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ABSTRACT

In the following article development of a 3D and VRML virtual hand models for different type of mechanical

gripper is shown. A 3D animation using Matlab Simulink is made. The tasks of forward and inverse kinematics are

considered with their equations in analytic and matrix form.
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INTRODUCTION

At present robotics, medicine and
nanotechnologies take central places in world science
researches. In the field of robotics study, the tasks for
development and control of complex manipulators take
central place. As an example of a such manipulator can
be considered a virtual robotic hand, which can be used
for development of human prosthesis, humanoid robots

and monitoring systems.
EXPERIMENTS

Development of a graphic 3D model with seven degrees of
freedom

The reason to start with a CAD model of the
hand is that in this model can be set geometric dimen-
sions between the axes in 3D dimension, dimensions
between separate bodies and documentation of any sepa-

rate detail of the model can be prepared. There is a
variety of software products for development of a 3D
graphic virtual hand model (Autocad, Proingeneer,
Archicad, Solid works). At Fig.1 is shown a model, cre-
ated by using Solid works. The main reason for using
this software product is that there is an opportunity to
convert the model in VRML (Virtual Reality Model
Language) format. The block for virtual reality in Matlab
Simulink program area is shown at Fig. 2. VRML for-
mat has a tree hierarchical structure and each compo-
nent in this tree is described by a separate tree brunch.
By indexing the main component of the tree model se-
lection of the needed tree components characteristics
can be done. As a result of this action there is an oppor-
tunity to change the surrounding area of the model in
time. It is possible, as an example, to create 3D anima-
tion in real computational time, which may not match
with the present real time if the model requires vastly
computational time for every loop [1].
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Fig. 1. Graphical 3D virtual hand model.
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Fig. 2. Virtual Reality Block in Matlab.

The software product Matlab is suitable for de-
velopment of different mechanical control systems in
Simulink, which are concerned about the force robot
part. In Simulink environment is intended a toolbox
for modeling of dynamic systems called Sim Mechan-
ics. This allows to the model to make animations by
complex mechanical system and on the base of calcula-
tions at the same time. The whole hand with 5 fingers
from the shoulder to the last finger phalange has 26
degrees of freedom — 3 in the shoulder articulation (ro-
tating around axes OX, OY and OZ), 1 in the elbow
articulation (rotating around axe OY), 3 in the hand
articulation (rotating around axes OX, OY and OZ) and
the rest degrees of freedom are in the wrist.
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Creating a 3D animations for different mechanical hand
gripper

After the 3D model is connected with Matlab
program area a 3D animation of different mechanical
hand gripper is made; the Simulink scheme is shown at
Fig. 3. 1. All kind of hand movements are presented as
a matrix and any different kind of movement is a row of
this matrix. For easy demonstrations of hand movements
there is a block with some mechanical switches. With
them a random row from the matrix can be chosen
manually and the result is realization of mechanical
movement (Fig. 3. 2). After the matrix multiplexing there
is a control system, including a gain, integrator and nega-
tive feedback. The gain is a proportional position regu-
lator with coefficient 1. The value of the gain sets the
value of feeding control error speed. After it there is an
integrator for simple dynamic model of translation pro-
cess. Next a demultiplexing device is shown, which sepa-
rates the signal to 7 seven signals. These signals are set
to the seven outputs of the model (kreuz_schulter_rot,
gabel_schulter_rot, elbogendreher etc). There are addi-
tional blocks for every model output, setting the rota-
tion axe in 3D space for each arm model output, shown
in square brackets. The first number is set for axe OX,
the second for axe OY and the third — for OZ axe. The
model animations of hand mechanical gripper for catch-
ing bodies with cylindrical shape and three fingers catch
are given at Fig. 4.1 and 4.2 respectively.

Rigid transformations

For the task of robots movements description
the possible positions of a rigid body is needed. In most
cases industrial robots are used for moving of objects
with solid mass and capacity from one place to another.
Based on this fact a way for description of any rigid
body subsequent position is needed. The rigid transfor-
mation is a suitable computational approximation for
description of any moving. Rigid body transformations
are characterized by the fact, that they preserve the dis-
tance between any two points in the body [2].

Rotations are rigid transformations, which do not
distort the size or shape of the body. In 3-dimentional
space a rotation can be presented by the following ma-
trixes:
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Fig. 3.2. Switches for different type of mechanical hand gripper realization.

Fig. 4.1. Gripper for catching bodies with cylindrical shape.

Fig. 4.2. Gripper for three fingers catch.
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where o is the rotation angle around axe OX, @ -
around axe OY and 6 — around axe OZ.

The entire rotation in 3D space can be described
my multiplying the rotation matrixes around each axe:
Rrot,=Rx Ry Rz,

Translations are also rigid transformations as they
preserve the distance between any pair of points. Trans-
lation matrix has the following form;

1 00 x
1 0 O
01 0f,
0 0 1
where x| is the length of the first hand model element
Forward kinematics

Kinematics is the study of possible movement

and configurations of a system, depending of the geo-
metric size of the system and defining the last link co-
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ordinates dependency of the changeable degrees of free-
dom [3, 4, 5].

The forward kinematics concerns the position and
orientation of the last link (end-effector) of the robot in
the terms of the joint variables. The developed model
has 7 degrees of freedom — 3 in the shoulder articula-
tion, 1 in the elbow articulation and 3 in the wrist. In
this article only 5 of these degrees of freedom are con-
sidered — 3 in the shoulder articulation, 1 in the elbow
articulation and 1 in the wrist.

The matrixes, describing the movement of the
mentioned above articulations, have the following form:

For the shoulder articulation:

cosp, —sSing,
R(¢,,k)=|sing, cosy,
0 0 1
cosp, 0 sing,
R(¢, )= 0 1 0
—-sing, 0 cosg,

1 0 0
R,(¢,,i)=/0 cosf, —sing,
0 snf, coso,

For the elbow articulation:

cosf, -—sinf, (1-coso,)l,
A (0,)=|sn6, coso, -sino, l;
0 0 1
For the wrist:
cosf, -—sinf, (1-cosh,).(,+1,)
A, (6,)=|sin6, coso, —-sing,.(I, +1,)
0 0 1

where 1 is the length of the armpit and 1, - the length of
the elbow.

(o, B, v, %, y,2) = K(, ,, ;,8,.0,) (1)
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where a, B, ¥ — axes angels in relatively coordinate sys-
tem; X, y, z — gripper coordinates in global coordinate
system.

The general equation for the forward kinematics
can be written in the analytic form below:

K(, 5 $9,,0,) = R (LR, GDR,GDA(8)AL0,)  (2)
Inverse kinematics

The inverse kinematics concerns the values of
joint angels if the position and orientation of the grip-
per has the desired values and the instant or initial po-
sition are known [1, 4]. This task has many solutions, so
finding the joint angels for each manipulator is a com-
plex iterative procedure. When stated mathematically,
the problem reduces to solving a system of multivariate
equations [2]. Essentially the following matrix equation
must be solved:

K(¢z’¢y,¢x’61’92) =
= R(¢,)R,(9,)R:(9,) A (6,) A, (6,) 3)

K is the constant matrix which specifies the po-
sition and orientation of the gripper. This constitutes a
set of highly non-linear equations for the joint angels

(bz ’¢y,¢x ’91’92 .
RESULTSAND DISCUSS ON

In this article the Newton-Raphson method is
applied for the 3D model with mentioned above 5 de-
grees of freedom. The main idea of this method is solv-
ing an equation with the following form:

f(x)=0 @
The iterative procedure for reaching a final deci-
sion is:
_ . f(x®
X(|+l):X|_ d( )
—f(x") ©)
dx

In our case the following equations can be writ-

ten

£,(6,..05) =0

f,(6,..85) =0 L f@)=0 ©
£,(6,..0,) = 0

Using the Tailor’s theorem we have:
f(6 +h)=f(6)+J(6).h

h=J7(0)f(6+h)

6 =99 -37%6")f(6") @)

where J is the Jacobean of the manipulator kinematics
matrix; h - error; @ - joint angle (vector of angels) rep-
resenting the solution of the inverse kinematics task
about the manipulators.

In this article for stop criteria is used the error
between the desired coordinates of end-effector and
current coordinates after joint angles calculation.

For desired coordinates is set the following vector:

The error is set to a value of 0.1 m for 132 itera-
tions. The lengths of the arm links have the following
values:

7 m for the link between shoulder articulation and el-
bow articulation;

5 m for the link between elbow articulation and the
wrist;

3 m for the wrist link.

The following joint angles are calculated as a fi-
nal result [0; 24,7; 116,6; 147,3; 75,8] , where
0° — for the first degree of freedom of the shoulder ar-
ticulation rotating around axe OZ;
24,7° - for the second degree of freedom of the shoulder
articulation rotating around axe OY;
116,6° - for the third degree of freedom of the shoulder
articulation rotating around axe OX;
147,3° - for the only degree of freedom of the elbow
articulation rotating around axe OY;
75,8° - for the degree of freedom of the wrist rotating
around axe OY.
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For these values of joint angles the following
coordinates of hand end-effector are calculated:

4.0745
0
—-4.936

The error is calculated by the following way:
Er=|Cd-Cd (8)

where

Er — error in relative dimension

Cd - desired coordinate around the respectively axe
Cc - current coordinate around the same axe

So, in this case the errors around axes OX, OY
and OZ have the following values:

Around axe OX: Er=|4-4.0745=00745n
Around axe OY: Er=|0-0=0m
Around axe OZ: Er=|-5—(~4.93§ =0064m

The only disadvantage of this method is that it
concerns no joint angles restrictions.

CONCLUSIONS
The question of development of three-dimen-
sional robot hand model with 5 degrees of freedom from

the shoulder to the wrist and 19 degrees of freedom in
the wrist is considered with it animations in the envi-
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ronment of Matlab. The attention is paid as to features
of importing CAD models in Matlab and their connec-
tion with Simulink environment, also to kinematics prob-
lems and a way of their solutions. All this gives oppor-
tunity to use Matlab for modeling of mechanical de-
vices, creating control systems by similar systems and
to modeling the mechanical behavior of the model.
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