution is - ;
X, =X, TA(A A |D-A"x,

Where x, is current phantom position and x, is the
position of the god-object on the polygon

Friction Background - Friction

. Classical Friction Model:
- Typically has response as

shown.

LeGru model includes model of e |

micro-slip behaviour Coulomb friction

- Simpler models are Karnopp

and Dahl.

Coulomb model assumes no

viscous friction.

Stribeck eﬂeu_w Viscous friction

Velocity

Friction|force

I— Negative limit
of static friction

The Dahl and Lugre Model

Dahl Friction model

dF F
= (1 - Eszgn(v))

On integration this becomes
F=Fc(l—e 7ok ‘JF‘]sign(v)
Lugre Friction Model. The State equations are
z=v—h(v)z
F = 0oz + oyz + F(v)

where h(v) = G’n%

Typically f(v) would be viscous friction, i.e.f(v) = opov. A
reasonable choice for g(v) that models both cooulomb friction and
the Stribeck effect is

g(v) = Fo+ (Fo — Fo)el v/l

Picking up an object

. In Zilles and Salisbury algorithm friction is then
added in if needed.

. Friction is needed to form a stable grasp
. Good friction model needed to lift against gravity

Bristle model of friction

. Analogous to object
sliding on the bristles
of a brush posiive mi

of static friction
. Stiffness defined
across elastic range,
thereafter response is a
function of velocity

Limit of elastic
deformation l

Coulomb friction

Friction force

Velocity

Negative limit
of static friction

The Dahl and LuGre Model

The Dahl model is a simplified version of the Lugre model
The Dahl model does not account for the stribeck effect
The state z, can be considered as a bristle deflection

Fc is the coulomb friction Fs is the limit of static friction

In the LuGre model typical values are 0.5 < e < 2
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Friction cone algorithm (Melder and
Harwin)

. Friction Cone Algorithm is active only when the haptic interaction

point is inside an object.

. Acone is placed at the haptic interaction point oriented in the

direction of the normal of the contacted surface.
Intersection of this cone on the surface defines a friction circle.

F.. .
. Definep=tanp= _Jriction

R

Calculating friction

Calculate depth of penetration d = (HIP - GO) e n .
Hence, calculate. SP = HIP +dn .

Circle (the intersection of the friction cone with the surface polygon) has
radius R = dg (u is the friction coefficient for the surface).

C(ggl)pare dista’*lce between the surface point (SP) and the current god-object
ie. r=
object if outside circle.
GOnew = SP + R.(GO - SP)
r

The response force can now be calculated based upon the vector from the
HIP to the god-object and will be proportional to the surface stiffness.

Manipulation of Virtual Objects

With multi-point haptics, require a method to allow for
realworld/natural manipulation of virtual objects.
Direction vector from HIP to GO is proportional to force
applied by haptic interface to object.

Summing all force vectors on the object gives the residual
force in the object (including gravity etc.)

Residual force is input to a suitable movement algorithm.
2 Types of manipulation — Translation & Rotation.

GO - SP |to the radius of the friction circle. Update the god-

Friction Cone Algorithm

: e GO - HIP a Force Vector

! to apply to Haptic Device

« Since Vector, will work in

e any number of dimensions
Gutecerome - (jg, 2D, 3D, 4D)

oo

" god-object (GO)

Modeling dynamic (coulomb) and static
friction

« State transition o<t g
diagram — either
slipping or not

« If slipping use coulomb ...~
1) 0> tan

« If GO within friction
circle change state and
use static p

Residual Force Algorithm

Sum of Forces in virtual object required for translation..

Object requires a mass.

Point Mass model used ie. all forces act on the Centre of Mass.
Residual Force in Object = Mass x Acceleration

Voew = Voig + @ At (where At = loop time of the control algorithm)

Prew = Potd *Vnew At




Residual Torque Algorithm

. Sum of Torques in virtual object required for rotation.

. Object requires inertias along each of the primary axes.

Inertia stored in Matrix form ie, in3D 1=

. Torque=rxf

Haptic Rendering of Complex Shapes

. Convexity & Concavity
- A Polygon is convex if all internal angles < 180°.
- A Polygon is concave if any internal angle > 180°.

- An edge is convex if the internal angle between the
polygons < 180°.

- A vertex
. Totally convex if all the adjoining edges are convex.
. Totally concave if all the adjoining edges are concave.

. Partially convex/concave if the edges are mixed (ie.
concave and convex).

(Pseudo) Voronoi Regions
and End Planes

. A features VVoronoi region is an area of space
around the feature that is closest to that feature.

Each triangular face has 3 associated voronoi
planes that pass through each of the face’s edges
perpendicular to the face.

Each edge has 2 associated end planes, that pass
through each of the edge’s vertices perpendicular
to the edge.

Residual Torque Algorithm

. Residual Torque in object: T=2nxf
s
. Angular acceleration given by: o="3"(T-wx"Jw) Where"J=RJR'
. Can simplify and use: »~RITR'T
’

. Angular Velocity and Rotation Estimate is given by:

@ =@y, +OM 0 -0, o
AR=1+SAt where S=| @, 0 -w,
R=R,,AR -0, o, 0

Face Directed Connection Graph

v6 v2 +Made from Nodes, Connections &
F1 = Top face corners.
- vl F2=Bottom face , Node contains:
F3 = Right face
F4 = Left face - Face plane
T 3  F5=Front face - Array of Connections
F6 = Back face .
. Connection:
v8 va - SharedVertices
- ConnectedNodes
- EdgeVector

- ConnectionType
- VoronoiPlanes
- EndPlanes

. Corner Contains:

- Vertex

- Array of Connections

State Transitions

* FS —F determined by
e collision algorithm.

NN

QEONO

FS = Free-space F=Face E=Edge V = Vertex



Needle sticking, cutting, wearing,
stretching
Part of the collision response/physics
Represent solid objects
- Nested surface (triangulated)
- Tetrahedra or cubic meshes
- Spherical meshes

Needle stick needs to simulate membrane transition,
allow GO to drop through a nested set of surfaces

Cutting — As vector between HIP and GO transitions
separate the mesh connectivity
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Needle sticking, cutting, wearing,
stretching

. Wearing

- Remove tetrahedra/cube/sphere after a time in contact

. Stretching

- Finite element methods (not realistic with current
computation)

- Linear Spring/mass/damper networks linking the
individual nodes.

- Simplified tetrahedra physics.



