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 isnitially 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 twgerce
and visualize the compts appropriately at the time of teaching. Without seeing a real robot it is very difficult to comprehend
its motion in threedimensional 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 srted 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 serigbots 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 devekpingrtumentations
A'S. Goel and S. Ramakrishnan (199§ Algorithm development for Recursive Inverse Dynamics for Industrial
Manipulators (RIDIM)
A A. Patle (200@1): Windowsinterface for RIDIM
A Rajat Jain (20020): Added Grapiplots to RIDIM
A Suril V Shah (20@r1): Recursive Dynamics Simulator (ReDySim) Algorithm [Appendix A]
A Rajeeviochana C.G. (200%resent) User Interface, 3D Modeling of robot, Forward Kinematics, Animation,
Graphplot, DH Visualize, Virtual Robot Module, Integration with MATLAB
A Amit Jain (201411). C# implementation of DeN@fased Inverse and Forward Dynamics (ReDySim)
A Jyoti Bahuguna (20112). Inverse Kinematics Module and Motion Planning
A Ratan Sadanand O.M (2012015) Conversion of CAD models for Virtual Robot Module, VRM Visualizatiein add
for Robotics Toolbox
A Ravi Joshi (201@2015) Version 7 enhancements

A Birla Kartikeya Anirjit Adhkary (2025 ): Ongoingactivities
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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

ProcessorMinimum 4 cores, 1.5Ghz
RAM:4GB
Operating SystemwWindows 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.Visithttp://www.roboanalyzer.com

Step 2: Click orDownloadstab

Step 3:Click onRoboAnalyzer V¥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 clBdven
Step 5:After downloading is complete, extract the .zip file.

Step 6:0pen the extracted folder to find the RoboAnalyzer Application file.

1.3. LICENSING

1. After downloading the software > open the downloaded folder > OpendteA O S$yOpeh éthe

a[ A OSy a S appicatianS:NEopy that a I OK A yafid sknSl &o roboanalyzer@gmail.conor
support@svrrobotics.coror 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
at A OB ihadg én O Hider i the extracted RoboAnalyzer folder.

3. For LAN/Server Based license, Copy the license file and paste itif the O $lder S Rename that file

asa t A OSy asSTnhent ranl theé license server application in the license server Folder > Run the
G AOSyaSay ylh KBS Skdes ¢

4. For client systems you canrun thg A O Sy & Sia the@l[ AONEer. StEen run the RoboAnalyzer
application.
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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 bookyet A G f SR aLY dNRRdAzOGA2Y (2 w2020A0a¢3x {d YO
Suggested Videdrttp://www.youtube.com/watch?v=Tf DsOcCgio

2.1. RUNNING THE LICENSE MANAGER

(Note: User must be connected to the interngt
Open theLicensefolder under the folder you have previously saved from feboanalyzerdownload link,
Double click on théicenseManager.exg@le. The terminal must output a message shown in the Figure 2.1(a)

Machine ID:
Node—-Locked License: Name:

Server IP Address:
RoboAnalyzer can be started...

Figure 2.1(a) License Manager terminal window

Then double click oRoboAnalyzer.ex¢o start the RoboAnalyzer (If License manager is not executed or there

is no/expired license, RoboAnalyzer will not Open and an error message is displaygd@ | f A RThg A OSy & S¢
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)

| 7" RoboAnalyzer = o X
File + | MechAnalyzer | HTM Module | Virtual Robots | Addins: MotionPlanning_2R + @) Help | Feedback | ContactUs = About
3D Model | Graph | v | Browser 7
l 3D Model  Graph
A Q-4
{4 4dBED>»>»»>
Analyses
Time (s) No of Steps
1.00 : 100 B
FKin 1Dyn
1Kin FDyn

Gravity(m/s"2)

Links.
D-H Parameters 7
Defaut Robots Joint Joirt T Joint Offset Joint Angle Link Length Twist Angle Initial Value Final Value Visuaize DH  Link Config EE Config Joint Trajectory

No e e theta) deg @m (aipha) deg (V) degorm (V) degorm

- OOF | e = T i = o oros Select Joint Speed
Select Robot volt 0 Var 0 0 80 '
R © |2 |Revoute 0 Variable 02 0 0 ) Joint1 Sow Fast
Custom Robots Joint Offset Joint Angle Link Length Twist Angle Together None
[ -] Base Frame to End-Effector
Vitual Robots

Figure 2.1(b) RoboAnalyzer GUI
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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 selectingitie Saptidn under the Custom Robot section.

(Figure 2.2(a)) or Under thie C Aopt®réin the Main menu

2. Specify the desired number of Degrees of Freedom (DOF) by entering the value in the DOF figddh @Hidure
2.2(b))

3. a2RATe G(KS NAEresbérdgXBH) pafayhétatsiasirequired, then dliok NB | i $o gendrateaind
display the custom robot in the workspace. (Figure 2.2(b))

4. The customized robot can be saved locally in .XML format by selectitg{the gpt® 2 (Figure 2.2(a))

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

7" RoboAnalyzer — (u} X |

|: File v+ = MechAnalyzer HTM Module = Virtual Robots  Addins: MotionPlanning_2R - \‘_,) Help = Feedback ContactUs About
3D Model | Graph v | Browser .

3D Model  Graph

(oo RAFeal|

M4 <dED> >

Analyses
Time (s) No of Steps
1.00 3 100
FKin 1Dyn
1Kin FDyn
Gravity(m/s"2)
i Links
n n .f
| select Robot ocliy BH
D-H Parameters V 2
|| Defaut Robots Jont Joirt Offset Joint Angle Link Length Twist Angle Intial Vaiue Final Value Visuglize DH  Link Corfig EE Config Joint Trajectory
] Ehaudbisiad t) m gheta) deg @ m (pha) deg V) degorm (V) degorm

|2 DOF = = — = = Select Jort Speed
1 Setect Robat 1 Revohte 0 Variable 0 180
| = y |12 [Revokee 0 Varable 02 0 0 %0 Joint1 Sow B

—_—
Custom Robots ™~

2= @ h Open/Create Custom Robots ]

Joint Offset Joint Angle Link Length Twist Angle Together None

Base Frame to End-Effector

-Vt chote |
Figure 2.2(a): Default Interface

RoboAnalyzer: Add New Robot (Skeleton Model) n
Enter DOF: 6 OK | Create Robot Cancel
.'Jqoint Joint Type Joint Offset Joint Angle Link Length Twist Angle Initial Value Final Value

o ib) m ftheta) deg (@) m (alpha) deg (JV) degorm V) degorm
1 Revolute  ~ |0.05 Variable 0.1 0 0 %0
2 Revolute 0.05 Varniable 0.1 0 0 %0
3 Revolute 0.05 Variable 0.1 0 0 30
4  |Revokte 005 Variable 0.1 0 0 %
5 Revolute 0.05 Variable 0.1 0 0 %0
6 Revolute 0.05 Variable 01 0 0 %0

Figure 2.2(b): Creating a New Custom Robot

6
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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 selectingttbena@d® & S f S OaptiohsRuddar ihe EH
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 Wf{th@ t S O i
w2 0 2ofitianQ

9. After setting these parameters, user can generate the robot by clicking on the green ticKlrnackSelected
w2 0 Poption.

10 ¢ KS RSAANBR NRoO620 Ad SBYESXI ViShawiwpigire KB a Ol aS I «a

11. The customized robot can be saved locally in .XML format by selecting{thie dpt® (Figure 2.2(a))
12. A previously saved robot can be loaded into the workspace using the_J8pyiaR. (Figure 2.2(a))

j* RoboAnalyzer — o X
|: File »+  MechAnalyzer HTM Module = Virtual Robots = Addins: MotionPlanning_2R - \,) Help | Feedback ContactUs About
3D Model |“Graph » | Browser 13
3D Model Graph
QY- @
M < 4 ED» D>
Analyses
Time (s) No of Steps
1.00 5 100
FKin 1Dyn
IKin FDyn
Gravity(m/s"2)
i Links
Select Number of
: DOFs of the Robot
B e a
o it Off s T Lk Length  Twist Angle  Intial Valve Final Value Visuslize DH  ink Corfig EE Config  Joirt Trajectory
No g @ m (alpha) deg (V) degorm WV) degorm
: #] " [ Load Selected 5 3 ; . Soecdore  Soeed
S — 0
Robot 0 [m o - .

Joint Offset Joint Angle Link Length Twist Angle Together None

Base Frame to End-Effector

23838388

0

3 Revote ananie 012 30 0

082 Variatle 0 % 0

Select the - o = :
Robot Model 0115 Vaiable 0 0 0

Figure 2.2(c): User interface for DH parameters and select robot option.
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7/ RoboAnalyzer

|* File + | MechAnalyzer

3D Model | Graph |

HTM Module  Virtual Robots = Addins: MotionPlanning_2R

http://www.roboanalyzer.com

» @) Help | Feedback | ContactUs | About

D-H Parameters

Default Robots Joint
No

6 DOF
Select Robot
Kukak v (@)
Custom Robots

2= -

ololalw[n[=

‘ Virtual Robots

Joint Type

Revolute

Revolute
Revolute
Revolte
Revolute
Revolte

Joint Offset

b)m theta) deg
04 Variable
{0135 | Variable
0.135 Varable
0.62 Variable
0 Variable
0.115 Variable

Joint Angle Link Length

0

@ m

018 %0
[os [180
0.12 %0
0 %
0 %0

0

(alpha) deg

Twist Angle Initial Value

(V) degorm

0

0
0
0
0
0

Final Value
V) degorm

8|83 83 8|8

< | Browser
3D Model Graph
QX @~ @
MHa«a<dBED> >
Analyses
Time (s) No of Steps
1.00 s 100 5
FKin 1Dyn
IKin |Foyn
Gravity(m/s"2)

Select Joint Speed

Joint1 Slow

Visualize DH Link Config EE Config Joint Trajectory

Fast

Joint Offset Joint Angle Link Length Twist Angle Together None

Base Frame to End-Effector

Steps to Create a robot using a custom XML file :

13. The user can also create a new custom robot by selecting’thelJSy Odza (i 2 Y NERaptdhiundeNR Y
the Custom robots option as shown in figure 2.2(e).

14. After clicking on thé h LIS y°

Figure 2.2(d):

/ dza (i 2 Y w2 0optidn, BB Médirected to aFfite in&néager window.

6 DOF KUKA KR5 Arc

15. The user can select the desired XML file from the file manager and cliékliheJ$ptién.

7" RoboAnalyzer

D-H Parameters
Default Robots

2 DOF
Select Robot
R - ©

Custom Robots

H ()

{ Vitual Robots

File HTM Module
3D Model | Graph J

Virtual Robots| 8

L

Organize ~

a Gallery

B Desktop

Downloads

® D, =
& Pictures

Click on

1> > Pl
o

s

Jont Trajectary

“Open Custom Robot
from XML file” Option

Joint Offset Join|
Base Frame to Ei

Select a .XML Robot

Model from the local

computer

Figure 2.2(e): GUI of generating robot using an existing XML file

a
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2.3. OVERVIEW OF USER INTERFACE

w2o02! yIfel SNRa

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

1.

© © N o O~ N

e el =
w N kO

Robot Selection and DH Parameters section

Visualize DH section

Sl a

3

G2

Robot Kinematics and Dynamics Analysis Options

3D Model View

Graph Plot Tree View

Graph Plot Window

Interface of inverse Kinematics
Create, open and save robots
MechAnalyzer Module

. HTM module

. Virtual Robots

. Add-ins

. User assistance options

7" RoboAnalyzer

dza S DNJ LIKAOFE | aSNJ

File »  MechAnalyzer le | Virtual Robots  Addins: MotionPlanning_2R - @ Help = Feedback ContactUs About
| /3D Model | “Graph | -

http://www.roboanalyzer.com

(3)
o X

( < 30 Model  Graph
Aaxe~-4
MHadadED» >
Analyses
Time (s) No of Steps
. 1.00 s |00 :
i FKin 1Dyn
Al IKin FDyn
. Gravity(m/s"2)
% Links

. N\

-H |

auk Robots ot T Jort Offset  Jont Angle  Link Length  Twist Angle  Initial Vaiue Final Vakse Visusiize DH  Link Corfig EE Corfig  Joint Trajectory | 2
No e &) m theta) deg (8) m {aipha) deg (V) degorm V) degorm
: el 005 Vatabi 0.8 % 0 180 S bk " A
bt evokte 0 . 0 (]
RRP [© 2 Revolte 005 Varable 0.08 90 90 180 Joint1 Slow Fast
3 Prismatic Variable 50 0075 90 0 01

Custom Robots Joint Offset Joint Angle Link Length Twist Angle Together None

= 3 b Base Frame to End-Effector

Virtual Robots

Figure 2.3(a): User Interface of 3D Model View
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f‘j‘ RoboAnalyzer

|- File »  MechAnalyzer Virtual Robots  Addins: MotionPlanning_2R

http://www.roboanalyzer.com

+ () Help Feedback | ContactUs | About

: 3D Model ;'Grg |

"
RoboAnalyzer
—— Joint2: JointValue (degree) —— Joint3: JointValue (degree) —— Joint1: JointValue (degree
200 r - - - - & 4 Joint 1
t : ] Jointvalue
] Jointvel
[ [] JointAcel
150 - 4 [ Force/Torque
5 ] & 4 Joint 2
] Jointvalue
- [ [ Jointvel
2 900 L....... ] [ JointAcel
'>' E [[] Force/Torque
=4 Joint 3
] Jointvalue
50 J ] [ Jointvel
] (] JointAcel
[ Force/Torque
0 A AR Name Joint1: JointValue (degree|
) ' ) ' ! ETN T tme v
0.0 02 04 06 08 1.0 14 Symbol e
) Line Style Solid
\ Time (s) \ J
o -
D-H Parameters L
Defauit Robots ot Lo Joint Offset  Joint Angle Lmk Length ~ Twist Angle  Intial Value Final Value Misualize DH  Link Config EE Config Joint Trajectory
7 No e t)m theta) deg (A} m (slpha) deg (V) degorm  WV) degorm
P T revo 0 Variable 03 0 0 180 Select Jore e
| Select Robot S i ! I | - nl
‘ R . @ 2 |Revte |0 Vanable 025 0 Y 180 doitl v gy Fast
3 |Revokie 0 Variable 01 0 0 100
Custom Robots Joint Offset Joint Angle Link Length Twist Angle Together Nene
i TR = Base Frame to End-Effector
‘ Vitual Robots

Figure 2.3(b): User Interface of Graph Plot View

7
—

N

7+ Inverse Kinematics

- u] X
Select Robot: 2R Planar -
Joint Offset (b) m Link Length (a)m Twist Angle (aipha) deg End Effector
1 0 101 10 Xm: 01 xy)
29 Z 0 2 9 Ym: 01
a
Analysis Complete
Solution1 For FKin Solution2
Thetal {degy 0 Select Inttial Values  Thetal (deg): 90
Theta2dear 90 [soton | fheradigeg: 90
Select Final Values
Show ]SomanZ e Show
0K

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



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

File | MechAnalyzer HTM Module Virtual Robots = Addins: MotionPlanning_2R \_)lHelp Feedback Contact Us Aboutl

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.

A Zoom:Place the mouse cursor anywhere on 3D Model View and use the awhse to zoom in and zoom
out. It can also be done by clicking dBaom InandZoom Outbuttons.

A Rotate: Press the right mouse button and drag the mouse cursor anywhere on the 3D Model View to rotate
the model in the workspace.

A 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.

A Standard ViewsSelect any standard view from the drolpwn and the model view updates.

A The user can enable or disable the egftector path tracing to visualize or hide the trajectory followed by the

robots end effector.
A The user can also customize the workspace background to enhance visibility or suit personal preferences.

Standard h ~
Views Change
background
Color

Trace End
Effector

Figure 2.4: Model View Options
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3. DENAVIFHARTENBERG PARAMETERS VISUALIZATION

The architecture of industrial robots is usually represented by Dettasitenberg (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 o& robotlink 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 igghlighted in the DH parameter input table and a transformation frame

moves in the 3D robot model. It shows the twoaalinate frames corresponding to the selected DH parameter.
DX A MK AL m o S A

FaSNE Ol ¢ 2 QS Ak MNEg a deordinate frame moves covering all the four DH parameters

corresponding to the selected joint.
I

2 SNE O Base(Ffameéxd Engt ¥ F 8 Auitah Mdsee a cerdinate frame moving from base frame to
end-effector frame covering all the DH parameters of the robot model.

7" RoboAnalyzer

File »  MechAnalyzer HTM Module | Virtual Robots = Addins: MotionPlanning 2R - J Help = Feedback ContactUs About
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3.2. LINK CONFIGURATION

The configuration/ transformation of a eardinate frame (DH frame) attached on each rofiok 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.

A Select a joint. 18oint 1is selected, it corresponds to @dinate frame attached on Link 1.

A SelectPrevious Link Framer Base Framas the reference frame with respect to which the transformation
needs to be determined.
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A Click onlUpdatebutton and 4X4 transformation matrix is populated. A pair ocbedinate frames is shown in
3D robot model to help user in visualizing the transformation.
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3.3. ENEEFFECTOR CONFIGURATION

The endeffector configuration/transformation can be determined with respect to the base frame directly by

dzid A y 3 LIRK $uoé 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.
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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-8rHF SO 2 ND &
consisting of its positionral 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

O2y FAIdzNI GA 2

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

1.Set theinitial andfinal values of joint variables. (Figure 4.1(a))
2.SetTime Durationand Number of Steps

3.Click orFKinbutton
4.Click orPlaybutton to see the animation

5.The endeffector trace can be viewed. (Figure 4.1(b))
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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 onGraphtab. (Figure 4.2(a))

2.Click or{+] next to the link of which the plots are to be viewed (Figure 4.2(b))
3.Click orboxto plot graph of a particular node to see X, Y and Z plots

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

5.Click orboxto 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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5. INVERSE KINEMATICS

Inverse Kinematics (IKin) consists of determination of the joint variables corresponding to a givérifeAdS O (i 2 N &
orientation and position. The solution to this problem is of fundamental importance in order to transform the
motion specifications assigndd the endeffector in the operational space into the corresponding joint space
motions. There may be multiple or no results possible for a givenedfedtor position and orientation. More

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

Suggested Playligtttp://www.youtube.com/watch?v=7Ahv982H4IM

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./ £ A ON Y Buyfién ¢Figure 5.1(a)). It shows a separate window (Figure 5.1(b))

2.Select a Robot

3.Enter Input parameters

4.Click onKinbutton

5.View the possible solutions

6.Click orShowbutton. 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 orOK.This step replaces the initial and final joint values in DH Parameter table (Main window) by values
selected in step 7

9.Click onFKinbutton (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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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, thdgnamics 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 Ghaated 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 trajectgrof 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

Set theinitial andfinal values of joint variables. (Figure 6.1(a))

SetTime Durationand Number of Steps.

SetGravity (all values should be in Sl units, i.e. m/s"2).

Select a robotink to enter its Center of GravitfC@ location. It corresponds to a vector from the CG of the

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

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

5. SelectMass Propertief a robotlink. SetMassof each robotlink (values should be in Sl units, i.e. kg) and
setlnertiatensor of each robetink with respect to the cardinate frame attached at the CG of the robotlink
and the ceordinate frame is parallel to the one attached to the robimik (values should be in Sl units, i.e.
kgm”2). These values are to be entered malhyuand not calculated automatically from the shape of the
robot-links. (Figure 6.1(c))

6. Click onFKinbutton (required to populate the input joint trajectory). (Figure 6.1(c))

A w DR

7. Click orPlaybutton to see the animation (only for visualization purpose, not necessary for IDyn).

2
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8. Click onDynbutton to perform Inverse Dynamics computation.
9. Click onGraphtab to view the graph.
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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 or{+] next to the joint of which the plots are to be viewed
2.Click orboxto plot graph of joint torque/force
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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 bgmics 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 shownFigure 7.1(a).

1.Set theinitial value of joint variables
2.SetTime Durationand Number of Steps
3.SetGravity (all values should be in Sl units, i.e. m/s"2)

4.Select a robetink to enter its Center of Gravitf@ location. It corresponds to a vector from the

CG of the robetink to the origin of the cerdinate frame attached to that link, measured in the reference of
the coordinate frame attached to that link.

5.SelectMass Propertieof a robotlink. SetMassof each robotlink (values should be in Sl units, i.e. kg) and
setlnertia tensor of each robetink with respect to the cerdinate frame attached at the CG of the robotlink
and the ceordinate frame is parallel to the one attached to the robiok (values should be in S| units, i.e.

2
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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 onFDyndropdown to select the required simulationFreeor Forcedto perform Forward Dynamics. In
Free Forward Dynamics, the robot is simulated for fizde 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 orPlaybutton to see the animation
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9 0.08'92.617590382374 34.42027971" 0.001574471389761990.0255508363204547 ' 1.04284954323384E-05
11 10 0.09'102.998672386642 34.96249772"  0.0016903872985204 0.0303059465415775  '1.15988016326316€-05
12 11 01'112.964741415815 311.5175756970" -35, k - -
13 12 0.11'122.473344984367 '316.04118374651 - -
14 13 0.12'131.482921907283 "320.288335522584 From thlrd column onwards,
15 14 0.13'139.952779001657 '324.23647915566
16 15 0.14'147.843060920138 '327.864490802423 h l p d to
17 16 0.15'155.114723281138 :aal.zaz«)mazsn each column corresponds
18 17 0.16 161.729520447846 334.084225497554
T T T the joint force/torque values
20 18 .1II.BJ%SM13041' '3”}1613//%90/
21 177.262835227075 :360.5‘)3004915114 at each t'me-step
22 5099568408 341.965813732076
23 76353 "342.929149927447 35.388 X 3 3 -0
24 -34,74551345 ~(I.()0]677)ﬂ§ 0.“1)||’X)7‘34| 02715 ’) 11103459072924€-05
2 -33.98577274 -0.00509975 0.214207017257685 2.12753358286524E-05
2 First column: Frame number -33.1106456 -0.006782582 0.23752885766808 72.13447237132629€-05
27 -32.12208715 -0.008755218 0.261911256467769 2.13165408072659€-05
28 second co'umn: ﬂme data 31.02704109 0.0110559420.287164241394029 :2 11801622610423€-05
29 20.82845738 0.01372666 0.313063505554359 2.0961351824882€-05
30 29 0.28 177.533170280277 338.343871992184 28.5342908 0.0168124510.339351864763601 ' 2.06323099936472E 05
E3Y 30 0.29'172.765237919353 "336.165509559656 27.15297908 0.020360813 0.36574167126986 "2.02017244071023€-05
2 31 0.3'167.005558288313 "333.64583 7305781 25.69429933 0024420574 0.391918240942785 ' 1.96638210209434-05
33 32 0.31160.264332176918 "330.801750018884 -24.16930222 0029040436 0.417544322998929  '1.90374142997691€-05 1
data 4
n TR HE dbo @8 Mo & 00% v = — + 2

Figure 7.1(b): Format of the CSV File containing time data and joint force/torque data for Forced Forward Dynamics



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

8. TYPES OF JOINT TRAJECTORY

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

is the computation of sequence of joint angles that the robot's joints must follow to execute a specific
task.Polynomials functions likey€loidal, Cubic, Cosine or Quintic are used to generate the set of continuous
LR2Ayda Ay aLIl OS (G2 ONBIFIGS I LI GK F2N GKS NRo20GQa 22Ay

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 stapl 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 filergées 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 CS¥xport 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

| 8] RoboAnalyze

| File + MechAnalyzer HTM Module = Virtual Robots  Addins: MotionPlanning_2R

- @ Help = Feedback = ContactUs About

http://www.roboanalyzer.com

“30 Model )" Graph | «  Browser '}
30 Model Graph
RoboAnalyzer G-& Links
—— (inka_ EnaX (m) . ﬁt'“:'; 1
5
0:16 T T T T ! &4 Link3
: : End_X
014 + £ {JEnd_y
: Copy {JEnd_z
012 + 4 A LR D S it 4 . | Save Image As... - Joints
onol: : T Export Data 25 CSV
' : Page Setup...
g page up.
% nnt...
2 008 ] :
S Show Point Values
0.06 + : Z
. Undo All Zoom/Pan
004 + S Set Scale to Default
0.02 + : ,_L
' R Narme k3 EndX fm
0.00 ; ; ; . ; 2 ‘
Color Hl DarkMagenta
0.0 0.2 04 0.6 038 10 12 Symbol None
LineSt Solid
Time (s) Doty
D-H Parameters 2 |
Defaut Robots St T JontOffset  JontAngle  Link Length  TwistAngle  Intial Value Final Value Visuskze DH Link Config EE Config Jomt Trajectory
I *oor 1N it e b) m theta) dog (2} m (aiphs) deg (V) degorm  (JV) degorm
| e 1 |Revokte 005 Variable 008 % 0 180 O Cydadal O Cibic
|'RRP v @ |2 |Revote  |005 Varable 008 % %0 180 ° O ause
3 Prsmatic Variable %0 0075 %0 0 0.1 - -
Custom Robots O Fie Input
2=8
Virtual Robots

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 ar&igure 10.1)

Simulation and analysis of around 18 Mechanisms.

Animation with coupler curve feature.

Generation of velocity and acceleration diagrams of various mechanisms.
Plotting Instantaneous centres in mechanisms.

Static Force Analysis.

N o gk~ owbdpe

User can run gear simulation and understand gear terminologies.

WwWSFSNI G2 aSOK! ylfel SNR& 2viwl.folbanalfzergodimedniindy3er .l NJ Y 2 NB

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

Suggested Playlighttps://www.youtube.com/playlist?list=PLYForsr6emXufDXIg9U2em9DBt

| %% MechAnalyzer
| VAD, IC and SFA Module = CAM Module | Gear Profile Module | Gear Meshing Module | Mechanism Explorer
| 3D Model 2 [ Graph | -

MechAnalyzer

Value

-] 0s 10 12
Time (s}

Paramets Input Joint Options
it s @ L1 lo.2000 = L5 |0.1000 = Minimum Value Inversion
0

&) m L2 l0.0s00 = L6 |0.1000 = e — First it

' » > Maximum Value
+ F- L3 0.1400 = 260 [ Other Branch (Mimor)
[ A S

¢ - Reverse coupler

oK e u - L4 01800 ¢ Number of ;7 = O i L

Rotations =

Browser L
3D Mode!  Graph

AXELIUF -0
MA<AED > >

Analyses
@ Aways show trace
Time Duration No of Steps

100 2 100 =
FKin IDyn
FDyn

Input Joint Trajectory

Linear v

Gravity(m/s"2) |
[+ Links |

FOURBAR MECHANISM
GRASHOF

Figure 10.1: MechAnalyzer User Interfce.

RS

- A


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 locaFdme 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 thed | ¢ a Y 20Rtiwi F3ain 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 clickingt dzy R2 | £ f. 1 22 Yk LI y ¢
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.

s HIM Moduie - o X

Fle Tansformation Sequences View Show Settings  Reset
O Locs O Goba Conr
’’’’

' y Local
Frame -_.,
Geal_

Ty

Figure 11.1(a): User interface for homogenous Transformation matrix
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(W HTM Module
Fle Tonsormation Sequences View Show Settngs  Reset

3D Cube Model

Figure 11.1(b): User interface for HTM show option

8 HTM Module
File Transformation Sequences View Show §enings ] Reset

Colors » Themes

Base Frame Background

Grid

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 betweefiocal" or "Global" options. (Figure 11.1(a), 3a)
/I ftA01 2y GKS GNIXyaT2N¥YIGA2Yy GlFrod NaAay@ABYBWaE  SEdAY
{ SOG A ayasestiondand ther S E LINSsadiion. ARigére 11.1(a),[3a, 3b, 3c])
y  Homogenous transformation matrix (HTM) This Section provides the user with the following
options:
Current Matrixshowing the completed displacement by the user.
Position matrixshowing the Initial to Final position matrix step by step.
Visualiseoption shows the step by step matrices of the Translation and rotation executed by
the user.
Output window: shows the order of transformations executed by the user. (Figure 11.1(a), 3c)
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4.

10.

User can translate the local reference frame in XYZ directions under the translate section. (Figure
11.1(a), 3a)

Enter the values in X,Y and Z field<Clickx ¢ NI y.af I (1 S§

The user can rotate the local frame by entering the angle value(in degrees) in the Angle field in the Rotate
section->clickomx w2 (.1 0 S ¢

While moving, values in the HTM under the¢ dzNN3X y iab ehangesdh Eeadl time.(Figure 11.1(a), 3b)
Under thea { K2 ¢ t 2ab fFigure2.4(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.

Under thed + A & dzkbf (Rigur £1.1(a), 3b), every motion executed is classified iifo Translational,

n: Sequence number of the motion) and(lR 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.

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 pusittiplication is
performed for the local frame motion.(Figurd 1 (a), 3c)

i) 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 valiesrrate.(Figure 11.2(a), 4a)
Under"Custom” Tab > Enter the Number Of Rows (No of Rows) >@HKckSelect and choose the
parameters according to the sequence > Enter the Values > Cligkiorate. (Figure 11.2(b), 4b)

User camdd/Delete the rows by selecting a particular row.

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

This also contains thdTMand theexpressionsections.(Figure 11.1(a), 3c)
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Figure 11.2(a): User interface for HTM sequence of Motions 1
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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 SimulationVisual 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 Angle€uler 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 includirRbllYaw (RP)Y

The following steps are to be followed (as illustrated in Figures 12(a) and 12(b)).
1. Click omd = A NJi dzI buttom2(Bigiré £2¢1)
2. A new window/form is shown. By default CAD model ofdhe . . L wobot is displayed. (Figure 12(b))

3. Select a robot from the drogown and click omii [ 2 | TReERobot 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 thie[ 2 lbpfan, theyared | 2 YS t #ddd 4 & 8 i Blaptionsl OS¢
5. Byclickingoi | 2 YS t zalithejoinaggéegand the end effector position(coordinates) with reference

G2 GKS o61&asS 2F GKS w2620 N8B NBaSG 2 GKSANIAYAGALI
6. By clickingonthé / £ S NaptiohNIh©fath traced by the end effector will be cleared. (Figure 12(c))

i

File v+ MechAnalyzer HTM Module
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2 D Select Joit eed
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Figure 12(a): Click an+ A NJi dzI Butten2ndRabibAnalyzer Window
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Figure 12(b): Virtual Robot Module
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Figure 12(c): End Effector Trace @nd f S| NaptiohNJ OS ¢

Suggested Playligtttps://www.youtube.com/playlist?list=PLYForsr6emXuUUdxlze7TMASbWb27XPv46

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
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As shown in the Figure

a ¢(Top)

a w(Right)

a [ (Eeft)

a CEront)

a . (Back)

oL €Right Isometric)

a h (Left isometric)

a | (Right rear isometric)
a t (Eeft rear isometric).

© © N g s~ wdhPRE

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 afglegard
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 thelTM (Figure 12.1)
'aSN) OFly OKIFIy3aS GKS w2020Qa 22Ay0G ly3afSa o6& dzaAy3d (K¢
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 eeffiector transformation is updated with every change in joint angle(s).



























