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Abstract - Trajectory control is an important step in deciding the workspace of any robotic manipulator. Algorithms were 

developed to predict the trajectory of a specific configuration of the manipulator. In this paper, an adaptive mathematical 

model is developed to trace the trajectory followed by a general robotic manipulator consisting only revolute and prismatic 

joints. Different factors like the number of links, assignment of frames to manipulator have been discussed which have an 

impact on the performance of the model. All the simulations are performed on MATLAB.  Equations for position, velocity, and 

acceleration of for general manipulator have been developed and discussed. Different cases have been studied and compared. 

All the simulation results are verified and validated using theoretical equations. 
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I. INTRODUCTION 

 

Robotic manipulators have been widely used all over 

the world and they have been accepted by all types of 

industries. Their structure and workspace [1] differ 

from each other depending on the application they are 

performed. While controlling the manipulator it 

becomes necessary to predict their trajectory to avoid 

objects in-between the path. The accuracy and speed 

of algorithm are more or less inversely proportional to 

each other. In some areas, the speed is more important 

for example to shift cargo while in some applications 

precision in determining the position of an end effector 

for the case of placing electronic components on 

board. Different approaches had been made for 

trajectory control. Xiaolun Shi and R.G. Fenton [2] 

developed a general method to solve the forward 

kinematics problem for platform-type manipulators. 

Zhao-Hui Jiang [3] used neural networks controller for 

trajectory control. This approach eliminates the 

unintentional errors, which emerges while designing, 

and fabrication. Similarly, B Heimann, Z. A. Rahman 

[4] for real-time prediction of position, uses ANN 

(Artificial Neural Network). The main advantages 

behind machine learning are their accuracy in 

prediction of position and their adaptive behavior for a 

real-world environment. In this paper, a mathematical 

model is developed which is based on frame 

transformation equations for the Cartesian space. 

Different approaches have been used previously to 

predict the path followed by a manipulator but none of 

them focused for a general case. Here, an algorithm is 

developed for the general robotic manipulators. 

Difference performance factors like complexity of 

manipulator, DOF (Degree of Freedom), the 

methodology used to assign reference frames on links 

of manipulators have been discussed. The 

mathematical model is developed in MATLAB 

software and all the simulations are performed on 

MATLAB. The model also predicts some kinematic 

parameters of the links like velocity and acceleration 

which can help us in solving the force control 

problems. The main advantage of this model is that the 

speed of processing is very high as compared to 

previous works which used the neural network [3] 

approach to solving the same problems. Also, the 

computational energy is very less which means it can 

be used in real run time. The simulation of the 

mathematical model gives us the different plots in 2D 

space for planar manipulators (Fig. 1) and 3D space 

for non-planar manipulators (Fig. 2) and then the 

equations for position formed are compared with 

theoretical expressions given by John J. Craig [5]. 

Performance of different cases like 2 links linear 

manipulator, Unimation PUMA 560 and the 

Yasukawa Motoman L-3 have been studied. All the 

simulation results are validated.  

 

II. METHODOLOGY 

 

The algorithm is developed using OOP (Object 

Oriented Programming). OOP has many advantages 

over other programming languages as this is used to 

store data in an organized and efficient way which 

helps in segregating the parameters of every link as a 

separate object. The functions performing operations 

and iterations on link parameters [5] can be 

categorized according to their purpose. In this way, 

any changes are possible in the algorithm without 

interfering the rest of the flow of the process. This 

approach helps to continue the work with ease and 

manipulate all the work by changing the parameters or 

functions only. Due to the general behavior of the 

mathematical model, it was very hard to store data 

dynamically. As matrixes of large dimensions utilized 

more computational memory to process so using 

objects of data is very effective to group all the similar 

data together and performing operations only on the 

particular object rather than the complete matrix. 

Objects are the instances of custom classes which store 

the different matrices such as position matrix, rotation 

matrix. This helps us to use the right data at the right 
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time. Computational energy is saved by implementing 

multiple loops to iterate the equations, a single loop is 

created to perform all the iterations of transformation 

matrices, velocity analysis, and acceleration analysis. 

A 3D matrix is created to store all the coordinates and 

then plotted with the help of Plot3 function of 

MATLAB plot tool to obtain continuous lines which 

represent the path traced. The mathematical equations 

are used to find out the positions and orientation of 

each link with respect to the reference frame 

(stationary/ground frame). As we know 4 parameters 

[5] are sufficient to define the state (position and 

orientation) of each frame associated with a link of the 

manipulator with respect to a reference frame 

associated with the previous link. The parameters are 

defined as follows: 

 

• ai = link length (distance between two 

neighboring joint axes of the link) 

• αi = link twist (angle between two neighboring 

joint axes of the link) 

• di = link offset 

• θi = joint angle 

 

Assigning frames to each link can be done with the 

methods suggested by John J. Craig [5].  The 

transformation matrix that defines frame {i} relative to 

the frame {i-1} is given by 

 

 Ti
i−1 =  

cosθi −sinθi 0 ai−1

sinθicosαi−1 cosθicosαi−1 −sinαi−1 −sinαi−1di

sinθisinαi−1 cosθisinαi−1 cosαi−1 cosαi−1di

0 0 0 1

 

 (1) 

 

Where 
i-1

Tiis Homogeneous Transformation matrix 

which can also be described as a combination of 

rotational matrix and position matrix. Rotation matrix 

[6] is defined as a 3x3 matrix, which defines the 

orientation of one frame with respect to the reference 

frame (stationary or mobile). Similarly, the position 

matrix is a 3x1 vector, which defines the position of 

one frame with respect to the reference frame. The 

relation between rotational matrix, position matrix, 

and Homogeneous Transformation Matrix is given in 

eq. (2). 

T =   Ri
i−1 Pi

i−1

0 1
 i

i−1   (2) 

By Comparing Eq. (1) and (2), a relation between 

position matrix and link parameters. Eq. (3) gives the 

position of origin of frame {i} with respect to frame 

{i-1}. Position matrix is independent of the joint 

angle. 

P =   

ai−1

− sin αi−1 di

cos αi−1 di

 i
i−1   (3) 

 

Once the link frames have been defined and the 

corresponding link parameters are found, the 

homogeneous transformation matrices for each link 

can be obtained using eq. (1). To relate frame {n} to 

ground (stationary) frame {0}, the individual 

transformation matrices can be multiplied together in 

sequence to change its local reference frame to a base 

frame. In addition, the resultant will be a function of n 

joint variables. 

T =  T T T3
2 …… Tn−1

n−2
2
1 Tn

n−1
1
0

n
0 (4) 

 

However, this type of 4x4-matrix multiplication is 

more computationally expensive because the time 

consumed in the multiplication of zeros and ones is 

wasteful. So rather than multiplying the 4 x 4 matrix, 

there is an alternative approach for the same result. Eq. 

(5) relates frame {C} to frame {A} where RC
B and 

PC
B are the rotational and position matrix for frame {C} 

with respect to frame {B}. The number of 

multiplications and additions required for 

multiplication of two 4 x 4 matrix are 64 and 48 and 

with the help of eq. (5) the number of multiplications 

and additions required are 36 and 27 which are almost 

half [5]. 

 

T =   RB
A RC

B RB
A PC

B +  PB
A

0 1
 C

A (5) 

 

Multiple iterations had been performed from selected 

frame up-to first frame to find out the equation for the 

position of origin. Once the equations are known the 

path traced by each frame of reference can be 

calculated by substituting the values of joint variables 

in the equation. A complete trajectory of the 

manipulator can be plotted in n-dimensional space 

where n is the number of joint variables. 

 

While considering the trajectory of a body, equation of 

motions plays an important role in determining the 

time and motions constrains. For the given initial and 

final rotation of the joint, the total estimated time (T) 

taken by each joint can be calculated with the help of 

eq. (6) to eq. (8). 

 

t =
  4ω2+8 θf−θ i θ −2ω 

2α
 (6) 

 

 θt=k =  θi  +  ωt +
θtk

2 

2
   (7) 

Where, 

tk =  
Tmax

j
+ tk−1 (8) 

 

Here θfandθiare final and initial angles of R joint, tk is 

time after the k
th

iteration, ω is angular velocity and θ   is 
angular acceleration. The maximum time (Tmax-

)calculated is selected from the data set and divided 

into equally spaced j number of time steps. The 

iterations are performed on the above equation until all 

the joints are reached to their θf. The precision of the 

path traced can be control by manipulating the number 

of time steps. The division of time into a number of 

small-time steps improve the accuracy of the path 

obtained but simultaneously the number of iterations 
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will be increased and so the run time of the program too. 

The Cartesian coordinates of each frame can be 

calculated for each time step by substituting the joint 

angle obtained from eq. (7) in the equation of position. 

When the collected data is plotted against time in 

4-dimensional space a complete trajectory of the 

manipulator is obtained. However, due to the 

restriction of 3D space, the coordinates are plotted in 

MATLAB using a plot tool. The same approach can be 

used to trace the path in case of prismatic joints.  

 

To obtain the velocity and acceleration of each joint, 

John J. Craig [5] discussed manipulator dynamics and 

gave the equations in the iterative form. Eq. (9) to eq. 

(16) are the equations for the prismatic and revolute 

joint. 

 

For prismatic joint: 

ωi+1
i+1 =  Ri

i+1 ωi
i  (9) 

 

vi+1
i+1 =  Ri

i+1  vi
i +  ωi

i × Pi+1
i  + d i+1 Z i+1

i+1 (10) 

 

ω i+1
i+1 =  Ri

i+1 ω +i
i Ri

i+1 ωi
i × θ i+1 Z i+1

i+1 + θ i+1 Z i+1
i+1 (11) 

 

v i+1
i+1 = Ri

i+1  ωi
i × Pi+1

i + ωi
i ×   ωi

i × Pi+1
i  + v i

i  (12) 

 

For revolute joint: 

ωi+1
i+1 =  Ri

i+1 ωi
i + θ i+1 Z i+1

i+1  (13) 

 

vi+1
i+1 =  Ri

i+1  vi
i +  ωi

i × Pi+1
i  (14) 

 

ω i+1
i+1 =  Ri

i+1 ω i
i  (15) 

 

v i+1
i+1 = Ri

i+1  ωi
i × Pi+1

i + ωi
i ×   ωi

i × Pi+1
i  + v i

i   

  +2 ωi+1
i+1 × d i+1 Z + d i+1 Z i+1

i+1
i+1
i+1 (16) 

 

Here 𝜔𝑖+1
𝑖+1 , 𝑣𝑖+1

𝑖+1 , 𝜔 𝑖+1
 𝑖+1  , 𝑣 𝑖+1

𝑖+1 are the angular velocity, 

linear velocity, angular acceleration and linear 

acceleration of the frame (i+1). The equations obtained 

can be used to find out the forces and torques acting on 

links which are out of the scope of this paper. 

 

III. CASE STUDIES 

 

The methodology is tested over different cases. Case 

Studies can be differentiated according to their 

complexity in design, dof (Degree of freedom), 

workspace (planar or 3D space) and the performance of 

the actuators. Three different robotic manipulators 

2-Link planar, The Yasukawa Motoman L-3 and the 

Unimation PUMA 560 have been studied and their 

paths have been predicted and plotted using MATLAB 

plot tool. Effect of different performance factors has 

been discussed in Section 4. The simulation results are 

compared among each other and validated with the 

help of theoretical expressions given by John J. Craig 

[5]. 

A. 2-Link planar Manipulator 

2 link manipulator is a basic example to work on. It 

consists of 2 links in which link 1 is connected to 

ground and link 2 through joint 1 and joint 2 

respectively. The manipulator model is given in Fig. 1. 

The tooltip of the manipulator is assumed to be at the 

end of link 2. SerdarKucuk and ZaferBingul [7] 

discussed the geometric solution approach to solve the 

forward and kinematics of planar manipulator. This 

approach is very fast compared to the methodology 

used in this paper. The geometric solution can’t be 

applied to complex manipulators effectively and it 

becomes more complicated when general behavior is 

discussed. The parameters for the 2-link planar 

manipulator [5] are given in Table1.  

 
Fig. 1: Two-Link planar manipulator with point masses at distal 

ends of links [5]. 

 

i 𝜶𝒊−𝟏 𝒂𝒊−𝟏 di θi 

1 0 0 0 θ1 

2 0 L1 0 θ2 

3 0 L2 0 0 
Table1. Link parameters of the two-link planar manipulator 

 

Frames have been assigned to 2-link planar 

manipulator system using the rules discussed by John 

J. Craig [5] and then iterations are performed by using 

the methodology discussed already in section (2) to 

find out the dependency of position each link on the 

position of previous links. The equations are then used 

to trace the ideal trajectory of end tips of each link 

using the equation of motions. Simulation is 

performed on MATLAB and the final result is 

obtained is shown in Fig (2). 

The angular velocity and angular acceleration of each 

joint are assumed to be 10 rad/s and 10 rad/s
2
 

respectively. L1 and L2 both are assumed to be 10. 

Initial positions are assumed 30 degrees for each joint. 

The rotation of the first and second revolute joint is 

assumed 20 degrees and 30 degrees respectively. A 

sudden deflection in the path of link 2 can be observed 

(Fig. 2) as a change in the motion of joint 1. The 

results have also been verified with the geometrical 

solution. Due to the simplicity of the planar 

manipulator, run time of the program is not assumed 

remarkable factor who has an impact on the 

performance of the system. 
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B. Link Manipulator(The Yasukawa Motoman 

L-3) 

The Yasukawa Motoman L-3 [5] is a popular 

manipulator used in industries with five degrees of 

freedom (Fig. 3). The Motoman is very different from 

a simple open kinematic chain. It consists of two linear 

actuators coupled to links 2 and 3. Also, joints 4 and 5 

are operated by two actuators in a differential 

arrangement through a chain drive. The wrist of 

Yasukawa can achieve any orientation. The possible 

orientations are yaw, pitch, and roll. Other 2 degree of 

freedoms is provided by the other two links. The 

workspace of The YsukawaMotoman L-3 can be 

found and constructed in 3D space by using the 

methodology discussed by Yoji Umetani [1]. As the 

manipulator is more complex as compared to the 2- 

link planar manipulator, the geometrical solution 

cannot be used to solve the forward kinematic 

problems. Frames have been assigned to the 5-link 

manipulator (refer Fig. 3) and general equations are 

formed using the methodology discussed in section 2. 

The parameters given by John J. Craig [5] for The 

Yasukawa Motoman L-3 manipulator are given in 

Table 2. To simplify the model all the assumptions 

made are fictitious and considered integers. As the 

general equations are proposed in this paper, the 

values of parameters can be taken arbitrarily according 

to the design of manipulator. Fig 3 represents the 

Yasukawa Motoman L-3 manipulator along with the 

frames assigned to the manipulator. The trajectory 

traced is shown in Fig. 4. As there are five links in 

Yasukawa, the number of paths traced should be 5 

(one path for each link) which is not true. It has been 

observed that end tips of link 4 and link 5 coincide 

with the end tip of link 3 such that the path traced by 

the links are same and represented as a single curve. It 

leads us to an important point which states that the 

equations of positions for link 4 and link 5 are 

independent of joint variables θ4 and θ5. The 

consecutive link at the end of any manipulator which 

contributes to manipulating the orientation only of the 

tooltip is referred to a wrist of the manipulator. Thus 

links 4 and 5 help only in the orientation of tool rip 

instead of positioning or in other words Yasukawa 

Motoman L-3 has 3 DOF for the position and 2 DOF 

for its orientation. 

 

 
Fig. 2: Path traced by end of each link in 2- Link planar 

manipulator 

 
Fig. 3: Assignment of link frames to Yasukawa actuator-2 

linkage [5]. 

 

In addition, the sudden change in the path of link 2 

indicates the presence of different amount of rotations 

of joint 1 and joint 2. Until both joint rotates up to 

same amount of degrees the path obtained is smooth 

but when joint 1 stops and joint 2 is still rotating it 

suddenly change its path to  another direction. A single 

point indicates the presence of stationary link 1. It 

should be noted that the position of multiple links 

could be same but the velocity of each link are 

different from each other due to the fact that the 

angular velocity of each ith link depends on its own 

angular joint velocity along with the angular joint 

velocity of previous i-1th link. Same scenario goes for 

acceleration of individual frames. 

 

i 𝜶𝒊−𝟏 𝒂𝒊−𝟏 di θi 

1 0 0 0 θ1 

2 -90 0 0 θ2 

3 0 a2 0 θ3 

4 0 a3 0 θ4 

5 90 0 0 θ5 
Table 2:  Link parameters of The Yasukawa Motoman L-3 

manipulator 

 
Fig. 4: Path traced by end of each link in The Yasukawa 

Motoman L-3 manipulator. 

 

C. The Unimation PUMA 560 (6 Link 

Manipulator) 

The Unimation PUMA 560 (Fig. 3) is another popular 

industrial robot with six degrees of freedom and all 

rotational joints (i.e., it is a 6R mechanism). In 

comparison to Yasukawa Motoman L-3, it has extra 

movement in 3D space which provides him more 

flexibility. Fig 5 and Fig 6 show the same manipulator 
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but with a different position for frames. 

Methodologies used to assign frames on links are 

arbitrary. Different researchers used different 

approaches for the same purpose. 

 

The parameters used for PUMA 560 in this paper 

(refer Table 3) is given by J.J. Craig [5] with the 

corresponding Fig. (5). While Sandeep Anand [8] used 

another set of parameters (refer to Table 4) with the 

corresponding Fig. (6). Link parameters play an 

important role in deciding the path followed by each 

frame. This is because of the fact that the solutions for 

all the forward kinematics equations rely on the 

procedure used for frame assignment and so one the 

link and joint parameters. A universal approach for 

deciding frame has not been given yet. The simulation 

gives a different result for both the cases (Fig. 7 and 

Fig. 8). The same methodology discussed in section 2 

is used in for a case. All of the link and joint 

parameters are taken as integers for ease of 

understanding. It can be observed that for both cases 

the results of the simulation are different. Fig. 7 

represents the path followed by links in which 

parameters used according to table 3. Two different 

curves, which represents the path traced by end tips of 

the link 2 and link3, are shown (Fig. 7). As frame {2} 

is coincident with frame {1} it means link 1 has zero 

length and thus a single point indicates the presence of 

link 1 only. The frame is only an imaginary point of 

reference which can be assigned anywhere according 

to the usage and thus it should not be confusing with 

the term links which are real objects. John J. Craig had 

explained the link-frame attachment procedure in a 

very understandable way. Common ground or a 

stationary frame is assumed with origin as its position 

and identity matrix for its orientation. It should be 

noted that the wrist of any manipulator only helps in 

orienting the workpiece, which it was holding, and the 

rest of the links help in the positioning of the bot in 3D 

space. For Puma 560 trajectories for link 4, link 5 and 

link 6 work as a wrist and thus their trajectories 

coincide with the trajectory of link 3 and their 

positions are independent of joint variables θ4, θ5 and 

θ6. Rest of the links help in the positioning of tooltip. 

 

 
Fig. 5: Robotic manipulator PUMA 560 with assigned link 

parameters from table 3 [5]. 

 
Fig 6: Robotic manipulator PUMA 560 with assigned link 

parameters from table 4 [9]. 

 

While Fig. 8 represents the path followed using the 

parametric table 4. In this case, three different curves 

have been observed which denotes the path traced by 

the end of link 1, link 2 and link3 (Fig. 6). As the 

trajectory for link 1 is not a point for this case because 

an offset d2 has been assumed between link 1 and link 

2 and thus a new curve is plotted for link 1 in Fig. 8. 

 

From these two different cases of the PUMA 560, it 

can be concluded that the trajectories for any 

manipulator are independent of the methodology used 

to assign frames because when the actual manipulator 

is actuated it will not follow a different path because of 

different assumption. Predicting the path of any 

manipulator is somehow same as following the 

movement of frames on the links. The count of frames 

assigned to any manipulator can be any finite number 

irrespective of the number of joints and links. The 

number of  iterations will increase with the number of 

frames and so the run time of the program. Therefore 

frames are assigned almost equal to the number of 

links in many cases. This is an important conclusion 

we obtained from this example. We can assign as 

many frames as we want to describe the trajectory of 

the manipulator and to trace any specific point on the 

manipulator. We have discussed three different cases 

in which The Puma 560 and The Yasukawa Motoman 

L-3 are one of the popular manipulators. These 

manipulators differ from each other in terms of 

complexity, design, workspace, and various 

parameters. From these case studies, that we can say 

that the path prediction algorithm for the general case 

could help to monitor different points on link 

simultaneously and determine whetherthe link will hit 
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the obstacle or not if the coordinates or position of 

obstacle is provided. 

i 𝜶𝒊−𝟏 𝒂𝒊−𝟏 di θi 

1 0 0 0 θ1 

2 -90 0 0 θ2 

3 0 a2 d3 θ3 

4 -90 a3 d4 θ4 

5 90 0 0 θ5 

6 -90 0 0 θ6 
Table 3: Link parameters for PUMA 560 manipulator given by 

J. J. Craig [1]. 

 

i 𝜶𝒊−𝟏 𝒂𝒊−𝟏 di θi 

1 0 0 0 θ1 

2 -90 0 d2 θ2 

3 0 a2 d3 θ3 

4 90 a3 d4 θ4 

5 -90 0 0 θ5 

6 90 0 0 θ6 
Table 4: Link parameters for PUMA 560 manipulator given by 

Sandeep Anand [2]. 

 

IV. ANALYSIS OF SIMULATIONS AND 

VALIDATIONS 

 

All the simulations are done in MATLAB. 3D plots 

are obtained from the simulations. These plots gave 

the trajectory of links of the manipulator and already 

discussed in section 3. Different factors have been 

studied who affect the efficiency of the MATLAB 

program directly. Firstly, the run time of the 

simulation for the general mathematical model is a 

very important parameter to define the speed of the 

manipulator. It varies from case to case. Run time can 

be defined as the time taken by any program to execute 

completely. The run time for the cases (Section 3) are 

given as 1.9161 s for 2-Link Planar Manipulator, 

4.4133 s for The Yasukawa Motoman L-3 and 5.4682 

s for The PUMA 560. It depends on many factors as 

well. For example, the run time will increase if we 

increase the limit of the workspace of the manipulator 

system. 3D manipulators will have more run time 

(4.4133s for Yasukawa) as compared to 2D 

manipulators (1.9161 for 2-Link planar) because the 

3D space is more vast as compares to 2D space. 

Similarly, run time is proportional to the number of 

links on the manipulator, for example, the run time of 

PUMA 560 is more than Yasukawa Motoman. Also if 

we consider the case of complexity, it has been 

observed that the runtime varies with the methodology 

used in assigning frames to manipulator as if someone 

assign frames to The PUMA 560 using methodology 

discussed by John J. Craig [6] it is given as 5.4682 s 

and for Sandeep Anand [8] it is 5.6925 s. The 

difference in their runtime seemed to be very small 

seems small difference but this value summed up to a 

large value after continuous iterations of the program 

and result in a noticeable effect on the performance.  

Thus, the assignment of frames to manipulator plays 

an important role in deciding the performance of the 

mathematical model. 

 

 
Fig. 7: Path prediction for The PUMA 560 manipulator using 

parameters from table 3. 

 

 
Fig. 8: Path prediction for The PUMA 560 manipulator using 

parameters from table 4. 

 

Secondly, the accuracy of trajectories strongly 

depends on the number of time steps (see Section 2). 

Time steps are the small intervals of time at which 

manipulator localized itself. The iterations running in 

the program will be increased if we increase the 

number of time steps. For the small number of time 

steps, the trajectory will not be smooth as compared to 

a large number of time steps because the number of 

points projected will be less and the deflection occurs 

in the path will be more. If we compare the run time 

for two different values of time steps for the case of 

2-link planar manipulator it can be observed that run 

time is 1.2304s and 1.9341s for 5 and 20 number of 

time steps. The trajectories obtained are shown (Fig. 9 

and Fig. 10) below. The path predicted in fig 9  is not 

so accurate and it misses many small checkpoints and 

even the small amount sudden deflection can be 

detected while on the other hand, the curves are 

smooth for a larger value of time steps ( Fig. 10). The 

can be concluded that the accuracy and speed of any 

model are inversely proportional to each other. If we 

increase the speed than the accuracy will be sacrificed 

and if speed is reduced the accuracy will be increased 
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or vice versa. 

 

 
Fig. 9: Trajectory followed by 2-Link Planar Manipulator for 5 

number of time steps. 

 

 
Fig. 10: Trajectory followed by 2-Link Planar Manipulator for 

5 number of time steps. 

 

All of the simulation results presented in this paper 

have been validated by comparing the theoretical 

equations of the trajectory discussed by John. J. Craig 

[5] and equations obtained from the methodology used 

in this paper (Section 2). The equations are perfectly 

matched for all the three cases mentioned in Section 3. 

 

V. CONCLUSION 

 

A Mathematical model is developed to trace the 

trajectory of a general manipulator. The governing 

equations are based on the transformation of one frame 

to another. It has been observed that the homogenous 

representation is good to visualize the concept of 

frames transformation but this representation is quite 

expensive from computational point of view thus 

different approach is used. Object-Oriented 

Programming is used to generalize the methodology 

because of its capability of categorization of data and 

functions performing the iterations over data. This 

approach helps others to use the functions in their 

project to work further. Three different cases (2 Link 

Planar Manipulator, The PUMA 560 and The 

Yasukawa Motoman L-3 manipulator) have been 

studied which are based on the number of links. Two 

different cases of The PUMA 560 has been studied 

and we observed that the trajectory strongly depends 

on the method used to assign the frames because the 

frames are positioned on the simulation results not 

actually the links itself. To trace the path of any point 

on manipulator a separate frame can be assigned. 

Simulations are performed on MATLAB. 

 

From the analysis of the simulation, two conclusions 

have been made. 

• Run time of the model strongly depends on the 

complexity and the number of frames assigned to 

a manipulator. 

• Accuracy of the trajectory is a function of the 

number of time steps and accuracy will increase 

with the increase in time steps at the cost of run 

time. 

 

Equations of position, velocity and acceleration for 

manipulators are obtained and validated with the 

theoretical equations.” 
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