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This paper proposes a novel interprocess communication, between a virtual world manager with slow
update rate and a haptic controller with fast update rate, which incorporates the integrated force given
from the user to the world. High-speed refresh rate, generally 1kHz, is required to present stiff virtual
objects that have spring-damper character with haptic display. On the other hand, the managing of
an interactive and rich virtual world that takes a lot of computational time makes the refresh rate as
low as 20Hz that is enough for CG. The dividing of the process into two has been proposed to interact
with such a world and interprocess communication between the processes has been discussed. Although
the methods proposed previously work well on condition that the virtual world is static, goes wrong on
dynamic world. For instance, the movement of an object flicked by a user depends on the timing of
sampling to measure the finger position, even though the finger moved on equal terms and the user felt
the same haptic sensation. The importance of the force integration on the object motion acquisition is
described and a novel interprocess communication that cares about the force integration is proposed to
remove the influence of the sampling timing. The proposed haptic controller integrates the force given
from user to virtual world during the cycle of the world manager, and sends the information on the
integrated force to the world manager. The world manager updates the world with the information. A
simple experimental result shows that the proposed methods works well on dynamic and complex virtual
worlds.

1 Introduction space near the user’s finger into the intermediate
representation (e. g. some planes or primitives)
and sends them to the haptic controller. The hap-
tic controller generates the force that acts on the
user’s finger based on the intermediate represen-
tation with 1kHz. Although this generally works
well on condition that the virtual world is static,
goes wrong on dynamic virtual world. This paper
discusses the problem of the previous works and
proposes a novel interprocess communication be-
tween virtual world manager and haptic controller,
to make dynamic virtual world with haptic dis-
plays. A simple experimental result shows that the
proposed methods works well on dynamic and com-
plex virtual worlds.

High-speed refresh rate generally 1kHz is required
to present stiff virtual objects that have spring-
damper character with haptic display. Lonnie and
Wayne [1] reported that the update rate of 100Hz
for 6.7kN /m stiffness or 1kHz for 70kN/m is neces-
sary for stable operation. Chang and Colgate, using
a haptic display, made a two-dimensional virtual
world that consists of three fixed and four movable
objects with 1kHz updating [2]. The cycle (get-
ting finger position, updating virtual world, and
giving haptic sensation) is managed in the same
process. More complex virtual world that takes a
lot of computational time must make the refresh
rate low. The dividing of the process into two, to
manage virtual world with low update rate and
to control haptic display with high update rate,
has been proposed to make more complex world,
and interprocess communication between the world

2 Basic concept

2.1 Problem

manager and the haptic controller has been dis-
cussed (3][4][5]. With these previous works, the
world manager converts the local feature of the

Imagine that a finger flicks a movable virtual ob-
ject floated in the virtual world. The movement of
the object after the flicking depends on the timing



of sampling to measure the finger position. The
difference between Fig.1-A and Fig.1-B is sampling
timing (phase). The finger moves on equal terms.
The reflection forces, which act on the users, are
same in both cases. In the case of Fig.1- A, the
flicking is detected and the object moves. On the
other hand, in the case of Fig.1-B, the flicking is
not detected and the object does not move. We
call the instability caused by timing difference of
sampling ”influence of sampling timing” in this pa-
per.

A: The world manager FOUND the collision

Finger trajectory -
Virtual object

B: The world manager DIDN'T FIND the collision

Finger trajectory

Virtual object

. : Finger position sent to the world manager.

® : Finger position sampled by the haptic controller
to calculates output force.

Figure 1: The influence of coarse sampling

2.2 Object motion and force

integration This section describes the role of the
force integration to know the object motion.
Notation:

m: the mass of the object.

I: the matrix of inertia (3x3 matrix).

v: the velocity of the center of the gravity.
r: the position of the center of the gravity.
w: the anguler velocity of the object.

f: the force acts on the object.

p: the postion where f acts on.

Dynamics of a rigid body is represented by:

nd
dt —

I % =@p-r)xf
Integrate equation (1) from t to ¢t + At :

t+at g t+At
—dt =
/t m dtd /r, fdt

The velocity of the center of the gravity of the
object at the next update is:

v(t + At) = v(t) + % /Hdt fdt
t

Integrate equation (2) from ¢ to ¢ + At :

t+At t+At
/ 1% g = (p—r) x fdt

In this case, At is small and p and r are considered
to be constant.

Aw=I"Y((p—7) x / e fdt)

The angular velocity of the object at the next
update is:

t+dt
w(t+ At) = w(t) + I ((p 1) x / fdt)

The motion of the objects depend on the inte-
gration of the force.

2.3 Approach to solution

As described in the previous section, each force is
not important but the integrated force is impor-
tant to acquire the motion of the object. To re-
move the influence of the sampling timing, we pro-
pose a novel interprocess communication, between
the world manager and the haptic controller, which
cares about the force integration. Fig.?? shows the
difference between the previous and the proposed
interprocess communication. The proposed haptic
controller integrates the force given from user to
virtual world during the cycle of the world man-
ager, and sends the information on the integrated
force to the world manager. The world manager up-
dates the world with the information. The haptic



controller measures the finger position, gives hap-
tic sensation to the user, and integrates the force
given from the user to the world with the frequency
of 1kHz update. Fig.3 shows the effect of the pro-
posed method on the motion of tapped object.

Previous V.R. system
World manager

Haptic controlier
Low update rate (around 20Hz)
Find local feature from objects

High update rate (around 1000Hz
Local feature | Measure finger posifion
g Calculate force
Update world with position lq—Eosition _|

Proposed V.R. system

World manager
Low update rate (around 20Hz
Find local feature from objects

Haptic controlier
h up

Figure 2: Difference between previous and pro-
posed method
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Figure 3: The effect of the proposed method

3 Detail of whole system

3.1 Interprocess communication

The following shows the whole procedure of our
V.R. system (see Fig.4).

1. The haptic controller sends the information on
the finger position to the world manager.

2. The world manager prepares representing
planes (i. e. intermediate representation).

3. The world manager sends the information on
the planes to the haptic controller.

4. The haptic controller shows interpolated
planes that have spring-damper character to
the user and integrates the force given from
the user to the planes.

5. The haptic controller sends the information on
the integrated force back to the world man-
ager.

6. The world manager updates virtual world with
the information on the integrated force.

World manager

Haptic controller

Finger position

Find Planes

Crews

Represent planes
and integrate force

Integrated force

Add integrated force
then move objects

Figure 4: The influence of coarse sampling



3.2 Preparation of planes

The world manager prepares planes to inform the
haptic controller. The following is the procedure.

1. Find objects within a certain radius sphere
whose center is the finger.

2. On each object found by step 1, find the near-
est point from the finger (see Fig.4).

3. For each object found by step 1, find the plane
that goes through the point found by step 2
and faces to the finger (see Fig.4).

It is noted that the word ”plane” means the pair
of the point found at 2 and the normal found at 3.

2 Find the nearest point

e ..
& v

Nearest point
bject found at 1

3 Create plane

oint and Normal

Figure 5: Preparation of planes

3.3 Interpolation of planes

The haptic controller shows user linearly- interpo-
lated planes made from two planes that the world
manager updated currently and previously. This
makes continuous motion of the planes and gives
natural feeling. If the haptic controller renews the
plane crudely informed by the world manager, posi-
tion and normal of the plane can suddenly change
on a large scale and the surface can be felt chat-
tered.

3.4 Integration of force

During the cycle of the world manager, the haptic
controller integrates the force given from the user
to the world. The amount of the force given by the
user can be considered equivalent to the amount of
the force generated by the haptic controller, and the
direction of the forces is opposite. The procedure
of the integration is shown in the following.

The haptic controller does:

1. Calculate output force with spring-damper
model.

2. Add the current force given by the user onto
the force integrated till then.

When the world manager updates, the haptic con-
troller also dose:

1. Send the information on the integrated force
to the world manager.

2. Reset the integration of the force to the value
of the zero.

This procedure applies to each plane.

3.5 Procedures to update world

Notations:
At : the period of haptic controller updates.
T = k- At : the period of world manager updates.
v; : velocity of the center of the gravity
of the object #i.
w; : angular velocity of the object #i.
m : the mass of the object #i.
I : the matrix of inertia of the object #i.
P;(t) : the position of the plane #i.
N;(t) : the normal of the plane #i.
C(t) : the position of the finger.
F; : the integration of the force
from user to the plane #i.
fi(t)) : the force from the user to the plane #i.
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Figure 6: Notations

Procedure of the world manager:
Recieve F;, C(nT)
For each object update velocity:
vi(nT) = vi((n — 1)T) + fraclmF;,
wi(nT) = wi((n — 1)T)
+I7HC(nT) - Py((n - 1)T)) x F;
Update the position of all objects.
Find closest point of the object #i : P;(nT)
For each object calculat normal:
Ni(nT) = ECR=Rt

Send P;(nT) and N;(nT))

Procedure of the haptic controller:
Recieve P;(nT), N;(nT)
Fort =nTtot=(n+1)T — At
Get the finger position : C(t)
Interpolate Plane:
Pi(t) = 2L Py(nT)
+(1- SR (n - 1)T)
N;(t) = %N,ﬁ(nT)
+(1 - SET)Ny((n - 1)T)
Calculate force:
if ((C(t) — Pi(t)), Ni(t))N(¢t) > 0 then
fi(t) = (((C(t) — Pi(t), Nu(t)) Ni(t)
else f;(t) =0
Integrate force:
if t = nT then F; = fi(t)
else F; := F; + fi(t)
t:=t+ At
Send F; to the haptic controller.

3.6 Simulation results

Since the previous method transmitted inexact in-
tegration of the force with large influences of sam-
pling timing. Therefore, virtual objects accelerated
much for the user’s push in some cases, but did
not move at all by pushing strongly in the other

cases. A simulation that the user’s finger flicked a
virtual object was done to evaluate the difference
of the effect of the interprocess communication on
removing or existing of the influence of the sam-
pling timing. In Fig.7, we applied only intermedi-
ate representation in the case of A, and we apply
not only intermediate representation but also in-
tegration of the force in B. Both graphs showed
five doted lines that represented the motion of the
virtual object. The differences of these five dot-
ted lines were the sampling timing (phase) of the
world manager. The simulation result showed that
our proposed method, in case of B, which transmits
exact integration of force to the virtual world, had
less influence of sampling timing compared to the
previous method, in the case of A.

A: Tapped object's motion.
(Using only finger position for the calculation of the motion)
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(Using force integration for the calculation of motions)
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Figure 7: Simulation result



4 Experiment

4.1 Experimental system

An experimental system had been constructed.
The haptic interface used here was SPIDAR [6] us-
ing tensed strings. A PC with Pentium-II 300MHz
was used for managing world, controlling haptic in-
terface, and rendering computer graphics. The up-
date frequency of the world manager was 20Hz and
that of the haptic controller was 1000Hz. The hap-
tic controller showed 50 interpolated planes in a
period of the world manager. The stiffness of the
spring model was 2kN/m. The virtual world was
constructed with a three-dimensional physical sim-
ulator; the gravity, aerial resistance, and collisions
and frictions among the objects were taken in to
consider.

4.2 Experiment and results

An experiment had been carried out and showed
the effectiveness of the proposed method. The ex-
perimental task was as following. In the virtual
world, a cube of lkg was placed on a floor at the
distance scale of Ocm (Fig.8). Subjects were asked
to tap the cube once to move the cube to the dis-
tance scale of 30cm.

The experiment had to be done with two differ-
ent (proposed and previous) methods of force cal-
culation. Subjects completed the task with a cer-
tain method 30 times and with another method 30
times.

Fig.9 showed the position where the cube
stopped. It showed that with the proposed method
the subject could learn how to move the cube to the
correct position. But with the previous method he
could not. Table 1 showed the average of the square
error of the stop position from the 10th trial to the
30th trial. The result showed that the proposed
method obviously improved the correctness of the
operation.

5 Conclusion

A new scheme of haptic V.R. system was proposed.
In this scheme, the haptic controller integrated the
force from user to haptic interface and sent the in-
tegration of force to the world manager. It was

Virtual abject

Figure 8: The pitcure of the experimental task.
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Figure 9: The position where the cube stopped.

shown that proposed method removes the influ-
ence of sampling timing. An experiment was made
to check the effectiveness of the proposed method.
Results showed that proposed method improve the
correctness of the operation.

6 Future directions

6.1 Find the minimum update rate
for the world manager

In the experiment, when the update rate of the
world manager was dropped to 5Hz, the floor and
spheres were felt larger than their actual size.
This phenomenon occurred when world manager
used only planes as an intermediate representation
[3](4][5]. When the update rate of the world man-
ager was dropped to 10Hz the graphics of the world
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subject
method | A B C D
previous | 0.735 | 0.342 | 0.316 | 0.315
proposed | 0.134 | 0.098 | 0.172 | 0.159

Table 1: The deviation error of the stop position

m]. (+/% 3 (z-0.3)?)

moved shakily, but the sense of the touch and push
were tolerable. In this case, the graphics renderer
had to interpolate the position of objects tempo-
rally like the haptic controller did to show the con-
tinuous motion of objects. The tolerable update
rate of the world manager will depend on the vir-
tual world. We would like to research the relation
of the inertia of the virtual object and tolerable
update rate.

6.2 Reduce the influence of the delay

In proposed method, the velocity of the plane in
the haptic controller was constant in one period of
updates of the world manager. We might need to
change the velocity of the plane in the period to
reduce the influence of the delay. So that the plane
will have its velocity and mass. Then, the haptic
controller calculates the velocity of the plane in its
update. This method will also reduce the influence
of a nonregular update rate of the world manager.

6.3 Representation of friction

The haptic controller interpolates the position of
the plane. Because the position of the plane is a
point of the collision between the finger and the
object, the velocity of the position of the plane is
different from the velocity of the object, which is
expressed by the plane. Thus, the relative veloc-
ity from the object to the finger becomes necessary
to calculate the frictional force. To represent fric-
tion, the world manager must send also the velocity
of the object to the haptic controller. We had al-
ready loaded this idea and confirmed that the fric-
tion could be expressed.

6.4 Deformation of objects

There are some methods to deform a virtual object
using haptic interface. These methods deform an
object based on the overlap of the finger and the
object[7]. The proposed method could be able to
realize subtle deformations of objects by the defor-
mation based on the integrated force. Experiment
is to be carried out to support the idea.
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