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ABSTRACT: Recently, the demand for robot manipulators has been increasing so rapidly that their applications
have become used across a wide range of products for example, industrial, medical, military etc. Thus, a further
attention has been paid for their guidance and trajectories. As such, the selection of the optimal method of
trajectory calculation and its control of planar Robot Manipulator is a very important issue. This in turns can
enable the user to control on the required motion in the common space of robotic manipulator used to come to
the desired points within of its workspace. Furthermore, it can achieves the best trajectory for the robot
manipulator and provides a way satisfy the aims of the required working motion, including reducing time
interval, prevent obstacles collision, decreasing the path traveling economic cost and achieving robot
manipulator kinematic and dynamic constraints. This paper investigated the trajectory method called linear
segment with parabolic blend (LSPB), to describe the segments that connect initial, intermediate, and final
points at joint-space planning for a model of 2-link planar robot having two degrees of freedom. The control of
trajectory is achieved by using artificial neural network (ANN) controller. The results showed that the artificial
neural network control method presented good results to the required tasks according to the desired inputs with a
minimum error. The equations of system were solved by using differential equations available in MATLAB and
the model results are validated through simulation.
KEYWORDS: robot manipulators, trajectory, linear segment with parabolic blend (LSPB), Artificial Neural
Network (ANN).
INTRODUCTION
In recent times, the use of robot manipulators are spread widely in many industrial, medical, military, and
aerospace fields. This in turn can perform many difficult or fatigued tasks or which are dangerous to human life,
such as complicated welding, transportation, assembly and handling or in areas that contain radiations and
explosives i.e. working under complex and variable conditions. In this paper, the use of the robot arm in the
industrial field has been focused due to the industrialist interest in developing their factories significantly to
increase production, reduce costs, and improve product quality through the use of robot manipulators in leading
and ending all the stages of production operation [1].
Robotic manipulator is the computer-controlled machine consisting of a solid links connected in series by joints
of (prismatic or rotational), with one end of the chain is attached to the support base, while the other end is free
and connected to a tool for manipulating other things. The performance of the robot manipulators are
characterized by the accuracy, speed and reliability.
This research is aimed to find the solutions to the problem of completing the work assigned to the robotic arm at
the l east possible time and operating energy. In addition, to make the robot arm move within a good working
range contains an acceptable acceleration used to reduce the effect of dynamic forces which in turns reduce the
robotic arm vibrations and then give a high working precision. In order to obtain the best trajectory control, the
analytical and modeling techniques can be used through the deriving and using both equations for the forward
and inverse kinematic in the field of robot manipulator. Based on this method, the angles of the manipulator
joints are determined from the desired target which given in the Cartesian space.
The trajectory planning refers to how the robots move from one position to another in a controlled manner. It
may involve a line straight movements or sequential rotational movements, depending on the type of the
required works.
159

Design of planning Trajectory for the planar Robot Manipulator using Linear Segments method with Parabolic Blends (LSPB)

A literature survey was conducted to cover modelling, controlling and planning trajectory for the planar
manipulators from the previous work. This will also enhance a specific coordination with smooth sequence of
movements in a reasonable solution, and the ability to avoid obstacles in the manipulator's workspace which
represent the main tasks in this search [2]. The field trajectory planning for robot manipulators with control
systems has been studied for many years which literature included robot trajectory, industrial robots, hexapod
robot, mobile robots, and medical robots and so on. More recently, Kwanho [3] focused on trajectory control
field for a planar of two-link robot manipulator. The work explained the method of control adaptive of the hint
point in the serial link of robot model. Tokhi and Azad [4] discussed the modelling and kinematic analysis of
flexible manipulators and a proposed method of control was applied for the flexible manipulator. Another study
by William [5] described a careful analysis and design for the serial manipulators and good automatic control
systems were obtained. De Luca and Siciliano [6] provided the analysis of dynamic and kinematic approaches of
two-link manipulators. Moldoveanu et al. [7] described the method of the two-link robot manipulator control
trajectory by using the theory of variable structure.
Ata [8] presented a review of the various optimal techniques of trajectory planning control used for serial
manipulators. Karagulle and Malgache [9] studied the flexibility effect on the trajectory of two-link manipulator
using integrated computer-aided design techniques. Ayala and Coelho [10] described an algorithm used to
tuning the PID controller test having two DOF robot manipulator. Rymansaib et al. [11] used a series of timedelayed third-order exponential function to generate an approximation to the trapezoidal velocity profile of
LSPB. In this paper, LSPB trajectory method has been engaged to create a smooth trajectory which enables to
connect the initial, intermediate, and final point with the artificial neural network (ANN) to control on the jointspace of two link planar robot having two degrees of freedom without gripper.
MODELLING OF 2-LINK PLANAR MANIPULATOR
The model of 2-link robot manipulator is an electromechanical system using several of computer and control
units for the serial chains to support a single platform or end-effector.
Figure 1 shows the schematic description of the 2-link robot manipulator. Where (L1) and (L2) are the lengths
of links 1 and 2, θ1 and θ2 are the angles which are used to describe the joints rotation of the first and second link
joints respectively. All (Px) and (Py) pairs are the workspace of the robot manipulator that the robot is able to
reach. Both joints can rotate 360° and the workspace is basically a circle of radius (L1+L2), [12].

Figure 1. Tow link robot manipulator
Kinematic Analysis of 2-link robot manipulator
A Fully automatically operating of any robot system is required a mathematical model of kinematic analysis
which represents an inputs to the controller. It can be used in the processes of trajectory planning of the robotic
manipulators in addition to be considered a major step in its design. The objective of the kinematic analysis
process lies in the study of the robot movement based on the relationships of the geometric of the robotic links
with its joints.
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Kinematics is a science that studies the mechanical or machine movements without taking into consideration the
forces which cause the movement. This is basically allows many parameters are determine such as like the
position, rotation, displacement, velocity and acceleration of the given mechanical structure. Moreover, it can be
used to design engineering dimensions and operational range in accordance with specified specifications [13].
The major idea behind analysis kinematic is first, to define the joints (solid bodies) and joints (allow slip or
rotation) of the given mechanical structure and secondly to construct the kinematic (skeleton) corresponding
diagram, which is a geometric structure describing the connectivity of the links and joints. There are two
particulars of problems related to the robot manipulators kinematics:



Identify the problem solution of forward kinematic.
Identify the problem solution of inverse kinematic.

The two-link robotic manipulator which is shown in Fig. 1 has in the same plane two rotational degrees of
freedom (DOF). In the kinematic analysis processes of this system and in order to bring the final effector from
its initial Cartesian position to a random point in the Cartesian space, we need to find its relationship with the
joint angles θ1 and θ2. This can be performed in two ways, i.e forward kinematic and/or inverse kinematic
[12,13].
Forward kinematic Analysis of 2-link robot manipulator
Forward kinematics can be defined as the processes of calculation for the orientation and position of the
manipulator end effector in terms of the joint variables. Forward kinematics is the branch of kinematic science
which is used to solve the problem of positioning and orientation of the robot manipulator end effector to the
processor in terms of joint angles in the forward motility. The joint variable is given and the problem is finding
the position of the end effector. Thus, in order to get on the forward kinematics for a robot mechanism in a
systematic manner, it should be used a suitable kinematics model [14].
There are several methods which can be used to calculate the forward kinematics. However, the DenavitHertenberg convention i.e (D-H) convention is the most common method used for describing and calculating the
forward kinematic of the robot manipulator. In this method, four parameters should be defined, depending on
each mechanism. These parameters have been selected to use the homogeneous transformation matrix. In this
analysis, it is possible to work with homogeneous primary transformation processes [15].In this paper; the
parameters of 2-link robot manipulator planar are shown in Table 1. The generalized form of homogenous
transformation matrix can be expressed as in equation (1).
𝑐𝑐𝜃𝜃𝑖𝑖

𝑠𝑠𝜃𝜃𝑖𝑖 𝑐𝑐𝛼𝛼𝑖𝑖−1
𝑖𝑖−1
𝑖𝑖𝑇𝑇 =�
𝑠𝑠𝜃𝜃𝑖𝑖 𝑠𝑠𝛼𝛼𝑖𝑖−1
0

−𝑠𝑠𝜃𝜃𝑖𝑖
𝑐𝑐𝜃𝜃𝑖𝑖 𝑐𝑐𝛼𝛼𝑖𝑖−1
𝑐𝑐𝜃𝜃𝑖𝑖 𝑠𝑠𝛼𝛼𝑖𝑖−1
0

0
−𝑠𝑠𝛼𝛼𝑖𝑖−1
𝑐𝑐𝛼𝛼𝑖𝑖−1
0

𝑎𝑎𝑖𝑖−1
−𝑠𝑠𝛼𝛼𝑖𝑖−1 𝑑𝑑𝑖𝑖
�
𝑐𝑐𝛼𝛼𝑖𝑖−1 𝑑𝑑𝑖𝑖
1

(1)

where:
𝐶𝐶1 = cos(𝜃𝜃1 ) , 𝑆𝑆1 = sin(𝜃𝜃1 ) , 𝑆𝑆2 = sin(𝜃𝜃2 ) and 𝐶𝐶2 = cos(𝜃𝜃2 )

From table (1) which shown D-H parameters, the overall transformation matrix was derived:
𝑇𝑇20 =𝑇𝑇10 𝑇𝑇21

(2)

Table 1. Parameters of (D-H) method for the 2 – link manipulator
Link
1
2

ai
L1
L2

𝛼𝛼𝑖𝑖
0
o

By using: 𝐶𝐶1 = cos(𝜃𝜃1 ) , 𝑆𝑆1 = sin(𝜃𝜃1 ) , 𝑆𝑆2 = sin(𝜃𝜃2 ) and 𝐶𝐶2 = cos(𝜃𝜃2 )
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For First Link:
𝑐𝑐1
𝑠𝑠
𝑇𝑇10 =� 1
0
0

−𝑠𝑠1
𝑐𝑐1
0
0

0
0
0
0

𝐿𝐿1 𝑐𝑐1
𝐿𝐿1 𝑠𝑠1
�
0
1

𝑐𝑐2

−𝑠𝑠2
𝑐𝑐2
0
0

0
0
0
0

𝐿𝐿2 𝑐𝑐2
𝐿𝐿2 𝑠𝑠2
�
0
1

For Second Link:

𝑠𝑠
𝑇𝑇21 =� 2
0
0

(3)

(4)

Then, by substituting equations (2) and (3) in equation (1), the overall transformation matrix of the robot
manipulator is obtained:
𝑐𝑐12
𝑠𝑠
𝑇𝑇20 = � 12
0
0

−𝑠𝑠12
𝑐𝑐12
0
0

0
0
1
0

𝑐𝑐12 𝐿𝐿2 + 𝑐𝑐1 𝐿𝐿1
𝑠𝑠12 𝐿𝐿2 + 𝑠𝑠1 𝐿𝐿1
�
0
1

(5)

For a 2 DOF plane robot manipulator (Px & Py) are the coordinates task, the forward kinematic equations can be
obtained as the last column elements as follows [16]:
𝑃𝑃𝑥𝑥 = 𝐿𝐿1 cos 𝜃𝜃1 + 𝐿𝐿2 cos(𝜃𝜃1 + 𝜃𝜃2 )

(6)

𝑃𝑃𝑦𝑦 = 𝐿𝐿1 sin 𝜃𝜃1 + 𝐿𝐿2 sin(𝜃𝜃1 + 𝜃𝜃2 )

(7)

Inverse kinematic Analysis of 2-link robot manipulator

Inverse kinematics is the other branch of the kinematic science and the process of calculating and analyzing the
inverse kinematics is the opposite of calculating and analyzing forward kinematics. It can be considered
computationally complex and generally take a very long time to control in the real time of robot manipulators.
In this process, the values of orientation and position of the robot manipulators end effector were given and the
goal is to find the joint variables which needed to bring the end effector to the required site [17].
Generally, there are two solution approaches namely, algebraic and geometric which can be used for analytically
and solution the inverse kinematics. In this paper the algebraic method was proposed and used. The following
are the equations of algebraic method [17,18]:
𝜃𝜃2 = ±𝑎𝑎 tan

sin 𝜃𝜃2
cos 𝜃𝜃2

cos(𝜃𝜃2 ) =

1
(𝑃𝑃2 + 𝑃𝑃𝑌𝑌2 − 𝐿𝐿21 − 𝐿𝐿22 )
2𝐿𝐿1 𝐿𝐿2 𝑋𝑋

𝜃𝜃1 = 𝑎𝑎 tan

𝑆𝑆2
𝐶𝐶2

(8)
(9)

sin(𝜃𝜃2 ) = ± �1 − cos 𝜃𝜃22

𝑆𝑆1 =

(11)

(𝐿𝐿1 + 𝐿𝐿2 𝐶𝐶2 )𝑃𝑃𝑦𝑦 − 𝐿𝐿2 𝑆𝑆2 𝑃𝑃𝑥𝑥

where:
𝐶𝐶1 =

(10)

(12)

𝐿𝐿21 + 𝐿𝐿22 + 2𝐿𝐿1 𝐿𝐿2 𝐶𝐶2

𝑃𝑃𝑥𝑥 + 𝐿𝐿2 𝑆𝑆1 𝑆𝑆2
𝐿𝐿1 + 𝐿𝐿2 𝐶𝐶2

(13)
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TRAJECTORY METHOD OF LINEAR SEGMENTS WITH PARABOLIC BLENDS (LSPB)
The process of selection a robot manipulator trajectory depends on several criteria, but in the field of industrial
application the most widely used criterion is the minimum time criterion where the robot manipulator arm
travels through the given path in the shortest possible time. This technique is important to reduce the time of
production and consumed energy and then will cause increase the profit from production. The trajectory refers
to a time history of velocity, position and acceleration for each degree of freedom of robot manipulator.
In this paper, the planning trajectory for each joint is developed for the 2-link robot manipulator by using
trajectory method of Linear Segment with Parabolic Blend (LSPB). In this method, the trajectory in the each
joint space is comprised of the three segments, which used for generating and check the paths trajectories of
robot manipulator. The concentration of algorithm was clear on the simple integration into existing systems and
compatibility of the robot manipulator interfaces of users [8].
In the LSPB method, the description of robot manipulator trajectory was by means of a quadratic slice in the
joint space, which is used to calculate the pseudo-waypoints and mix the radius of the linear sections with an
equivalent mix path (LSPB path), is described. Hence, in order to have more motion control in the robot. Thus,
in order to obtain a more control of movement in the robot, the trajectory planning of each joint in the joint
space is developed using Linear Segment with Parabolic Blend (LSPB) method. This method makes them
relatively easy to implement, tune, and validate against requirements such as position, speed, and acceleration
limits, as described in following equations [8,19]:
𝑎𝑎
𝑞𝑞𝑜𝑜 + 𝑡𝑡 2
⎧
2
⎪𝑞𝑞 + 𝑞𝑞 − 𝑉𝑉𝑡𝑡
𝑓𝑓
𝑜𝑜
𝑓𝑓
+ 𝑉𝑉𝑉𝑉
𝑞𝑞(𝑡𝑡) =
2
⎨
2
𝑎𝑎𝑡𝑡𝑓𝑓
𝑎𝑎
⎪
𝑞𝑞
−
+ 𝑎𝑎𝑡𝑡𝑓𝑓 𝑡𝑡 − 𝑡𝑡 2
𝑓𝑓
⎩
2
2

0 ≤ 𝑡𝑡 ≤ 𝑡𝑡𝑏𝑏

𝑡𝑡𝑏𝑏 < 𝑡𝑡 ≤ 𝑡𝑡𝑓𝑓 − 𝑡𝑡𝑏𝑏

(14)

𝑡𝑡𝑓𝑓 − 𝑡𝑡𝑏𝑏 < 𝑡𝑡 ≤ 𝑡𝑡𝑓𝑓

This gives upon solving for the blend time tb

𝑡𝑡𝑏𝑏 =

𝑞𝑞𝑜𝑜 − 𝑞𝑞𝑓𝑓 + 𝑉𝑉𝑡𝑡𝑓𝑓
𝑉𝑉

(15)

Therefore, the required trajectory between 0 and tb is given by:

𝑞𝑞(𝑡𝑡) = 𝑞𝑞𝑜𝑜 +

𝑉𝑉 2
𝛼𝛼
𝑡𝑡 = 𝑞𝑞𝑜𝑜 + 𝑡𝑡 2
2𝑡𝑡𝑏𝑏
2

(16)

𝑉𝑉
𝑡𝑡 = 𝛼𝛼𝑡𝑡
𝑡𝑡𝑏𝑏
𝑉𝑉
𝑞𝑞̈ (𝑡𝑡) = = 𝛼𝛼
𝑡𝑡𝑏𝑏
𝑞𝑞̇ (𝑡𝑡) =

(17)
(18)

Where (α) denotes the acceleration.
ARTIFICIAL NEURAL NETWORKS (ANN)
The Artificial Neural Networks (ANN) has emerged as the robust learning technique capable of performing
difficult tasks in complex nonlinear dynamic environments and its name takes from their similarity of the
biological neurons of the human brain in the terms of work and design. The Artificial neurons normally use to
solve the problems of artificial intelligence (AI), because it have good advantages like the learning ability based
on improve of proper error function and excellent performance of nonlinear function approximation. In addition,
its ability to perform nonlinear mapping between the input and output space due to its large parallel interconnection between different layers and the nonlinear processing characteristics. Basically, the artificial neuron
consists of an element of computing performs sum weighted of the input signal and connecting weight in which
the connections of the biological neuron are modeled as weights. The sum is added with alignment or threshold
then the resultant signal is passed through a nonlinear function of sigmoid or hyperbolic tangent type. For the
structural view of the Neural Networks (NN), the structural may possibol single layer or it possibol multilayer.
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In the case of multilayer structure, there is one or two or many artificial neurons in each layer and for a practical
case there may be a number of layers and in the one layer every neuron of this layer connected to each and every
neuron of the next layer.
The Design and mathematical model of Artificial Neural Network
After understanding the operational behavior and biological structure of the neuron which is described in the
previous section that’s led to development simple of artificial neuron mathematical model for that emulates the
strategy working of biological neuron. The neural networks are made up of several simple elements called
artificial neurons. Therefore, artificial neurons can be considered the basic unit of neural networks, where it
simulates the essential functions of the natural neurons, but the artificial neurons are simpler than the biological
neuron. The neurons are grouped in the form of layers, input layer consist of neurons that can receive the input
form external environment and output layer consists of neurons that can communicate the output system to the
external environment or user [20]. Artificial neurons layer called a perceptron or in sometimes called
(connectionist). Figure (2) represents the general graph notation that represents the mathematical model of
neurons that receive a number of inputs and produce a single output.

Figure 2. Shows general graphical notation of a neuron
The ability of self-adapting, learning with the super-fast computing features of artificial neural network makes it
well suited for precision control operations in robotic applications in general and especially in trajectories
control. In process of learning, the neural network can adjust its structure such that it will be able to follow the
supervisor. The learning process repeated until the difference between network output and the supervisor is very
small. In this paper the presented problem based on the Optimized design and prediction using a multi-layered
neural network architecture (MLFFNN) and the new learning algorithm for used model was developed in three
stages; first stage is modeling, second stage is training and third stage is testing [21].
The model which used in this paper was designed to involve: the input layer (p) for elements processing
(neurons) corresponding to the (p) input parameters and an output layer of the one element of processing
(neuron) as target. One layer of hidden (h) of processing elements was selected according the nature and
requirements of the problem as shown in Figure 3.
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Figure 3. Multi-layer feed-forward neural network (MLFFNN) architecture for the present work
For realistically determine the number of processing elements for the hidden layer of the neural network for this
work, the following equation is used.
h=p

(19)

where:
h = Number of nodes in hidden layer.
p = Number of nodes in input layer.
Basically the neuron determain the sum of its the inputs weighted, and subtracts the threshold from sum, after
that transfers these results by a function. This relation can be explained mathematically as shown in equation
(20).
Y=f (net)

(20)

And
𝐻𝐻

𝑛𝑛𝑛𝑛𝑛𝑛 = �

ℎ=1

𝑤𝑤ℎ 𝑥𝑥𝑝𝑝

(21)

where:
Y= neuron output,
wh = associated weight with the input of p,
h = the nodes number in hidden layer = {1, 2 . . . . H}.
xp = the input units.
f =the transformation function.
The neurons depend on each other via connections weighted. Where these weights constitute the force of the
influence between neurons. The basic function of hidden layer is to remember and extract the useful features
and the sub features from the input patterns to predict the outcome of the network. The characteristics of the
activation function are very important because through it, behavior of the network model is determined and the
activation function has many effects such as, if applied additionally, it may cause these quantities (i.e. the target
values) to fall below the minimum or rise above the upper bound. The approved function of the current
completion time estimation problem was a linear function, which can be given by the equation (22).
Linear function = c × net

(22)

where:
c = neuron gain.
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After the network has been modeled and structured to achieve required trajectory for robot manipulator, then
network now is ready for training process. To starting this process, initial weights are chosen randomly. Then,
the training, or learning, begins. To starting this process, randomly initial weights are chosen. And then, the
process of training, or learning, begins. In neural networks, there are two approach methods used to training:
supervised training and unsupervised training. The supervised training method includes a mechanism, which
can be used to provide the network with the required outputs. This is either by manually "grading" the network's
performance or by providing the desired output with the inputs. As for the method of unsupervised training is
where the network has to make sense of the inputs without any outside help. The network then processes the
input and compares its output against the desired output. The faults are then propagated again through the
system, causing the system to set the weights controlling the network. This process happens over and over as the
weights are constantly adjusted. The dataset that enables training is called a 'training set'. During network
training, the same data set is processed multiple times as the connection weights are refined. In the present work,
supervised learning method is used to learn multi-layer feed-forward neural network (MLFFNN) because, the
inputs and the output of (ANN) are known. When implementing ANNs, an important issue that must be resolved
is that of determining which training procedure to adopt. In this work, a supervised learning algorithm is applied
for neural network learning. The steps which used to train the neural network in present work to find the best
matrix with the lowest value of completion time are explained and summarized as follows [21,22]:
The first step: The input units (xp), where (p = 1, 2 , 3 ….. P); receive input signal Up.
Xp(k) = Up(k)

(23)

The second step: The weight of interconnection (𝑊𝑊𝑝𝑝𝑥𝑥𝑥𝑥 )of input-hidden layer have to be assumed (1) for each
connection.
The third step: Calculate the hidden layer outputs (Xh) by use the following mathematical model:
p

xh = ∑p=1 Wpxu .xp

(24)

Where:
xh = the nodes outputs of hidden layer,
xp = input layer nodes,
p = nodes number in input layer = {1,2 ,3. . . P},
𝑊𝑊𝑝𝑝𝑥𝑥𝑥𝑥 = weight of interconnection for input- hidden layer.
𝑦𝑦𝑦𝑦

The fourth step: The weight of interconnection (𝑊𝑊ℎ ) for hidden-output layer assumed as below [20,21]:




𝑦𝑦𝑦𝑦

For the smallest value (𝑊𝑊ℎ = 1)
𝑦𝑦𝑦𝑦

For the other values ( 𝑊𝑊ℎ =0)

The last step: Calculate output of output layer (Y) by use the equation below:
𝑦𝑦𝑦𝑦

𝑌𝑌 = ∑𝐻𝐻
ℎ=1 𝑊𝑊ℎ .𝑥𝑥ℎ

(25)

where:
Y = the output of output layer (output of network),
Xh= hidden layer outputs,
p = nodes number in hidden layer = {1,2 ,3. . . H},
𝑦𝑦𝑦𝑦
𝑊𝑊ℎ = weight of interconnection for output- hidden layer.

Structure of robot manipulator control system using neural network
The working in this paper can provide a solution for the 2 DOF robot manipulator trajectory problems based on
the techniques of artificial neural network with the super-fast computing features. For this work, the feedforward multi-layer perceptron with back propagation neural network (MLFFNN) is selected. The solution for
problems of trajectory for the robot manipulator is developed by training the neural network with the robot
manipulator Cartesian coordinates at base frame and its corresponding joint configurations. Where the neural
networks are trained such that the error of trajectory (e) converge to zero. Where the error of trajectory (e)
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represents the value of desired trajectory minus the actual measured value of trajectory .The training data set for
ANN was obtained in the MATLAB environment from the relations and mathematical models that are listed
earlier. Figure (4) show the diagram of the neural network system which it driven by the error of the neural
network system [23].

Figure 4. Diagram of neural network control system with the trajectory error input being of the neural network.
where:
𝜽𝜽𝒕𝒕 : The planned displacement for the joint trajectory,
𝜽𝜽̇𝒕𝒕 : The planned velocity for the joint trajectory,

𝜽𝜽: The actual displacement for the joint trajectory,

𝜽𝜽̇: The actual velocity for the joint trajectory,
u: Input control signal of the neural network controller.

RESULTS AND DISCUSSION
In this paper, the proposed method was tested and implemented by using Matlab program which is used to
generate the trajectory of the robot manipulator for each joint, with a complex proposed map and has a limited
range from (-2to 2) m for the both (x-y) dimensions.
The control strategy in the MATLAB environment is an artificial neural network (ANN) system that is used to
optimize the selection of control parameters which based on the error value for the optimal robot manipulator
trajectory. The parameters which given in Table 2, was used during the simulation. At the first, analyzed the
proposed environment for the links and joint movements, which was computed by using equations of kinematics
(forward &inverse) that which was mentioned in detail in paragraph (2.1) related to kinematics analysis.
Table 2. Input parameters for the trajectory of robot
No
1
2
3
4

Input parameters of trajectory
Length of Link No.1
Length of Link No.2
Mass of Link No.1
Mass of Link No.2

Parameters value
L1= 1 m
L2= 1 m
M1= 1.2 Kg
M2= 1.2 Kg

Results are displayed which obtained from simulation process in Matlab during the controller (ANN) working to
optimization the robot trajectory from initial position to final position, in different positions and instances of
times. Which requires detection and prevention of collision with obstacles. Where collision is detected by
finding points of intersection of links and obstacles and then increasing the joint displacement. Figure (5) shows
the result of simulation for maximum trajectory for 2-DOF robot manipulator mechanism in the XY plane,
where all joints of robot manipulator are free rotate 3600. Figure (6), shows all the desirable positions of the
robot's manipulator trajectory from the initial to the final positions, which each robot joint should follow
according to its required description, in other hand the figure (7) present the curve of velocity and the figure (8)
the curve of acceleration to realize a good trajectory to reach to final.
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Figure 5. Trajectory generation between initial and final position in the XY plane.

Figure 6. Positions of the robot's manipulator trajectory from the initial to the final position
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Figure 7. Velocities of the robot's manipulator trajectory from the initial to the final positions

Figure 8. Acceleration of the robot's manipulator trajectory from the initial to the final positions
CONCLUSION
The trajectory of 2 DOF planar robot manipulator has been studied in this work in details. The paper dealt with
two analyses of planar robot manipulator i.e. forward kinematics and inverse kinematics as well as the
workspace and total Cartesian trajectory. In order to solve the problems of improving optimal trajectory of the
robot manipulator, (LSPB) trajectory method was proposed. This method is based on the artificial neural
network to generate a smooth valid trajectories which passes through specified path points and can satisfy the
velocity and acceleration constraints of physical and mechanical to the robot manipulator. As such, the
increasing in the velocity of linear portions compensates the error that occur due to inserting a parabolic part.
Thus, the correction of velocity was used to obtain on very close values to the optimal solution. This has been
led to reduce the iterations number which used to obtain the optimum solution. The results showed that the
proposed method is good and efficient especially for avoiding the collision with obstacles and it has been
implemented with a minimum possible time and without exceeded the maximum torque.
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