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Chapter 1

Introduction

1.1 FOSSEE

FOSSEE (Free/Libre and Open Source Software for Education) project promotes
the use of FLOSS tools in academia and research. The FOSSEE project is part of
the National Mission on Education through Information and Communication Tech-
nology (ICT), Ministry of Human Resource Development (MHRD), Government of
India.

1.2 Aim of FOSSEE, IIT Bombay

Aim to reduce dependency on proprietary software in educational institutions. FOS-
SEE encourage the use of FLOSS tools through various activities to ensure commer-
cial software is replaced by equivalent FLOSS tools; also develop new FLOSS tools
and upgrade existing tools to meet requirements in academia and research.

1.3 What is Scilab?

Scilab is a free and open source software for engineers and scientists, with a long
history (first release in 1994) and a growing community (100,000 downloads every
months worldwide).

1.3.1 License

Scilab is available under the GPL License. What does it means?
You have the freedom to:

e use the software for any purpose,
e change the software to suit your needs,
e share the software with your friends and neighbors, and

e share the changes you make.



1.4 Textbook companion project(TBC)

The Textbook Companion Project (TBC) aims to port solved examples from stan-
dard textbooks using an open source software system, such as Scilab and Xcos.



Chapter 2

Tasks

2.1 Case Study 1
2.1.1 ABSTRACT

For the first part of the program, I did case study on forward and inverse kinemat-
ics of a robotic arm using scilab. The case study focused on creating a 6 linkage
robotic arm using scilab functions and simulation of the robotic arm. The functions
were imported from a library(toolbox) developed by Davide Cappucci and Corrado
Guarino Lo Bianco for scilab. Using an industrial model of a robotic arm, I was
able to perform the kinematic equations.

2.1.2 PROBLEM STATEMENT

Forward kinematics is the process of performing kinematic equation on a mechanism
to find the positions and orientations of the end-effector from the joint parameters,
also known by the name direct kinematics. A robot model is designed by describing
Denavit-Hartenberg parameters and forward kinematics of the same is performed.
Inverse kinematics takes Cartesian end-effector position and orientation as inputs
and calculates joint angles. Inverse kinematics is used for trajectory planning and
it is done on a puma 560 model in the case study.

2.1.3 FLOW CHART

1. Forward kinematics
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Figure 2.1: Flow chart of forward kinematics

2. Inverse kinematics
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Figure 2.2: Flow chart of inverse kinematics



2.1.4 OUTPUT

1. Forward kinematics
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Figure 2.3: Simulation of forward kinematics

2. Inverse kinematics
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Figure 2.4: Simulation of inverse kinematics




2.2 Case Study 2
2.2.1 ABTRACT

For the next part of this fellowship program, I worked on minimum Snap trajectory
generation for a quadcopter. The aim of this case study is to create a smooth
trajectory for a quadcopter. Smoothness is a criterion to ensure that there is no
discontinuities in velocity and acceleration. The trajectory is generated using spline
algorithm in scilab.

2.2.2 PROBLEM STATEMENT

Minimum snap trajectory is obtained using smoothness criterion in euler-lagrange
equation. Solving the polynomial gives the conditions for finding constants which in
turn can be used to extract the trajectory. The trajectory thus obtained has errors
which can be eliminated by rounding off the values of position. By eliminating errors
in position, the exact desired trajectory is obtained.

2.2.3 FLOW CHART
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Figure 2.5: Flow chart of polynom.sci



const.sci-returns the coefficients in x,y,z
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Figure 2.6: Flow chart of const.sci



traj.sci-function generates trajectory
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Figure 2.7: Flow chart of traj.sci
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Run.sce-Plot the trajectory and approximate the values without a con-
troller and obtain exact trajectory
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Figure 2.8: Flow chart of Run.sce
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2.2.4 0OUTPUT
Desired output

The desired trajectory trace a square in X-Y plane.

Graphic windowy number 1

Desired trajectorny

Figure 2.9: Plot of the desired
trajectory

Verification

The values obtained are bit different from the desired values due to errors in com-
putation. Since the error in each iterations are close, by rounding off each values we
can actually get the exact trajectory.
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Graphic window: number 2

Trajectory generated and obtained after removing ermors

after reunding

before rounding

Figure 2.10: Plot of trajectory with errors(Green) and devoid of errors(Blue)

2.3 Xcos TBC

This task was to solve any five standard textbooks using Xcos. Not many example
can be solved in Xcos as can be done in scilab. The textbooks I solved for this
particular task is:

1.

AT

Trigonometry by M.corral

A textbook of engineering mechanics by RS.khurumi

Mechanical vibrations by G.k Grover

Principles of electronics by Vk Mehta; S chand publications

A textbook of Fluid mechanics and fluid machinery, by R.K. Bansal
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2.4 Peer review of Xcos TBC

Peer review of the book coded by another fellow. The Xcos codes of the following
books were reviewed by myself and they are:

1. Themodynamics an engineering approach by Yunus Cengel
2. Mechanics materials by R.C Hibbeler

3. Heat transfer a practical approach by Yunus Cengel

4. Fluid mechanics by John F. Douglas

5. Concepts of Physics by H.C Verma
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