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Transferring Haptic Information in Manipulating Elastic
Objects.”

Hirotsugu Minowa

Abstract

Recently, Haptic information, especially feedback force, in manipulating objects
is desired to be transferred and to be shared with other people in various fields.

A physician can choose among wide options of treatments accroding to haptic
infomation, such as stiffness and shape objtained through palpation. The haptic
infomation is different from visual sensation, where it is not transmitable and
recordable onto intangible mediums like video tapes. Therefore, the development
of a method to transmit haptic infomation beyond the limitation of time and
space is desired.

The teleoperative surgical assistant robots like "da Vinci” and ”Zeus” work
effectively in surgeries that requires minimum movements because they can con-
vert surgeon’s manipulations to minimum operations. However, "da Vinci” and
"Zeus” can not provide the operator with the force reflected from surgucal tools
in contact with elastic objects. Therefore, these systems have an assignment to
provide the operator with the applicable force converted from microscale force
that is reflected from surgical tools beyond space.

In the practice of tracheal intubation for emergency airway treatment, a trainee
practices manipulation following the preceptor’s example. Nevertheless, the trainee
cannot perceive the force from which the preceptor perceived in his manipulation
because the preceptor cannot communicate the haptic infomation to the trainee
in the traditional way. The tracheal intubation is accomplished in various situa-
tions during rest after stuperfaction and dangerous situations in treacheal injury
and tampered drink. If VR simulator system could transmit the recorded force
from the preceptor to the trainee beyond the limitation of time, trainees could
learn from the preceptor’s skills effectively through it.

This study proposes methods to transfer haptic information in manipulating
elastic objects like soft tissue and organs occurred at different time or in dif-
ferent place. First, the manipulation of traditional optical tweezers, which do
not provide any force feedback to the operator is focused. The study developed
transferring methods of haptic infomation obtained in manipulating micro-order
objects like cells beyond the limitation of time. The advanced optical tweezer sys-
tem allows the operator to perceive realistic haptic feedback by calculating and
enhancing force based on real-time image processing and physics-based modeling
techniques. Secondly, several methods to transfer force acquired in manipulating
elastic objects to other persons at different time are developed. The methods
record operation results in virtual space as time series of 3D position, and repro-
duce them as supportive visual cue when other persons operate the virtual elastic
objects. Some experiments demonstrated that the examinees traced recorded tra-
jectory accurately and were able to perceive realistic haptic feedback from elastic
objects.

*Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of In-
formation Science, Nara Institute of Science and Technology, NAIST-IS-DD0461038, February
9, 2007.
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10,000 Hz

1
H
?
6 5.000 —10,000 Hz: The bandwidth over which the hu- ]
s man finger needs to sense vibration during skillful
. manipulative tasks. !
b )
320 Hz: The bandwidth beyond which the human fin-
gers cannot discriminate two consecutive force input
1,000 Hz signals.
I
]
b}

) r——= 20— 30 Hz: The minimum bandwidth with which the
human finger demands the force input signals to be
present for meaningful perception.

£

* 12—16 Hz: The bandwidth beyond which the human ]
fingers cannot correct their grasping forces if the

grasped object slips.

4

8— 12 Hz: The bandwidth beyond which the human fin-
ger cannot correct for its positional disturbances.

I 11100

[

‘1
102 : 5— 10 Hz: The maximum bandwidth with which the hu
? man finger can aply force and motion commands )
6 comfortably .
s
4
’ 4‘
2 I—2 Hz: The maximum bandwidth with which the hu- |
f— man finger can react to unexpected force/position
ra— signals. |
1Hz | 1

0 2 Human finger sensing and control bandwidth. Adapted from Shimoga
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PHANToM DESKTOP

oooo 6.4W x 4.8H x 4.8D inches

160W x 120H x 120D mm

ooooooo 1100 dpi
0.023 mm

oooood 0.06 N
ooooo 79N
ooooooo 1.75 N
00 | X axis>1.86 N/mm Y axis>2.35 N/mm

Z axis>1.48 N/mm

0o <45 g

ooooo 0143 x 184 mm
ogoooao X,V,7Z
ooooood X, v, z(digital encoders)
OO0D0O000oOoooo Pitch, roll, yaw(x 3%)
ooooooo Parallel port
ooooooon Intel-based PCs
00 2900g
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CyberGrasp CyberForce
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Public Domain Haptics Software Libraries

Date Library Name Publisher Domain
1997 | LHX][11] 0ooQ Public

1997 | ArmLib[11] University of North Carolina Public

1997 | CyberImpact[11] Cybernet Systems Corporation | Public

2000 | HSIib[12] 00000000000 Public

2001 | e-Touch (Beta)[11] Novint Public

2002 | GHOST SDK]|11] SensAble Technologies, Inc. Commercial
2003 | Reachin API[11] Reachin Commercial
2004 | Springhead (Beta)[11] | ODO0OO0DOO Public

2004 | OpenHaptics Toolkit[11] | SensAble Technologies, Inc. Commercial
2004 | CHAI 3DJ[11] Siena-univ., Stanford-univ., EPFL | Public

2004 | MVLI[5] 00O0oo Public

2005 | H3D API[11] SenseGraphics Public

04 0D000O0O0DOO0ODOO0ODOO0

000000000000 OpenHaptics Toolkit(2.3.10 )0 O 0O MVL(Medical
Virtual reality Library)(2.3.20)0000000
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2.3.2 MVL(Medical Virtual reality Library)
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Laser beam focused by a lens Laser beam focused by a lens

B ——

Later State

Particle's center
floats up to
laser focus

Trapped

Fop

-

===2 Radiation pressure force X A particle should be dielectric.
exerted by refraction

Fis the sum of all force F, ~ F,,.

3¢ Laser has Gaussian distribution

X Refractive index of particle
should be larger than surrounding
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Rated Excursion®* max. | £ 20degrees peak-to-peak

Rotor Inertia 0.028gm-cm?
Angular Stiffness 0.02Nm/rad
Wobble* <50 p rad peak-to-peak

Typical Step Response® | 0.5ms @ 1° and
(settle to 1% of step) 0.9ms @ 40 °

Typical Raster Speed 250Hz

Scanning Axes Two,” X7 and" Y~

Input Voltage, max. + 3V, each* X” and“ Y~
* Angular specifications in term of optical deflection.
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Akxg + Bkyo = Ck(k’ 2 3)
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n = Coefficient of the medium
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r = Radius of the spherical object

v = Kinetic velocity of object
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