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Abstract:
· non-anthropomorphic robot hand
· actively driven rollers located at the fingertips
· unbounded rotation of a grasped object without the need for finger gaiting

I. INTRODUCTION
1. A taxonomy for evaluating the dexterity requirements for an array of grasping tasks is presented in [1]
[image: ]
[image: ]

[image: ]
2. a century of robotic hands
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3. evolutionary history:  1985 – 2019 - 2020
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4. Configuration & Motion
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5. Kinematics Analysis
[image: ]
6. Experiments
A. manipulation
	
B. Grasping
C. Limitations
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Fig. 14 Within-hand manipulation of objects: (a) object in grasped position at the center of the jaw, (b) manipu-
lation along the x-axis by actuating driver sheaves, (c) manipulation along the y-axis by changing the stroke length
of the linear servo, (d) close-up view of y-axis translation, and (e) opening or closing of a bottle
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—
. Motorized roller assembly

. Parallelogram link 1
. Parallelogram link 2

. Parallelogram ground link
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. Parallelogram driven link
6. Roller pivoting servomotor
7. Intermediate link

8. Dynamixel servo motor

Fig. 2. Modular roller finger in the vertical configuration (left) and
horizontal configuration (right). Locations of joint axes are shown in red.
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1. Distal end cap

2. Distal ball bearing

3. Plastic roller cylinder 7. Micro gearmotor with encoder
4. Rubber roller surface 8. Proximal ball bearing

5. Motor shaft hub 9. Motor support coupler

6. Motor torsional support  10. Proximal end cap

Fig. 3. Motorized roller assembly exploded view. Parts 3-5 and the outer
race of 2 and 8 rotate with C;, the others are fixed with B; (B; and C;
defined in Fig. 4)
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TABLE 1T

SPHERE MANIPULATION DOF VS. ROLLER PIVOT ANGLE

["Roller Config. Translation Rotation |
1 2 [ 3 [ Tx Ty [Tz Rx Ry Rz |
H{H | x|[7 7 7
VIV x| vay | v Vrx |V
P|P|x v
viv| g v | Ry || V12
vivi|v v v
H|H|H v

Notes: (1) All directions arc relative fo frame G. (2) V. means
05, /.4, = 0°: H means |03, .4, | = 90°; P means synchronously
pivoting between H and V7 and x means the finger is not used. (3)
Subscripts of ¢ indicate coupled motion and specify its nature.
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Roller configurations for spherical object manipulation
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TABLE IV
REFERENCE FRAME TRANSFORMATIONS
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Fig. 1. Human manipulation taxonomy. Manipulation tasks are classified based on several criteria defined in section IILA. Representative examples arc

provided for each leaf of the tree.
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Fig. 2. Dexterous manipulation sub-categorization. Tasks are further
classified by their principal axis of motion.
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