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Conventional method and Proposed method
» Conventional recognition method
» Recognition based on joint angle data
Complex manipulation
- Slight variation in joint anglesisinvolved

» Proposed method
» Recognition based on contact state transition

Complex manipulation
- Wide variation in contact state is involved

»Outline of research
> Attaching atactile sensor sheet to manipulated object
» Detection of the contact position data from this sheet
> Recognition based on contact state transition on the
palm surface ¢

Attaching a tactile sensor sheet to manipulated
object
» Operation measurement system

CyberGlove:
Polhemus

Nitta 22 joint angle sensor
BIG-MAT

Polhemus (2 receivers) :
6DOF position/orientation sensor

Nitta BIG-MAT :
Pressure distribution sensor
Spatial resolution is5x 5 mm

» Attaching sensors directly to the object
- Detection of the precise contact points on the object surface
/ contact parts on the palm surface

Detection of precise contact points on the object
surface
» Image processing of contact data
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» Detect the contact area by each link of ahand
» Obtain the areas which include only one contact link ¢




Detection of contact parts on the palm surface

Projection of link model Contact parts on pam surface
Thumb and palm
Detected by comparing each link
and contact point on the object
Index-little finger
Detected by positional relationship
of contact points on the object
and by the angles of MP joints

Improved link model”

Recognition based on contact state transition

on the palm surface
» Grasping state

» All contact states
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Contact state transition diagram

» Nodes are connected
when the difference between
two statesis only 1 contact part
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» The continuous DP method
is used for measuring

Experiment

» Outline of experiment
> Five subjects
» Each task is conducted for 15 seconds
» Thelink model for each subject is developed in advance

» The model sequence is generated by calculating an average
pattern from measured data of all subjectsin advance

similarity
=P Model sequence
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Six tasks cylinder Demonstration -Task a and Task b
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(retracing the thumb)
Grasping states: Cutkosky [1990] ™

Iransition from heavy wrap to prismatic grasp

Transibion from prismalic grasp lo heavy wrap




Experimental result -Task aand Task b

> Graph of the output for each task
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Average recognition rates of five subjects

Perception rate [%)] -
Task ¢
807

- 20 Taskd REES]
Task ¢ 96.0 > Recognition rates of five subjects are high
Task d 85.3 » Individual variation is not observed
%0
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LEESE] Pillar axisrotation
(extending the thumb)

> Recognition rate of five subjectsis low

» Process of triadl & error for stabilizing
manipulation

» Finger motion pattern is not stable in every
execution
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Conclusion

» Measurement of contact position data
» Precise contact points on the object surface
/ parts on the palm surface

» Perception and recognition of manipulation based on
contact state transition
» Construction of the contact state transition diagram
» Experiment
» Average recognition rates of six tasks are 79.5%

» Future work

» Improving robustness against individual variation
» Optimal division of the palm surface
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Glove scan

Made by nitta Corp.




Target tasks

Manipulation of cylindrical object

Calculation of average pattern

— Optimul connection  7__} Difference in time

Difference in state
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Tasksa and b Conventional method and Proposed method

Transition from heavy wrap to prismatic grasp
&8 Transition from prismatic grasp to heavy wrap

These tasks are measured smultaneous!y by conducting one twk
after the other

» Conventional perception method
» Perception based on joint angle data
— Only perceives easy manipulations
(“pick and place”, “peg in hole”)

» Proposed Method
» Attaching atactile sensor sheet to manipulated object
» Detection of the contact position data from this sheet
» Perception based on contact state transition on the
palm surface

Complex manipulations are accompanied by frequent
variations in contact state »

Conventional method and Proposed method

» Conventional perception method
» Perception based on joint angle data
- Perceive only the easy manipulations
(“pick and place”, “peg in hole”)
» Proposed Method
» Attaching atactile sensor sheet to manipulated object
» Detection of the contact position data from this sheet
» Perception based on contact state transition
(on the palm surface)
» Advantage
» Precise contact position data
» Perception of the complex manipulations accom-
panied by afrequent variation in contact state =

Conclusion

» Measurement of the contact position data
» The precise contact points on the object surface
/ parts on the palm surface

> Perception of manipulation based on contact state
transition
» Construction of the contact state transition diagram
» Experiment
» Six tasks accompanied dextrous finger actionsis conducted
» The average perception rates of five tasks out of six was 87.8[%]
» Future work

» To perceive one task, the multiple model sequences are used
» An optimum partitioning of the palm surface for classification
» An automatic generating of the contact state transition diagram
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CyberGlove polhemus camera

L] CyberGlove VR
force feedback glove
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