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1. Background 
 
Manipulator Arms: 
An automated arm is a kind of mechanical arm, normally 
programmable, with comparative capacities to a human arm; 
the arm might be the aggregate of the system or might be a 
piece of a progressively perplexing robot. The connections of such a 
controller are associated by joints permitting either rotational movement, 
(for example, in an explained robot) or translational (straight) displacement. 
The connections of the controller can be considered to shape a kinematic 
chain. The end of the kinematic chain of the controller is known as the end  
effector and it is undifferentiated from the human hand  

 
 
Types: 

● Cartesian: 



This robot arm has 3 prismatic joints.  
● Cylindrical: 

The axes of this robot forms a cylindrical coordinate system. 
● Spherical robot: 

It’s axes form a polar coordinate system. 
● SCARA robot��:  

Used for work such as pick and place by two parallel rotary 
joints. 

● Articulated robot��:  
A robot whose arm has in any event three rotational joints. 

● Parallel robot��:  
It's arms have concurrent prismatic or rotary joints. 

● Anthropomorphic�� robot:  
A robot that is similar to a human hand. 
 

 
Robot workspace: 



● Robot Workspace�� is that volume of room that the end-effector of the 
robot or controller can reach. For an answer to exist, the predefined 
objective point must exist in the workspace. It is helpful to think about 
two meanings of workspace: 

● Dextrous workspace�� is that volume of space that the robot 
end-effector can reach with all orientations. That is, at each point in 
the dextrousworkspace, the end-effector can be arbitrarily oriented. 

● Reachable workspace�� is that volume of space that the robot can 
reach in at least one orientation. 

● Clearly, the dextrous workspace is a subset of the reachable 
workspace. 

● The Monte Carlo Method is also a very famous method in the 
reinforcement learning, which can have a very powerful application 
when the transformation probabilities are not known. We can use the 
Monte Carlo method to generate the workspace.  

 



2. Goal of the project  
Build a robotic manipulator arm that is unique and advantageous all the 
same. A hollowed out robotic manipulator pair that can work together to not 
only conserve time and power but also improve the workspace that the 
robot can go to.  
 
The robotic arm would also need to be smartly designed so as to capture 
images and use OpenCV to detect the object in front of the robot to be 
picked up and handed off to the other arm. This can have multifaceted uses 
and help in many ways. 
 
OpenCV would pickup the location of the object and hand it over to the 
propeller which would then use inverse kinematics to go to that point and 
pickup the object and hand it off to the other arm behind it. 
When not being used for this, the 2 arms would be capable of working 
individually. 

3. Methods 
● Design. 
● Research 
● Use DH convention to find kinematics. 
● Find inverse kinematics using 2D planar model. 
● Figuring out the workspace using the Monte Carlo method. 
● Object recognition using OpenCV. 
● Create hardware prototype. 

 



3.1 Design 
The design was originally designed using Simscape Multibody on MATLAB 
and then refined to give a clear understanding of how the robot would work 
in real life scenarios. 
 
The arm links were designed with the following lengths: 

Bigger Arm: 
● 9 inches - Link 1 
● 6.5 inches - Link 2 
● 9 inches - Link 3 including gripper 

 
Smaller Arm:  

● 9 inches - Link 1 
● 11.5 inches - Link 2 including gripper. 

  

3.2 Research 
 For Materials and Structure, the research paper “��Design, analysis and 
fabrication of robotic arm for sorting of multi-materials��” was studied and it 
was found that metal is the common material in robots due to its strength 



along with rigidity. Various papers were also used to find the stress factor, 
motor type and mechanisms to be taken into consideration. 
 
For this project, acrylic plastic was used as the material due to its strength 
and ability to perform basic tasks and prove validity. Along with that 
standard servos with appropriate weight lifting capabilities were also used.  
 
For the Physics calculations, research papers were used to consult for the 
torque calculations. As for the design process, a research paper named 
“Design Analysis And Fabrication Of Robotic Arm For Sorting Of Multi 
Materials” was used which gave insight on how big companies and how 
their robotic product development works. This was a huge step as it gave a 
step by step process of the right way to conduct such research.  

3.3 Kinematics 

 
The DH convention was used as shown to find the kinematic solution to this 
robot. We design a rotation joint in the base, and for the torso of the 
manipulators we design them as a 3 degree of freedoms planar arms. The 
DH parameters are as shown above. We multiply each of the 



Transformation Matrix together, and then in the result matrix the upper left 
corner 3x3 matrix will reflect the orientation of the end-effector and the 
upper right corner 3x1 vector will reflect the position of the end-effector.  

3.4 Inverse Kinematics 

 
The 2D planar model was used as shown to find the inverse kinematic 
solution to this robot, since the third joint is designed to be actuated by DC 
motor, which is not convenient to do the position control. We supposed the 
third joint is just for doing the slight end-effector orientation adjustment, 
moreover, we suppose the desired orientation and the posture of the third 
link and joint are already known. Therefore, the theta1 and theta2 will be 
variables to be controlled and calculated. Based on that, we build a user 
interface, in which whenever we enter the desired position relative to the 
origins of the manipulators then the needed servo angles will be 
automatically calculated. 




