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PREFACE  

Robotics is a field related to the design, development, control and application of robots in industry, education, research, 

entertainment, medical applications etc. Since the mathematics involved in the study of robotics, e.g., kinematics and 

dynamics is initially difficult to understand by students and same is the case for a teacher to convey the essence of 

mathematics of robotics to the students. Also it has been difficult for students to learn because of limited ability to perceive 

and visualize the concepts appropriately at the time of teaching. Without seeing a real robot it is very difficult to comprehend 

its motion in three-dimensional Cartesian space. Hence, there is a need for a robotics learning software.   

The work of combining the robot analyses algorithms in the form of software started in 1996 in the name of RIDIM (Recursive 

Inverse Dynamics for Industrial Manipulator). But it had only analysis part with plot facilities. The development of 

RoboAnalyzer started in 2009. RoboAnalyzer, a 3D model based software, can be used to teach robotics subjects to 

undergraduate and postgraduate courses in engineering colleges in India and elsewhere. It can be used to learn DH 

parameters, kinematics and dynamics of serial robots and allows 3D animation and graph plots as output. In essence, 

learn/teach the physics of robotics with the joy of RoboAnalyzer animations before attempting to learn the mathematics of 

robots.  

RoboAnalyzer is developed in the Mechatronics Lab, Department of Mechanical Engineering at IIT Delhi, India under the 

guidance of Prof. S. K. Saha. The following students are given due credits in its development and documentations.  

Å S. Goel and S. Ramakrishnan (1996-97): Algorithm development for Recursive Inverse Dynamics for Industrial  

Manipulators (RIDIM)  

Å A. Patle (2000-01): Windows-interface for RIDIM 

Å Rajat Jain (2009-10): Added Graph-plots to RIDIM 

Å Suril V Shah (2007-11): Recursive Dynamics Simulator (ReDySim) Algorithm [Appendix A]  

Å Rajeevlochana C.G. (2009 - present): User Interface, 3D Modeling of robot, Forward Kinematics, Animation, 

Graphplot, DH Visualize, Virtual Robot Module, Integration with MATLAB  

Å Amit Jain (2010-11): C# implementation of DeNOC-based Inverse and Forward Dynamics (ReDySim)  

Å Jyoti Bahuguna (2011-12): Inverse Kinematics Module and Motion Planning  

Å Ratan Sadanand O.M (2012 - 2015): Conversion of CAD models for Virtual Robot Module, VRM Visualization add-in 

for Robotics Toolbox 

Å Ravi Joshi (2014 ς 2015): Version 7 enhancements 

Å Birla Kartikeya, Anirjit Adhikary (2025- ): Ongoing activities 
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 1. GETTING STARTED  

This section helps you get started with the installation of RoboAnalyzer, a 3D Model Based Robotics Learning 

System. It has been developed using OpenGL and Visual C#. 

 1.1. MINIMUM SYSTEM REQUIREMENTS 

 Processor: Minimum 4 cores, 1.5Ghz 

 RAM: 4GB 

 Operating System: Windows 10 and above (.Net Framework 3.5 (For HTM Module)) 
  

 1.2. INSTALLATION 

RoboAnalyzer can be installed on a computer by downloading it from our website. The latest version of the 

software (version 9.1) is available as a trial version or the license (Not a free Version) can be purchased at 

http://www.roboanalyzer.com  

 

The following are the steps to install RoboAnalyzer:  

Step 1: Visit http://www.roboanalyzer.com  

Step 2:  Click on Downloads tab  

Step 3: Click on RoboAnalyzer V9 (or latest version) to download a .zip file  

Step 4: A popup window will appear. Select the folder where the file has to be saved and click on Save 

Step 5: After downloading is complete, extract the .zip file. 

Step 6: Open the extracted folder to find the RoboAnalyzer Application file. 

 

 1.3. LICENSING 

1. After downloading the software > open the downloaded folder > Open the ά[ƛŎŜƴǎŜέ > Open the 

ά[ƛŎŜƴǎŜaŀƴŀƎŜǊέ Application > Copy the άaŀŎƘƛƴŜ L5έ and send to roboanalyzer@gmail.com or  

support@svrrobotics.com or sanket@svrrobotics.com . 

2. In the case of Node Locked license, you will receive the license file. Copy that license file and save it as  

άƭƛŎŜƴǎŜέ in the ά[ƛŎŜƴǎŜέ folder in the extracted RoboAnalyzer folder. 

3. For LAN/Server Based license, Copy the license file and paste it in the ά[ƛŎŜƴǎŜέ folder > Rename that file 

as άƭƛŎŜƴǎŜψŦƭƻŀǘέ > Then run the license server application in the license server Folder > Run the 

ά[ƛŎŜƴǎŜaŀƴŀƎŜǊέ ƛƴ ǘƘŜ ά[ƛŎŜƴǎŜέ folder. 

4. For client systems you can run the ά[ƛŎŜƴǎŜaŀƴŀƎŜǊέ in the ά[ƛŎŜƴǎŜέ folder. Then run the RoboAnalyzer 

application. 

 

 

http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
http://www.roboanalyzer.com/
mailto:roboanalyzer@gmail.com
about:blank
about:blank
about:blank
mailto:sanket@svrrobotics.com
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 2. INTRODUCTION TO ROBOANALYZER   

RoboAnalyzer is a 3D Model Based Robotics Learning Software. It has been developed to help the faculty to teach 

and students to learn the concepts of Robotics. It also acts as a supporting material for the contents on various 

robotics topics in text book eƴǘƛǘƭŜŘ άLƴǘǊƻŘǳŎǘƛƻƴ ǘƻ wƻōƻǘƛŎǎέΣ {Φ YΦ {ŀƘŀΣ нллу ώмϐΦ  

Suggested Video: http://www.youtube.com/watch?v=Tf_DsOcCgio  

 

 2.1. RUNNING THE LICENSE MANAGER  

(Note: User must be connected to the internet) 

Open the License folder under the folder you have previously saved from the Roboanalyzer download link, 

Double click on the LicenseManager.exe file. The terminal must output a message shown in the Figure 2.1(a) 

 

 
Figure 2.1(a) License Manager terminal window 

 

Then double click on RoboAnalyzer.exe to start the RoboAnalyzer (If License manager is not executed or there 

is no/expired license, RoboAnalyzer will not Open and an error message is displayed άLƴǾŀƭƛŘ [ƛŎŜƴǎŜέΣ The 

license has to remain open in order to run Roboanalyzer ). The user should be able to see the GUI (graphical user 

interface) as shown in figure 2.1(b) 

 

 
Figure 2.1(b) RoboAnalyzer GUI 

 

http://www.youtube.com/watch?v=Tf_DsOcCgio
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By default, it shows a 2R Planar robot model. 

 2.2. GENERATING A ROBOT  

Steps to Create a serial robot: 

1. The user can create a new custom robot by selecting the ΨbŜǿΩ option under the Custom Robot section. 

(Figure 2.2(a)) or Under the άCƛƭŜέ option in the Main menu 

2. Specify the desired number of Degrees of Freedom (DOF) by entering the value in the DOF field. Click ΨhYΩ.(Figure 

2.2(b)) 

3. aƻŘƛŦȅ ǘƘŜ ǊƻōƻǘΩǎ 5ŜƴŀǾƛǘ-Hartenberg (DH) parameters as required, then click Ψ/ǊŜŀǘŜ wƻōƻǘΩ to generate and 

display the custom robot in the workspace. (Figure 2.2(b)) 

4. The customized robot can be saved locally in .XML format by selecting the Ψ{ŀǾŜΩ option. (Figure 2.2(a)) 

5. A previously saved robot can be loaded into the workspace using the ΨhǇŜƴΩ option. 

 

 
Figure 2.2(a): Default Interface 

 

 
Figure 2.2(b): Creating a New Custom Robot 
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Steps to Create a robot using DOF and Select robot option : 

 

6. The user can also create a new custom robot by selecting the Ψ5hCΩ and ΨǎŜƭŜŎǘ ǊƻōƻǘΩ options under the D-H 

parameters/Default Robots section as shown in figure 2.2(c). 

7. Clicking on the DOF option a drop down menu appears, from which the user can select the desired degree of 

freedom.  

8. After selecting the DOF the user needs to select the required robot from the drop down menu of the Ψ{ŜƭŜŎǘ 

wƻōƻǘǎΩ option. 

9. After setting these parameters, user can generate the robot by clicking on the green tick mark (Load Selected 

wƻōƻǘέ) option. 

10. ¢ƘŜ ŘŜǎƛǊŜŘ Ǌƻōƻǘ ƛǎ ƎŜƴŜǊŀǘŜŘΣ ƛƴ ǘƘƛǎ ŎŀǎŜ ŀ άс 5hC Y¦Y! Ywр !ǊŎέ show in Figure 2.2(d)  

11. The customized robot can be saved locally in .XML format by selecting the Ψ{ŀǾŜΩ option. (Figure 2.2(a)) 

12. A previously saved robot can be loaded into the workspace using the ΨhǇŜƴΩ option. (Figure 2.2(a)) 

 

 

 

                                                       
Figure 2.2(c): User interface for DH parameters and select robot option. 
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                                          Figure 2.2(d): 6 DOF KUKA KR5 Arc 

 

Steps to Create a robot using a custom XML file : 

13. The user can also create a new custom robot by selecting the ΨhǇŜƴ ŎǳǎǘƻƳ Ǌƻōƻǘ ŦǊƻƳ ·a[ ŦƛƭŜΩ option under 

the Custom robots option as shown in figure 2.2(e). 

14. After clicking on the άhǇŜƴ /ǳǎǘƻƳ wƻōƻǘ ŦǊƻƳ ·a[ ŦƛƭŜέ option, user is redirected to a file manager window. 

15. The user can select the desired XML file from the file manager and click the άhǇŜƴέ option.  

 

 

 
                                  Figure 2.2(e): GUI of generating robot using an existing XML file   
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 2.3. OVERVIEW OF USER INTERFACE  

wƻōƻ!ƴŀƭȅȊŜǊΩǎ Ŝŀǎȅ ǘƻ ǳǎŜ DǊŀǇƘƛŎŀƭ ¦ǎŜǊ LƴǘŜǊŦŀŎŜ όD¦Lύ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜǎ нΦоόŀύΣ 

2.3(b), 2.3(c) and 2.3(d).  

1. Robot Selection and DH Parameters section  

2. Visualize DH section  

3. Robot Kinematics and Dynamics Analysis Options 

4. 3D Model View  

5. Graph Plot Tree View  

6. Graph Plot Window   

7. Interface of inverse Kinematics  

8. Create, open and save robots 

9. MechAnalyzer Module 

10. HTM module  

11. Virtual Robots  

12. Add-ins  

13. User assistance options 

 
Figure 2.3(a): User Interface of 3D Model View 
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Figure 2.3(b): User Interface of Graph Plot View 

 
Figure 2.3(c): User Interface of Inverse Kinematics Window 
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Figure 2.3(d): User Interface of Motion Planning  

 2.4. 3D MODEL VIEW OPTIONS  

RoboAnalyzer lets the user to zoom, rotate and pan the 3D model to have better visualization as shown in the 

Figure 2.4.  

Å Zoom: Place the mouse cursor anywhere on 3D Model View and use the mouse-wheel to zoom in and zoom 

out. It can also be done by clicking on Zoom In and Zoom Out buttons.  

Å Rotate: Press the right mouse button and drag the mouse cursor anywhere on the 3D Model View to rotate 

the model in the workspace.  

Å Pan: Press the left mouse button and drag the mouse cursor anywhere on the 3D Model View to pan/translate 

the model in the workspace.  

Å Standard Views: Select any standard view from the drop-down and the model view updates.  

Å The user can enable or disable the end-effector path tracing to visualize or hide the trajectory followed by the 

robots end effector. 

Å The user can also customize the workspace background to enhance visibility or suit personal preferences. 

 

 

 

 
 

Figure 2.4: Model View Options 
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 3. DENAVIT-HARTENBERG PARAMETERS VISUALIZATION  

The architecture of industrial robots is usually represented by Denavit-Hartenberg (DH) parameters. It forms the 

basis for performing kinematic and dynamic analyses of robots. A set of four DH parameters is used to represent 

the position and orientation of a robot-link with respect to its previous link. More details on DH parameters can 

be found in Chapter 4 of [1].  

 3.1. VISUALIZE DH  

After selecting a robot and redefining DH parameters as explained in Section 2.2, users can visualize each DH 

parameter by selecting a joint and then selecting a DH parameter type as shown in Figure 3.1. Once it is done, 

the corresponding DH parameter is highlighted in the DH parameter input table and a transformation frame 

moves in the 3D robot model. It shows the two co-ordinate frames corresponding to the selected DH parameter.   

¦ǎŜǊǎ Ŏŀƴ ŎƭƛŎƪ ƻƴ ά¢ƻƎŜǘƘŜǊέ button and a co-ordinate frame moves covering all the four DH parameters 

corresponding to the selected joint.  

¦ǎŜǊǎ Ŏŀƴ ŎƭƛŎƪ ƻƴ άBase Frame to End-9ŦŦŜŎǘƻǊέ button to see a co-ordinate frame moving from base frame to 

end-effector frame covering all the DH parameters of the robot model. 

  
Figure 3.1: Visualize DH Parameters  

 3.2. LINK CONFIGURATION  

The configuration/ transformation of a co-ordinate frame (DH frame) attached on each robot-link can be 

determined with respect to a frame attached to its previous link or base frame by following the steps below and 

as shown in Figure 3.2.  

Å Select a joint. If Joint 1 is selected, it corresponds to co-ordinate frame attached on Link 1.  

Å Select Previous Link Frame or Base Frame as the reference frame with respect to which the transformation 

needs to be determined.  
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Å Click on Update button and 4X4 transformation matrix is populated. A pair of co-ordinate frames is shown in 

3D robot model to help user in visualizing the transformation.  

 

  
Figure 3.2: Link Configuration  

 3.3. END-EFFECTOR CONFIGURATION  

The end-effector configuration/transformation can be determined with respect to the base frame directly by 

ǳǎƛƴƎ ǘƘŜ ά¦ǇŘŀǘŜέ button as shown in Figure 3.3. The 4X4 transformation matrix is populated and a pair of 

coordinate frames is shown in 3D robot model to help user in visualizing the transformation. 

  
Figure 3.3: End-Effector Configuration 
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 4. FORWARD KINEMATICS  

In the forward or direct kinematics, the joint positions, i.e. the angles of the revolute joints and the displacements 

of the prismatic joints, are prescribed. The task is to find the end-ŜŦŦŜŎǘƻǊΩǎ ŎƻƴŦƛƎǳǊŀǘƛƻƴκǘǊŀƴǎŦƻǊƳŀǘƛƻƴ 

consisting of its position and orientation. More details can be found in Chapter 6 of [1].  After selecting a robot 

and redefining DH parameters as explained in Section 2.1, forward kinematics (FKin) is performed which updates 

the 3D model.  

 

 4.1. ANIMATION OF FKIN  

To perform animation of the robot motion between two sets of initial and final values of joint variables, the 

following are the steps as shown in Figures 4.1(a) and 4.1(b). The trajectory of joint values, joint velocities and 

joint accelerations follow Cycloidal trajectory mentioned in Chapter 8 of [1]. The trajectory can be changed as 

explained in Section 8.  

  

1. Set the initial and final values of joint variables. (Figure 4.1(a)) 

2. Set Time Duration and Number of Steps 

3. Click on FKin button  

4. Click on Play button to see the animation  

5. The end-effector trace can be viewed. (Figure 4.1(b)) 

  
Figure 4.1(a): Initial Position of all Joints  
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Figure 4.1(b): Final Position of all Joints and Trace of End-Effector  

 

 4.2. GRAPH PLOTS OF FKIN  

To view the graph plots of a forward kinematics (animation) analysis, the following are the steps as shown in 

Figures 4.2(a), 4.2(b) and 4.2(c).  

  

1. Click on Graph tab. (Figure 4.2(a)) 

2. Click on [+] next to the link of which the plots are to be viewed (Figure 4.2(b)) 

3. Click on box to plot graph of a particular node to see X, Y and Z plots  

4. Click on [+] next to the joint of which the plots are to be viewed  

5. Click on box to plot graph of a particular node to see joint value (joint angle for revolute joint and joint offset 

for prismatic joints), joint velocity and joint acceleration  
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Figure 4.2(a): Graph Plots of FKin Data  

  

 

 

  
Figure 4.2(b): Graph Plots of Position of Coordinate Frame attached to Link 3  
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Figure 4.2(c): Graph Plots of Input Trajectory to Joint 3 
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 5. INVERSE KINEMATICS  

Inverse Kinematics (IKin) consists of determination of the joint variables corresponding to a given end-ŜŦŦŜŎǘƻǊΩǎ 

orientation and position. The solution to this problem is of fundamental importance in order to transform the 

motion specifications assigned to the end-effector in the operational space into the corresponding joint space 

motions. There may be multiple or no results possible for a given end-effector position and orientation. More 

details can be found in Chapter 6 of [1].  

Suggested Playlist: http://www.youtube.com/watch?v=7Ahv982H4lM  

 5.1. SOLUTIONS OF IKIN  

To select a robot and view the solutions of its Inverse Kinematics, the following are the steps as shown in Figures 

5.1(a) and 5.1(b). In future, an IKin solution can be selected and 3D model will be updated accordingly.  

1. /ƭƛŎƪ ƻƴ άLYƛƴέ button (Figure 5.1(a)). It shows a separate window  (Figure 5.1(b)) 

2. Select a Robot  

3. Enter Input parameters  

4. Click on IKin button  

5. View the possible solutions  

6. Click on Show button. It shows the selected solution in 3D Model window. To see this go back to main window 

by minimizing IKin window  

7. Select any of the obtained solution as initial and final solution   

8. Click on OK. This step replaces the initial and final joint values in DH Parameter table (Main window) by values 

selected in step 7  

9. Click on FKin button (Figure 5.1(a)) to view animation i.e. how robot moves from one solution to another 

solution selected in step 7  

http://www.youtube.com/watch?v=7Ahv982H4lM
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Figure 5.1(a): Inverse Kinematics Button 

 

  

  
Figure 5.1(b): Inverse Kinematics of 2R Planar Robot 
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 6. INVERSE DYNAMICS  

Inverse Dynamics (IDyn) is a dynamics problem, where the robot geometric, inertial parameters, and the joint 

motions i.e its positions, velocities and acceleration are given and the corresponding joint torques or forces are 

calculated. In RoboAnalyzer, the dynamics solver is based on ReDySim algorithm, which uses Decoupled Natural 

Orthogonal Complement (DeNOC) Matrices based recursive formulation. More details on ReDySim can be found 

at [2]. More details on Inverse Dynamics and DeNOC can be found in Chapters 8 and 9 respectively of [1].  

 6.1. SOLUTION OF IDYN  

Select a robot and redefine DH parameters as explained in Section 2.1, to solve for IDyn of the robot between 

two sets of initial and final values of joint variables, the following are the steps as shown in Figures 6.1(a), 6.1(b), 

and 6.1(c). The trajectory of input joint values, joint velocities and joint accelerations follow Cycloidal trajectory 

mentioned in Chapter 8 of [1]. The trajectory can be changed as explained in Section 8  

 

1. Set the initial and final values of joint variables. (Figure 6.1(a)) 

2. Set Time Duration and Number of Steps. 

3. Set Gravity (all values should be in SI units, i.e. m/s^2).  

4. Select a robot-link to enter its Center of Gravity (CG) location. It corresponds to a vector from the CG of the 

robot-link to the origin of the co-ordinate frame attached to that link, measured in the reference of the 

coordinate frame attached to that link. (Figure 6.1(b)) 

5. Select Mass Properties of a robot-link. Set Mass of each robot-link (values should be in SI units, i.e. kg) and 

set Inertia tensor of each robot-link with respect to the co-ordinate frame attached at the CG of the robotlink 

and the co-ordinate frame is parallel to the one attached to the robot-link (values should be in SI units, i.e. 

kgm^2). These values are to be entered manually and not calculated automatically from the shape of the 

robot-links. (Figure 6.1(c)) 

6. Click on FKin button (required to populate the input joint trajectory). (Figure 6.1(c)) 

7. Click on Play button to see the animation (only for visualization purpose, not necessary for IDyn). 
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8. Click on IDyn button to perform Inverse Dynamics computation. 

9. Click on Graph tab to view the graph. 

 

     

 
Figure 6.1(a): Inverse Dynamics Settings  
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Figure 6.1(b): Set Center of Gravity for Inverse Dynamics  

  

 
Figure 6.1(c): Set Mass and Inertia Properties and Perform Inverse Dynamics 
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 6.2. GRAPH PLOTS OF IDYN  

To view the graph plots of joint torques and forces, the following are the steps as shown in Figure 6.2.  

  

1. Click on [+] next to the joint of which the plots are to be viewed  

2. Click on box to plot graph of joint torque/force  

  
Figure 6.2: Graph Plot of Joint Torque/Force 

 7. FORWARD DYNAMICS  

Forward Dynamics (FDyn) is a dynamics problem, where the robot geometric, inertial parameters, and the joint 

torques and forces are given and the joint accelerations are calculated. The dynamics solver uses ReDySim[2] as 

in IDyn. More details on Forward Dynamics can be found in Chapters 8 and 9 of [1].  

 7.1. SOLUTION OF FDYN  

Select a robot and redefine DH parameters as explained in Section 2.1, to solve for FDyn of the robot for a given 

initial values of joint variables, please refer to Section 6.1 to perform steps 1 to 5 mentioned below. Then 

perform steps 6, 7 and 8 as shown in Figure 7.1(a).  

  

1. Set the initial value of joint variables 

2. Set Time Duration and Number of Steps  

3. Set Gravity (all values should be in SI units, i.e. m/s^2)  

4. Select a robot-link to enter its Center of Gravity (CG) location. It corresponds to a vector from the   

    CG of the robot-link to the origin of the co-ordinate frame attached to that link, measured in the reference of 

the co-ordinate frame attached to that link.  

5. Select Mass Properties of a robot-link. Set Mass of each robot-link (values should be in SI units, i.e. kg) and 

set Inertia tensor of each robot-link with respect to the co-ordinate frame attached at the CG of the robotlink 

and the co-ordinate frame is parallel to the one attached to the robot-link (values should be in SI units, i.e. 
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kgm^2). These values are to be entered manually and not calculated automatically from the shape of the 

robot-links.  

6. Click on FDyn dropdown to select the required simulation ς Free or Forced to perform Forward Dynamics. In 

Free Forward Dynamics, the robot is simulated for free-fall due to the action of gravity. In Forced Forward 

Dynamics, joint torques/forces can be set as input in a CSV file. The format of the CSV file containing the time 

data and joint force/torque data is shown in Figure 7.1(b).  

7. Click on Play button to see the animation  

 

 

Figure 7.1(a): Forward Dynamics 

 

 

 

 

 

 

 

 

 

 

Figure 7.1(b): Format of the CSV File containing time data and joint force/torque data for Forced Forward Dynamics 
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 8. TYPES OF JOINT TRAJECTORY 

A joint trajectory specifies how each joint in a serial robot should move over time to achieve a desired motion.  It 

is the computation of sequence of joint angles that the robot's joints must follow to execute a specific 

task. Polynomials functions like Cycloidal, Cubic, Cosine or Quintic are used to generate the set of continuous 

Ǉƻƛƴǘǎ ƛƴ ǎǇŀŎŜ ǘƻ ŎǊŜŀǘŜ ŀ ǇŀǘƘ ŦƻǊ ǘƘŜ ǊƻōƻǘΩǎ Ƨƻƛƴǘǎ ǘƻ ƳƻǾŜ ǘƘǊƻǳƎƘΦ  

 8.1. SELECTING DIFFERENT TYPES OF JOINT TRAJECTORY  

Select a robot and redefine DH parameters as explained in Section 3.1. For a given initial values of joint variables, 

Motion Simulation of the selected robot can be performed by selecting particular motion trajectory as shown in 

Figure 8.1 followed by steps 1 to 5 mentioned in Section 4.1.   
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Figure 8.1: Trajectory Types 

The trajectory can also be generated using the file input option. By using this option the user can 

customize the trajectory based on their requirement and import it to RoboAnalyzer in the form of a CSV 

file as shown in Figure 8.2. Opening this CSV file generates the trajectory customized by the user. 
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Figure 8.2: Generating trajectory using file input   
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 9. GRAPH PLOT OPTIONS  

The analysis results for FKin, IDyn and FDyn can be viewed as graph plots as explained in Sections 4.2, 6.2 and 7.1  

respectively. Several options for graph plot functionalites are explained below and as shown in Figure 9.1 .  

1. Select a graph plot node. (Figure 9.1, [1]) 

2. Set the plot color, symbol and line style. (Figure 9.1, [2]) 

3. Right click on graph to show a menu. Here you can use various options to zoom, print etc  

4. Export Data as CSV: Export plot data that can be opened in a spreadsheet such as MS Excel  

5. Use Mouse wheel to zoom in and out  

6. Press Mouse wheel and drag the mouse to pan around the graph  

 

  
Figure 9.1: Graph Plot Options  
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 10. MechAnalyzer MODULE 

MechAnalyzer is a 3D model based software developed for simulation of different Mechanisms. 

Key Features of the MechAnalyzer are: (Figure 10.1) 

1. Simulation and analysis of around 18 Mechanisms. 

2. Animation with coupler curve feature. 

3. Generation of velocity and acceleration diagrams of various mechanisms. 

4. Plotting Instantaneous centres in mechanisms. 

5. Static Force Analysis. 

6. Plot Displacement, Velocity and Acceleration diagram for Various CAM and Follower Mechanism. 

7. User can run gear simulation and understand gear terminologies. 

 

wŜŦŜǊ ǘƻ aŜŎƘ!ƴŀƭȅȊŜǊΩǎ ƻŦŦƛŎƛŀƭ ǿŜō ǇŀƎŜ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭǎ Υ www.roboanalyzer.com/mechanalyzer.html 

Suggested Playlist: https://www.youtube.com/playlist?list=PLYForsr6emXufDXIq9U2txep-r0ud9DBt  

 

 

Figure 10.1: MechAnalyzer User Interfce. 

 

 

http://www.roboanalyzer.com/mechanalyzer.html
https://www.youtube.com/playlist?list=PLYForsr6emXufDXIq9U2txep-r0ud9DBt
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 11. HTM MODULE 

HTM Module can be used to understand Transformations of Coordinate frame using Homogeneous 

Transformation Matrix(HTM). HTM contains both Rotational and Translation Matrix. 

 

 11.1. UNDERSTANDING THE USER INTERFACE OF THE HTM MODULE 

The HTM Module window contains two cartesian axes in a workspace. The larger axis represent the global frame 

and the smaller axis represent the local frame(Figure 11.1(a)). The Rotational matrix contains the information 

about the orientation of the local frame about XYZ axes(Global frame) and the Translational matrix contains the 

position (Coordinates) of the local frame with respect to XYZ axes(Global frame). 

User can visualize the changes in the HTM of the local frame by moving it(Translational along XYZ or Rotational 

about XYZ axes) with reference to the Global frame.  

To open the HTM Module: 

1. Select the άI¢a ƳƻŘǳƭŜέ option From the Main Menu of RoboAnalyzer as shown in the Section 2.3 

Figure 2.3(d). 
  

HTM Module Menu Options: 

1. To view in different standard views View > Select views (XY, YZ, XZ, Isometric). To view in different 

standard views View > Select views(XY, YZ, XZ, Isometric). It also allows the user to revert back to the default 

view by clicking άǳƴŘƻ ŀƭƭ ȊƻƻƳκǇŀƴέ. 

2. Show > Cube [Creates a 3D cube model at the origin of the local frame]. 

3. Show > Grid [Creates grided planes along XYZ axes of the global plane]. (Figure 11.1(b)) 

4. Appearance of the workspace and the global reference can be modified in the "Settings" menu. 

(Figure 11.1(c)) 

5. The Reset option on the toolbar allows the user to revert back to default window prior to inputs. 

 

 
Figure 11.1(a): User interface for homogenous Transformation matrix 
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Figure 11.1(b): User interface for HTM show option 

 

 

 

 
Figure 11.1(c): User interface for HTM settings option 

 

 

 11.2. MOVING THE LOCAL FRAME 

There are two ways in which user can move the local reference frame: 

i) Transformations: 

1. The user can choose to move the local frame with reference to either the local frame itself or the Global 

frame by choosing between "Local" or "Global" options. (Figure 11.1(a), 3a) 

2. /ƭƛŎƪ ƻƴ ǘƘŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ǘŀōΦ aƻǾŜƳŜƴǘ ǎŜǘǘƛƴƎ ŀǇǇŜŀǊΣ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ά¢ǊŀƴǎƭŀǘŜέ ŀƴŘ άwƻǘŀǘŜέ 

{ŜŎǘƛƻƴǎΣ άI¢aέ section and the άŜȄǇǊŜǎǎƛƻƴέ section. (Figure 11.1(a),[3a, 3b, 3c]) 

ƴ Homogenous transformation matrix (HTM) : This Section provides the user with the following 

options: 

 Current Matrix showing the completed displacement by the user. 

 Position matrix showing the Initial to Final position matrix step by step. 

 Visualise option shows the step by step matrices of the Translation and rotation executed by 

the user. 

3. Output window: shows the order of transformations executed by the user.  (Figure 11.1(a), 3c) 
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4. User can translate the local reference frame in XYZ directions under the translate section.                (Figure 

11.1(a), 3a) 

5. Enter the values in X,Y and Z fields -> Click ά¢ǊŀƴǎƭŀǘŜέ. 

6. The user can rotate the local frame by entering the angle value(in degrees) in the Angle field in the Rotate 

section -> click on άwƻǘŀǘŜέ. 

7. While moving, values in the HTM under the ά/ǳǊǊŜƴǘ aŀǘǊƛȄέ tab changes in real time.(Figure 11.1(a), 3b) 

8. Under the ά{Ƙƻǿ tƻǎƛǘƛƻƴέ tab (Figure 11.1(a), 3b), the HTM of the local frame after every motion 

executed is stored and can be accessed by the user. The position of the local frame after each motion can 

be visualized. 

9. Under the ά±ƛǎǳŀƭƛȊŜέ tab (Figure 11.1(a), 3b), every motion executed is classified into Tn(T: Translational, 

n: Sequence number of the motion) and Rn(R: Rotational, n: Sequence number of the motion). The 

animation of each motion can be visualized by selecting that motion which are listed in a sequence. 

10. In the window below, the expression of the HTM of the local frame after each motion is displayed. Where, 

pre-multiplication is performed for the motion with reference to global frame and post-multiplication is 

performed for the local frame motion.(Figure 11.1(a), 3c) 

 

ii) Sequences: 

User can define the sequence of movements for the local reference frame in a tabular manner: 

1. Under "Common" Tab > Select the type of system [Cartesian, Cylindrical, Spherical, DH parameters, 

MDH Parameters] > Select and modify the parameter > Enter the values > Animate.(Figure 11.2(a), 4a) 

2. Under "Custom" Tab > Enter the Number Of Rows (No of Rows) > Click OK > Select and choose the 

parameters according to the sequence > Enter the Values > Click on Animate.(Figure 11.2(b), 4b) 

3. User can Add/Delete the rows by selecting a particular row. 

4. User can delete all the rows by clicking on "Clear" option.(Figure 11.2(b), 4b) 

5. This also contains the HTM and the expression sections.(Figure 11.1(a), 3c) 
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Figure 11.2(a): User interface for HTM sequence of Motions 1 

 

 

 

 

 

 
Figure 11.2(b): User interface for HTM sequence of Motions 2 

 

 

 

 

 12. VIRTUAL ROBOT MODULE  

The Key features of the Virtual Robot Module are: 
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1. Robot Models Availability: The Virtual Robot Module inside RoboAnalyzer lets the user select any 

standard industrial robot model (like PUMA 560,Kuka KR5 ABBIRB 120 and many others). As of this version, 

CAD models of 27 industrial robots can be loaded. 

2. Kinematics Simulation: Visual simulation on Joint movements, Joint jogging and Cartesian Motion 

control (Relative and Absolute) simulation can be performed by the user to understand the effect of each 

joint movement. 

3. Recording Motion: User can also Record Motion and Playback that motion. 

4. Simulation of Euler Angles: Euler angles are used to represent the orientation of a robot's end-

effector or any other rigid body. They describe orientation as a sequence of rotations around three 

orthogonal axes (typically x, y, and z). Common conventions include Roll-Pitch-Yaw (RPY). 

 

The following steps are to be followed (as illustrated in Figures 12(a) and 12(b)). 

1. Click on ά±ƛǊǘǳŀƭ wƻōƻǘǎέ button. (Figure 12.1) 

2. A new window/form is shown. By default CAD model of the ά!.. Lw. мнлέ robot  is displayed. (Figure 12(b)) 

3. Select a robot from the drop-down and click on ά[ƻŀŘέ. The Robot will be displayed in the workspace, with 

the initial joint values and the end effector position in the HTM.(Figure 12(b)) 

4. There are 2 option beside the ά[ƻŀŘέ option, they are άIƻƳŜ tƻǎƛǘƛƻƴέ and ά/ƭŜŀǊ ¢ǊŀŎŜέ options. 

5. By clicking on άIƻƳŜ tƻǎƛǘƛƻƴέΣ all the joint angles and the end effector position(coordinates) with reference 

ǘƻ ǘƘŜ ōŀǎŜ ƻŦ ǘƘŜ wƻōƻǘ ŀǊŜ ǊŜǎŜǘ ǘƻ ǘƘŜƛǊ ƛƴƛǘƛŀƭ ǾŀƭǳŜǎΣ ǘƘŜǊŜōȅ ǊŜǎŜǘǘƛƴƎ ǘƘŜ wƻōƻǘΩǎ ǎǘŀǘŜ ǘƻ ƛǘǎ ƛƴƛǘƛŀƭ ǎǘŀǘŜΦ 

6. By clicking on the ά/ƭŜŀǊ ¢ǊŀŎŜέ option, the path traced by the end effector will be cleared. (Figure 12(c)) 

 

  

Figure 12(a): Click on ά±ƛǊǘǳŀƭ wƻōƻǘǎέ Button in RoboAnalyzer Window 
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Figure 12(b): Virtual Robot Module  

 

 

Figure 12(c): End Effector Trace and ά/ƭŜŀǊ ¢ǊŀŎŜέ option 

Suggested Playlist: https://www.youtube.com/playlist?list=PLYForsr6emXuUUdxlze7MASbWb27XPv46  

 12.1 DIFERENT VIEWING OPTIONS IN VIRTUAL ROBOT MODULE 

The user can visualize the robot in different views in the Virtual Robot Module. User can switch between 

different views using the the keyboard keys: 

https://www.youtube.com/playlist?list=PLYForsr6emXuUUdxlze7MASbWb27XPv46


 RoboAnalyzer User Manual    http://www.roboanalyzer.com  

 

  

36 

As shown in the Figure  

1. ά¢έ (Top) 

2. άwέ (Right) 

3. ά[έ (Left) 

4. άCέ (Front) 

5. ά.έ (Back) 

6. άLέ (Right Isometric) 

7. άhέ (Left isometric) 

8. ά¦έ (Right rear isometric) 

9. άtέ (Left rear isometric).  

 

 

Figure 12.1: Different Views in Virtual Robot Module 

 

 12.2 JOINT CONTROL 

  In this section, the position of the end effector can be controlled by changing the joint angles. Forward 

Kinematics   is used to compute the position of the end effector by providing joint angles as the input. The same 

computation   output is displayed in the HTM. (Figure 12.1) 

¦ǎŜǊ Ŏŀƴ ŎƘŀƴƎŜ ǘƘŜ wƻōƻǘΩǎ Ƨƻƛƴǘ ŀƴƎƭŜǎ ōȅ ǳǎƛƴƎ ǘƘŜ ǎƭƛŘŜǊ ƻƴ ǘƘŜ ƭŜŦǘ ŀǎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ мнΦмΦ bƻǘŜ ǘƘŀǘ ŀƭƭ ǘƘŜ  

 joint angles have minimum and maximum values as per their specifications (joint limit). Buttons can also be used  

to change the value of joint angle. The end-effector transformation is updated with every change in joint angle(s). 

 


















