
CHAPTER 2 

Design Methodology 

There are two research components used in this simulating tool. They are forward 

kinematics and the reverse kinematics. The supportive way of kinematic modeling is to 

develop this simulating tool as shown in the figure 2.1. Using the kinematic control 

equation, algorithms was developed for the forward and inverse kinematics to solve the 

Cartesian space and the joint space parameters that are related to simulating process. 
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Fig. 2.1 The direct and inverse kinematics model 
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2.1 Manipulator modeling fundamentals for the dynamic 

simulator 

Robot manipulator modeling consists of a geometrical definition along with a kinematical 

description of the linkages. The geometrical definition can be accomplished by creating 

representative three-dimensional (3D) computer-aided graphic models whereas the 

kinematic entities describing the relations between links, velocities, accelerations and 

other characteristics of the manipulator can be obtained from robot kinematic theory. The 

structural design of the components of a robot manipulator uses the optimized geometric 

entities resulting from the previous stages. Though there are numerous software packages 

available for 3D modeling and motion simulation,[10] there is no single all inclusive 

packages that could produce the exact physical (3D characteristics) and functional 

description (motion planning) of the robot. The simulation itself consists of the kinematic 

and dynamic parts depending upon whether or not the actuator forces and torques are 

considered when generating motion trajectories. Once the functional description of the 

manipulator is finalized, any of the widely available solid modeling tools could be used 

for the accurate description of the robot's 3D geometry and an extensive structural 

analysis could be performed. A detailed discussion of structural modeling is shown in 

figure 2.1 and the highlighted areas of this figures is the scope of this thesis. It comes 

sunder the kinematic. It should be solved to develop the dynamic constraint and the 

trajectory planning. 

The Visual C++ (version 6.0) is used for this simulator designing because it is the base 

language and processing time is less compared with the other programming tools [15]. 

The final interface is the total solution for universal manipulator simulations. The 

software tool is the final output of this project. The kinematics module helps to find the 

manipulator geometry and the joint angles. But the software tool is the combination of 

kinematics, dynamics and the trajectory planning. 
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Fig.2.2 structural designs for the proposed simulator 
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2.2 Designing approach 

The supportive way of the kinematic behavior is described in this chapter. It is helps to 

find the manipulator geometric parameters in the Cartesian space and the joint space. To 

program the end-effector motion and link- joint motions, a mathematical model of the 

manipulator is required to refer to all geometrical and/or time base properties of it motion. 

Kinematic model describes the spatial position of the joint and links, and position and 

orientation of the end-effector. [5] In designing a robot manipulator, kinematic plays a 

vital role. The mathematical tools of spatial descriptions will be discussed in the next 

chapter are used in the modeling of robotic manipulator. And the forward kinematic and 

inverse kinematic roles are considered in this chapter. The differential kinematic of 

manipulators refer to differential motion, that is, velocity, acceleration, and all higher 

order derivative of joint-links. 

2.2.1 Forward kinematic approach 

The Forward kinematics is the problem of finding the unique location (position and 

orientations) of the links and the end-effector of the robot for the given set of joint values. 

The position and orientation of link end effector position are used to draw the link in the 

Cartesian space and draw the via point in trajectory. 

2.3.2 Inverse kinematic approach 

The inverse kinematics is used to calculate the joint variable for given via points that 

have to be defined in the Cartesian space. Solving inverse kinematic is the real challenge 

for the simulator manufacturers. Specially for the universal model. The solving of the 

problem of kinematic equation of a manipulator is a nonlinear one. By using numerical 

techniques two unique solution have been obtained for inverse kinematic equation for 
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universal manipulators. They are Jacobian transformation base Newton-Rhapson 

techniques and the Taylor expression. 

In addition to dealing with static positioning problems, author may wish to analyze 

manipulators in motion. Often in performing velocity analysis of a mechanism it is 

convenient to define a matrix quantity called the Jacobian of the manipulator. The 

Jacobian specifies a mapping from velocities in joint space to velocities in Cartesian 

space. Manipulator Jacobian is the most important to find the inverse kinematic solution 

in this manipulator. The nature of these mapping changes as the configuration of the 

manipulator varies. At the singularities the existing mapping is not invertible. Then 

another mapping system like Taylor expression should be considered to solve the joint 

space parameters. An understanding of the phenomenon is important to designers and the 

users of the manipulator. 
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