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OBJECT GRASPING USING MULTI-FINGER DEVICES
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Abstract: The first part of the paper presents a reduced human hand model, considered an arborescent robot whose geometry is described using the Khalil-Kleinfinger notation. Then a systemic presentation of the ways in which human hand can grasp and manipulate objects, in order to accomplish a command strategy of dexterous grasping devices, is done. Based on the above elements, some considerations are presented, regarding: the classification of grasped objects in different classes; the establishing of some characteristics which enable the identification of the class, position and orientation of objects; the determination of the grasping solution using neuronal networks, based on a lot of cases previously stored. 
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1. INTRODUCTION

The increase of flexibility of grasping devices in robotics implies the use of more fingers, constructed with more links, having as ideal model the human hand. These devices with a great number of links imply complex control systems, in order to ensure the adequate movements of all cinematic links and to prevent unnatural hand posture. Object micromanipulation using anthropomorphic grasping devices is based on the study of the human hand motions.

In this sense, the first part of the paper presents a reduced human hand model, considered an arborescent robot whose geometry is described using the Khalil-Kleinfinger notation. 

Then a systemic presentation of the ways in which human hand can grasp and manipulate objects, in order to accomplish a command strategy of dextrous grasping devices, is done.

Based on the above elements, some considerations are presented regarding:

· the classification of grasped objects in different classes;

· the establishing of some characteristics which enable the identification of the class, position and orientation of objects;

· the determination of the grasping solution using neuronal networks, based on a lot of cases previously stored.

2. KINEMATICS OF THE HUMAN HAND

Composed of bones, muscles, cartilage and tendons and connected to the wrist by the palm, the human hand has a total of twenty-one degrees of freedom [2]. Each digit, except the thumb, has 4 DOF - two at the connection with the palm, one at the end of the first finger part and one at the end of the second part. The thumb is very dexterous and therefore more complicated, because a large part of the thumb seems to be part of the palm of the hand and a workable model approximates a real human thumb as a manipulator with 5 DOF. The hand is driven by approximately 40 muscles Some of them are located in the hand, but the majority of heavy lifting muscles lie in the forearm and are connected to the joints in the hand through tendons.

A systematic and automatic modeling of the human hand requires an adequate method to describe a finger’s geometry. The most widely used is the Denavit-Hartenberg notation. This method is suitable for open chains, but presents ambiguities if applied to closed or arborescent cinematic structures. Therefore, the authors have used the Khalil-Kleinfinger method in order to describe, with a minimum number of parameters and in a homogeneous way, the geometry of the human hand [1].

Khalil-Kleifinger method

Khalil and Kleinfinger proposed a new notation, derived from that of Denavit-Hartenberg, which can take into account the arborescent and closed cinematic chains. Following conventions are imposed:

· the bodies are supposed to be rigid and they are connected by ideal, prismatic or rotation joints;

· the zj axis of the frame Rj is the axis of joint j;

· [image: image3.emf]parameters defining the frame Rj in terms of the previous frame, have j indices.

Figure1: Notations for an arborescent structure

An arborescent structure consists of n+1 bodies, n joints and m end-effectors. By convention, the bodies and the joints are numbered in the following way (fig.1):

· the body C0 is the base, being fixed;

· the numbers of the bodies and of the joints increase along each branch, starting from the base to the end-effector;

· joint j connects the body Cj to the body Ca(j), which is prior to Cj if the chain is crossed from the base.

The system’s topology is completely defined by knowing the antecedents a(j) for each body. The frames are placed in the following way:

· Rj is fixed to the body Cj;

· Axis zj is the axis of the joint.

For a simple cinematic chain, which has no arborescence, things are similar to the Denavit-Hartenberg method: if i=a(j), xi is the common perpendicular to zi and zj and the transformation between frames Ri and Rj is defined by the four parameters ((j, dj, (j, rj). If the body Ci carries more than one body, the bodies Cj and Ck, for instance, xi has to be chosen on one of the common perpendicular lines of zi and zj, or zi and zk axes. A suggestion is to choose xi axis relative to the chain, which carries the main end-effector, or relative to the longest chain, regarding the number of bodies. If xi is the common perpendicular line to zi and zj, the passing from Ri to Rj is like for simple chains. If xi is the common perpendicular line to zi and another axis zk, other two parameters have to be introduced: the angle between xi and the common perpendicular line to zi and zj axes, denominated xi’, arround zi ((j) and the distance between xi and xi’ along zi ((j). 


Figure 2: Khalil-Kleinfinger convention for the human hand mechanical model

Some aspects of the use of the Khalil-Kleinfinger convention for the human hand model is presented in fig.2. The detailed calculus of all corresponding transformation matrices and of the direct and inverse kinematics for all five fingers have been developed for a simplified model presented in figure 2, considering only 2 DOF for the thumb and taking into account the influence between the movements of finger segments.

This model is useful only for multi-finger hands, which enable the measure of the position of the finger segments, with adequate sensors. 
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Figure 3: Hand of Salisbury

A model of a hand with 3 fingers, each with 3 DOFs is presented in figure 3. Each finger is controlled with two motors.  Steel cables are used to transmit the motions. Encoders mounted on the motor shaft enable the calculus of positions and velocities in the finger joints. There are other remarkable multi-finger hands, which use artificial muscles (Utah/MIT hand) or Shape-Memory Alloys– actuators (Hitachi hand) to move the fingers. Due to the fact that in such cases the measure of movements in the joints is more difficult, touch sensors seem to be more suitable for sensing the contact between the finger and the grasped object. In both cases the problem which must be solved is how fingers have to move, in order to grasp an object properly.          

3. GRASP SOLUTIONS FOR OBJECT TYPES

The previous chapter has detailed the great number of degrees of freedom, human hand owns, respectively 24 for the presented model: 4x4 for the four fingers, 5 for the thumb and 3 for the hand. Due to this great dexterity, the search space of possible grasp positions for a given object is enormously large, so it would be very time consuming to find a correct and natural grasp by simply searching all these possibilities. When only considering finger-object contact types, the number of possible contacts is extremely large. Salisbury has shown that a hand with five three-linked fingers may touch a ball in 840 ways.

Human beings solve this problem due to training and life-long experience stored in the brain’s knowledge base, which involve at least two major features [2]:

· Object identification process and classification of 3D objects in primitive object types: block, sphere, cylinder, cone, pyramid etc. Objects are compared with different primitive types by looking at dimensions, volume, center of gravity, holes and cavities, orientation. Once a primitive is identified, some attributes are estimated.

· When a specific grasping task is to be carried out, the motion is influenced by the high-level goal that leads to the grasping motion. A cylindrical bottle should be grasped in different ways, depending on whether one wishes to fill it, to empty it or to put it into a box. A hammer should be grasped differently depending on whether one wishes to pound a nail in or pull a nail out.

There are, on the other hand, some important properties regarding human beings tendency to grasp objects [2]:

· Humans tend to pick up objects with the fingers placed on opposite faces. This makes sense physically, because in this way the forces that the fingers need to exert on the object in order to obtain a stable grasp is probably less than the forces needed when grasping the object in any other way;

· In the process of human grasping, the thumb almost always takes part in the grasp. Grasps without the thumb are very rare and they don’t look natural. When picking up an object using opposite faces, the thumb is placed on one face of the object and the other fingers that take part in the grasp are placed on the opposite face.

4. OBJECT RECOGNITION

Taking into account the considerations presented in the previous chapter, grasping objects with artificial multi-finger devices implies:

· Learning (training) the grasping positions of the fingers for a lot of model object types, with different dimensions, positions and orientations;

· Recognition of a certain scene object, of his position and orientation, in order to classify it as close as possible to a model object.

Some of the most powerful tools for solving such problems are represented by neural networks, due to three remarkable capabilities:

· Capacity of learning, as result of training on a data set;

· Capacity of generalizing, that means to give correct answers even for inputs they have not been trained for, but which are close enough to those known;

· Capacity of synthesizing, that means to decide about disturbed patterns.

The use of neural networks for grasping command imply 3-D recognition of objects and the extraction of some representative characteristics from the objects images, as inputs for the network. Recognizing 3-D objects, using computer vision, is indeed, a very difficult task. More methods have been world-wide developed and tested; the authors of this paper found a suitable method for their purposes in [3], respectively describing and recognizing 3-D objects using surface properties.

This recognition system implies multi-view surface models. Each model consists of several views (2 to 6), taken so that most of the significant surfaces of the models are contained in at least one of the views, because:

· Volume description are very hard to compute from a single view;

· Curve or pixel level description are less rich than surface description;

· A detailed model representation may require help from the user and cannot be automatically computed from range images.

The characteristics used to compute the differences between each model view M and scene object S are:

· The number of nodes;

· The number of planar nodes;

· The visible 3-D area of the largest node.

From the views of different representative surfaces of an object, other characteristics, such as dimensions, position, orientation can be determined.

5.  CONCLUSION

Grasping with multi/finger devices is a difficult task, involving complex devices, with adequate actuators and sensors. The solutions need intelligence, in order to recognize the manipulated object and to choose the proper grasping strategy. Neural networks seem to be an adequate tool in this sense. 

The author’s concerns are directed to solve recognition and classification of 2-D objects, as a step for extending the research to 3-D objects. The MATLAB module for neural network are used for testing some network architectures with one layer of multiple neurons, both perceptron models and models with linear transfer functions, with the Widrow-Hoff learning rule.   

REFERENCES

[1] 
Dumitru,A., Zamfira, C-S., Brădău, B.: Considerations Recarding Object Grasping Using Multi-Finger Devices, microCAD 2000, Miskolc, February 2000.

[2] 
Rijpkema, h.; Girard, m.: Computer Animation of Knowledge-Based Human Grasping, Computer Graphics, Volume 25, No.4, July 1991, p.339-348.

[3] 
Fan, T.J.: Describing and Recognizing 3-D Objects Using Surface Properties, Springer-Verlag, 1990, p.55-72.

[4] 
Lee, M.H.: Intelligente Roboter, VCH Verlag, 1991, p.61-75.
[5] 
MATLAB: Neural Network Toolbox User’s Guide, MATWORKS Inc., Massachusetts, 1992.

� EMBED Word.Picture.8  ���





��



1st International Conference


(Computational Mechanics and Virtual Engineering (


COMEC 2005


20 – 22 October 2005, Brasov, Romania�
�






















































xIe1





xIIe1





xII3





xII2





xIIa1





y0





x0





xI2





xIa1





xI3





zIIa1





z0





zII3





zII2





zIIe1





zIa1





zI2





zIe1





Ck+3





Ck





Ck+2





Ck+1





Cn





C1





C0





zk+1





zk+3





zk+2





z1











PAGE  
5

_1076395638.doc
[image: image1.png]






