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Abstract—The paper presents the realization of a geometrical
model of the RV-2AJ robotic arm built by Mitsubishi using the
CAD environment SolidWorks. The geometrical modelling was
done according to the robots dimensions and without putting in
virtual model the parts that don’t have a major influence in his
kinematics; like screws, nuts or wires. The robots arm
kinematics where then resolved and its schematics where
presented. The direct kinematic problem, that shows how to
calculate the position of the end-effector when the angles in the
structures joins are known, is then presented with his equations.
Also the inverse kinematics problem is resolved and the
calculations that were made to obtain the equations are
presented. The model was then exported from the geometrical
modelling environment to Matlab, were its behaviour was
simulated and was visualized in a virtual reality environment.
To simulate the robots arm behaviour various types of inputs
where used to control the virtual model movement. These
control signals will be changed from implemented predefined
curves, and signals that are generated by external devices. The
external device that was used to obtain the control signal was a
normal computers joystick.

. INTRODUCTION

Industrial robots are essential components of today’s
factory and even more for the factories of the future. The
demand for the use of robots stems from the potential for
flexible, intelligent machines that can perform tasks in a
repetitive manner at acceptable cost and quality levels.

Integration of man in the process is essential for a rapid
setup, programming and robot system maintenance. Three
elements of the controller are important for effective human
integration: human input / output devices, giving the operator
the information available in graphical form, and modes of
operation that include human interaction. Some robots have
teleoperated type entries devices, which allow manual input
commands for coordinated movement. They are extremely
useful in the learning of positions stage. Graphic interfaces
available on some industrial robots are very effective for
transmitting information to the operator quickly and
efficiently.

A graphic interface is important for applications that
require frequent programming and configuration changes.
There are several software programs from third-party
suppliers, which are very useful for off-line programming.
These systems use computer models of commercially

available robots to simulate the motion trajectory and provide
fast programming functions. In this article is presented the
modelling and model control of the RV-2AJ robot. The
geometrical modelling is done in SolidWorks and the
simulation and the control of the model is done in Matlab/
Simulink.

1. ROBOT KINEMATICS

In the study of any mechanical structures stand kinematics
analysis. This analysis helps to understand the mechanical
system, allowing the development of further studies or
applications. For the kinematics analysis the schematization
of the structure and the calculation of direct and inverse
problem, based on the structure and its dimensions, is needed.
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Fig.1 Kinematics scheme

A. Direct kinematics problem (DKP)

If the origin of the coordinates system is identical with the
point A on the robotic arm, then the following equations are
used to determine the positions of the end-effector, meaning
the point E.



X =cos(6,)-[AB-cos(8,) + BC-cos(8;) + (CD + DE) - cos(6,)]
Y =sin(4,)-[AB-cos(6,) + BC-cos(8;) + (CD + DE) - cos(6,)] 1)
Z =O0A+AB*sin(6,) + BC*sin(8,) + (CD + DE) *sin(6,)
To make the calculations the angles 01, 62, 63, 684 and 05 is
assumed to be known, and the length of OA, AB, BC, CD

and DE are also know, thus the size of components robotic
arm are:

OA=297.5 mm AB=250 mm
BC=160 mm CD=65.3mm
DE=79.3 mm

B. Inverse kinematics problem (IKP)

The inverse problem involves the calculation of each angle
of the robot arm knowing the position and orientation of the
end-effector. In this case is they are represented by the point
E coordinates and the DE element orientation. The entry data
will be so XE, YE, ZE, 65 and the outputs will be 61, 62, 063,
04. The formulas used to calculate the angles in the joints are
presented below:
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0, = atan( Z ) )
AB’
DD’ =1, *sin(6, +6,) (6)
D'B=I,*cos(é, +6,) (7
AD'=AB-D'B=AB-I,*cos(6; +6,) 8)
AD = ,/(DD')? + (AD')? )
AD = AB? +1,2 2% AB*1, *cos(6, +0,) (10)
AC=l, (11)
CD=l, (12)
C
02'
A 61" 83' D
CD2=AC? + AD? - AC*AD*c0s(A) (13)

Using (12) for calculating every angle we obtain:



p— 12 +1.>+ AB? —2AB*I_ *cos(d; +6, ) -1, (14)
21, (/ AB? +1,2 —2AB*1, *cos(0; +0,))
, 2 2_ 2_ 2 *| *
6, acos l,"+1," 1" — AB*+2AB*|. *cos(6, +6,) (15)
21,1,
, 2 2 2 * _ 2
0. —acos I,"+1,"+ AB*—2AB*|,*cos(6,+6,)—I, (16)
21,(\/AB? +1.2—2AB*I, *cos (6, +0,))
In conclusion the resulting angles will be:
0, = acos(Yj A7)
X
0,=0, +91’ +acos( bD j (18)
AD
0, =0, (19)
’ DD’ .
6, =0, +acos[ D j+ (90° -6, -46,) (20)

The last angle can be found subtracting 61, 02, 63, 684 from
5400,

1. MODELING AND SIMULATING THE ROBOT ARM

A.  Geometric Modelling with SolidWorks

First a virtual geometric model was built using the real
dimensions of the robot. As modelling environmental a CAD
program “SolidWorks” was used. Each of the robotic arm
parts was modelled individually, ignoring the smaller parts
that do not significantly affect the dynamics of the robot, to
facilitate the calculations. If that had been shaped it would
have been difficult to calculate the dynamics because that
simulation requires too much processing power for a normal
PC. Thus were shaped 7 of the robotic arm elements and they
were named to facilitate future operations, as follows: base,
shoulder, 1 arm, 2 arm, 3 arm, flange and end-effector. After
modelling, the individual components have been assembled
into a single file. After entering the parts, the rotation joints
of the robot have been introduced in the model. Also when
virtual assembling the robot, beside the normal constrains, the
elements where put in a vertical position. This position was
adopted to facilitate the following steps; the assembled
position is regarded as the reference, and all the variations of
the joints angles are calculated according to this position. The
resulting model is presented in Fig.4.

B.  Simulation of the model

For simulating the robot the program Matlab was used. The
geometrical model has been exported from SolidWorks by
saving it in “*.xml" format, and then imported in Matlab. By
doing this the file will be converted, thus generating a
dynamic model which will be analyzed and controlled. By

converting it the robot arm will be represented by blocks for
each element and each joint, blocks that are connected
according to the structure of the robot. The outputs of the
blocks, representing parts, actually transmit the positions and
orientations of the elements coordinates systems that are
related to the global coordinates system. These coordinates
systems have identical values for the pairs of values that enter
in the same joint. In addition to these outputs for each
element they can be attached others systems of coordinates.
This operation of attaching coordinates system will be used
later to make a virtual image of the robot.

Blocks representing the rotation joints have, at the
beginning, two entries for each element which that they
connect. Also in addition to these, the operator can add
additional ports, which can be chosen as inputs or outputs for
sensors or actuators. Although this robotic arm has only
rotation joints similarly may be introduced, if necessary, any
type of connection (translation, plane, spherical, universal),
thus allowing the building of any type of configuration and to
modify it.

The model generated by Matlab is presented in Fig. 5. To
build a virtual reality in Matlab we used the “Virtual Reality
Toolbox" module. This was made by exporting the model
form SolidWorks, by saving it with the “*.wrl” extension.

Fig. 4 The geometrical model of the robot



Then the file was edited using the VRealm Builder. After
that a new block was added to Matlab model which is used to
visualize the model. Also in here the simulation can be
recorded in a video. This block has as inputs the variation of
elements positions and orientation. To obtain these variations
the blocks presented in the Fig. 6 are used. These body sensor
are attached to each parts of the robot arm and their outputs
are transmitted to the virtual reality block.
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Fig. 5 The robot model generated by Matlab
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Fig. 6 Body sensor block

The next step involves controlling the robots motions,
meaning controlling the structure joints. Sensors will also be
added for each joint. By controlling the robot joints they will
become actuators of which parameters can be controlled. This
is achieved by adding an additional port to the joints blocks.
At this port will connect a block called "Joint Actuator”,
which controls the movement or the force/moment of the
actuator. After these operations these operations the model
will look like in the Fig. 7.

Fig. 7 A part of the robot model equipped with sensors and actuators

C.  Motion control of the model

For controlling the robot the equations of the inverse
problem are put in an embedded function block that
calculates the angular positions of the joints. This block also
limit’s the positions that are outside the robot working range.
In case that such a position is introduced as an input the
output will be a position nearest to these inputs. The code that
has been writhed in this block begins whit a statement that
sets the name of the block, the input variable and the output
variable:
function [t1,t2,t3,t4,t5p]= fcn(x,y,z,t5)

The limitations that where added consist in limiting the
argument of the asin and acos functions as follow:
if mi>1
ml=1;
else
end
if ml<-1
ml=-1;
else
end

The resulting code in the embedded function block is:

function [t1,t2,t3,t4,t5p]= fcn(x,y,z,t5)
14=70;
ABi=sqrt(x"2+y"2);
71=z-297.5;
tz=atan(z1/ABi);
AB=ABi/cos(tz);
dd=I4*sin(t5+tz);
ad=sqrt(14"2+AB"2-2*AB*|4*cos(t5+tz));
m1=( 36900+ad"2)/(2*250*ad);
if mi>1

ml=1;
else
end
if mi<-1

ml=-1;
else
end
tlp=acos(ml);
m2=(88100-ad"2)/(500*160);
if m2>1

m2=1;
else
end
if m2<-1

m2=-1;
else
end
t2p=acos(m2);
m3=(-36900+ad"2)/(320*ad);
if m3>1

m3=1,;
else



end
if m3<-1

m3=-1,
else
end
t3p=acos(m3);
tl = atan2(-y,-X);
m5=dd/ad;
if m5>1

m5=1,;
else
end
if m5<-1

m5=-1,
else
end
t2=tz+t1p-+asin(m5)+pi/2;
t2=-12;
t3=t2p;
t5p=t5-1z;
t4=t3p-t5+acos(m5)+pi/2-tz;

These values are then processed so that they can be used as
inputs for the joints actuators blocks. The making of signal
consists in obtaining for each joint a control signal consisting
in the position, speed and acceleration of the actuator. These
signals are created by deriving the position and then deriving
the speed resulted. The blocks that are used to make this are
presented in Fig. 8
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Fig. 8 Signal building for actuator blocks

Beside this the signals where limited so that their values do
not exceed the angles that the real robot can achieve. The
values that joints of the real robot can reach are presented
below:

e Actuator1: -150°,+150°
e Actuator2: -60°,120°
e Actuator3: -110°,+120°
e Actuator4: -90°,90°

e Actuator5: -200°, +200°

The block that enters these limitations and constructs the
signal for the motion control is presented in Fig. 9

Fig. 9 Signal processing block

The signal processing block also adds or subtracts, where is
needed, because of the differences between the reference
system that is use in the calculating the inverse cinematic and
the reference position that the virtual model has.

As inputs sources for the block that calculates the inverse
cinematic, meaning X, Y, Z and 05, it was used two methods.
The first was using a user defined block that generated a
specific trajectory (circle, square, spiral etc.). The second way
was an interactive method that consists in using a joystick to
control it. The signal from the joystick where filtered,
amplified use and then to control the speed of the end-effector
for each axe, and his orientation. The blocks that do that are
illustrated in the Fig. 10.

Beside these blocks it was added to the model a virtual
scope to better visualize the trajectory of the end effector.
These results where compared with the input signals to verify
the model. In this case the input signals and the position of
the end-effector are identical at all time, because the actuators
are considered to be ideal. This means that they move
instantly to the command signals and they don’t need time to
reach the commanded position and orientation.
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Fig. 10 System use to collect and use joysticks as inputs
IVV. CONCLUSION
The need of serial robots is very high due to their large

workspace and high speed. Because there is such a large
variety of models and the high prices the need for their



simulation has increased. The simulation process reduces the
costs of testing and makes later control to much easier. Using
simulated models in the designing faze makes the observation
of the advantages and disadvantages, of a certain model, to be
much more easy. The modifications on a structure made in a
virtual environment can be very easily parameterized and the
differences that appear can be visualized to be analyzed. The
visualization in a virtual reality of the robot model it is very
useful in the early stages of design, because it helps to
understand better the processes that are simulated.

The virtual simulation of the robot is also the first step in
actually controlling the mechanical structure. With the
simulation, the control signals that are going to be used to
physically control the robot can be obtained. Also the control
algorithm that is going to be used to achieve the desired speed
and precision is going to be implemented in the simulation.
The input signals that are going to be use for controlling to
command the way the robot moves are going to be also
processed in the simulation. These signals can come from an
external device connected to the computer, a joystick,
keyboard, mouse or any other peripheral device. Also in
the simulation other types of signal can be processed. For
example a video processing block can be introduced in
Matlab. This block will analyze the signals received from a
video camera and following a predefined algorithm will
generate the movement trajectory and the control signal for
the robot so that the necessary operations to be successfully
executed
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