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w. e. f. Academic Year: 2026-27
Semester: 5
Category of the Course: Core Courses

Prerequisite: Minor Degree (Module 1)

Rationale: This course aims to inculcate thorough understanding about basic knowledge of
mathematics, kinematics and dynamics required for understanding motion programming
and operational / control functionality in robotics.

Course Outcome:
After Completion of the Course, Student will able to:

No Course Outcomes

01 To understand terminologies related to Kinematics and Dynamics of Robotics.

02 To apply mathematics for manipulator positioning and motion planning.

03 To analyze basics of motion programming as per kinematics.

04 To estimate the force/torque required to drive a robot.

Teaching and Examination Scheme:

Teaching - Learning Scheme
(in Hours per Semester) Tota.ll Assessment Pattern and Marks
Credits : . Total
- Theory Tutorial / Practical | pp4 s
L | T P PBL*| TH | tH/30 | ESE| PA| PA/| PBL/| ESE
I ™M @M @ V)
45 0 30 45 120 4 70 0 0 50 30 150
Course Content:
Unit Content No. of % of
No. Hours | Weightage

Mathematical Preliminaries of Robotics:

Spatial Descriptions: positions, orientations, and frame, mappings:
changing description from frame to frame, Operators: translations,
rotations and transformations, transformation arithmetic, compound
Transformations, inverting a transform, transform equations, Euler
Angles, Fixed Angles, Euler Parameters

13 29
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Robot Kinematics:

Manipulator Kinematics, Link Description, Link to reference frame
5 connections, Denavit-Hartenberg Approach, D-H Parameters, 13 29
" | Position Representations, Homogeneous Transformation Matrix,

Forward Kinematics. Inverse Kinematics, Geometric and analytical

approach.

Velocities & Statics:

Cross Product Operator for Kkinematics, Jacobians - Direct

Differentiation, Basic Jacobian, , Jacobian Jv / Jw, Jacobian in a
3 Frame, Jacobian in Frame {0}, Kinematic Singularity, Kinematics 10 29
" | redundancy, Force balance equation, Forces, Velocity/Force Duality,

Virtual Work, Force ellipsoid, Jacobian, Kinematic

Singularity, Kinematics redundancy, Mechanical Design of robot

linkages,

Robot Dynamics:

Introduction to Dynamics, Velocity Kinematics, Acceleration of rigid
4 body, mass distribution Newton’s equation, Euler’s equation, 09 20
" | Iterative Newton —Euler’s dynamic formulation, closed dynamic,

Lagrangian formulation of manipulator dynamics, dynamic

simulation, computational consideration.

Total 45 100
Suggested Specification Table with Marks (Theory):
Distribution of Theory Marks
R Level U Level A Level N Level E Level C Level
10 10 30 40 5 5

Where R: Remember; U: Understanding; A: Application, N: Analyze and E: Evaluate C: Create (as
per Revised Bloom’s Taxonomy)

References/Suggested Learning Resources:
(a) Books:

1. S. K. Saha, Introduction to Robotics 2e, TATA McGraw Hills Education (2014).

2. Dilip Kumar Pratihar, Fundamentals of Robotics, Narosa Publishing House, (2019)

3. Asitava Ghoshal, Robotics: Fundamental concepts and analysis, Oxford University Press
(2006)

4. M. Spong, M. Vidyasagar, S. Hutchinson, Robot Modeling and Control, Wiley & Sons, (2005).
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5. J. J. Craig, “Introduction to Robotics: Mechanics and Control”, 3rd edition, Addison-Wesley
(2003).

(b) Open source software and website:

NPTEL Course Name Instructor Host Institute
Robotics Prof. Dilip Kumar Pratihar IIT Kharagpur
Robotics Prof. P. Seshu, Prof. P.S. Gandhi, [IT Bombay

Prof. K. Kurien
Issac, Prof. B. Seth, Prof. C. Amarnath

Suggested Course Practical List: If any

List of Laboratory/Learning Resources Required:
Major Equipment:

1. Computational facility.

2. Robotics laboratory
Suggested Project List:

List of Suggested Activities for Problem based Learning:

Sr. Name of the activity No. of hours Evaluation Criteria

No.

1. | Industry/Research  laboratory | Visit=5hrs., Based on report submitted.
visit Report preparation = 5hrs. | Report should contain

Total = 10hrs. observations and calculations
based on industry/ lab data.

2. | Technical Video based Duration of video = 5hrs. | Report /presentation based on
learning Report preparation = 5hrs. the video learning outcomes.
related to the subject Total = 10hrs.

3. | Assignment writing. Numerical| 5 assignments of 4hrs. | Based on the correctness of
based assignment is preferable. | each. submittedassignment.

Total = 20hrs.
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4. | Problem solving/Coding usingl 5 small  coding-based | Based on the coding solution
C, assignment of 2hrs. each.| submitted.
C++, MATLAB, Total = 10hrs.
Python,
SCILAB, modeling and
Analysis software or any other
software
5. | Self-learning online course Minimum duration of the | Examination based assessment
course should be 10hrs. at the end of course. Based on the
certificate produced.
6. | Identification and solution Maximum 2  problems. | Based on the depth of the
of Study of the problem and | solution submitted.
Complex problem solution finding, Total =
10hrs.
7 | Videos on Duration of video = 5hrs.  |Based on quiz/report submitted
Industrial Report preparation = 5hrs.
safety/Disaster =~ Management | Total = 10hrs.
aspects based on subject
8 | Technical paper reading 5 research papers = 20 | Summarize research paper and
and hrs. evaluation critical parameters
summarization  of research
papers based on relevant
subject
9. | Poster/chart/power Duration = 6 hrs. Based on poster/chart
poi preparation and presentation
nt skills
preparation on technical topics
10 | Working/non-working ~ model] Working = 12 hrs. Based on inter
on Non- working = 8 hrs. department/external evaluation
technical topics
11 | Industrial exposure for 2-3| Duration = 15 hrs. for | Based on evaluation of critical
days to observe and provide Industrial exposure Problem| problems and solutions
tentative solutions  on identification and tentative
society/environment/health/susta| solution = 10 hrs. Total =
inability/any other issue 20 hrs.
12 | Group Discussion Duration = Min. 1 hr. per| Based on performance in group,
on subject. Max. 3 hrs. per discussion, technical depth,
emerging/trending technical | subject knowledge etc.
topics based on subject
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13. | Real world case studies- Duration of data | Based on in-depth study,
based collection/study = 5hrs.| technical depth, data collected,
learning Report preparation = 5hrs,| fact finding, etc.

Total = 10hrs.
14. | Application/Software Duration = 10 hrs. Depending on the complexity
Note:

e All the suggested activity should be related to the subject.

e The number of hours is suggestive. Faculty can sub-divide the number of hours based on
the activity. However, total number of hours is fixed.

e Rubrics for the evaluation can be prepared by the faculty.

e Subject teacher can add the relevant activities other than those listed above, with the consent of
head of the department and DQAC.

e All records pertaining to the evaluation and assessment of self-learning activities must be
properly maintained and preserved at the institute level. These records should be made
available to the university upon request.

e Institutes are encouraged to utilize digital platforms, such as Microsoft Teams, for effective
record- keeping and to ensure transparency in the evaluation and assessment of self-learning
activities.
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