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Course title  

Data-Driven Kinematic Synthesis of Mechanical Motion Generating 

Devices 

Overview 

Recent trends in democratization of manufacturing capability such DIY hobby shops, 3D 

printing technology, as well as low-cost sensors, actuators, and microcontrollers, call for a 

corresponding democratization of design tools that can help engineers and tinkerers alike to 

innovate and invent motion generating devices. Motion Generation is a fundamental aspect of 

machines, at the heart of which are kinematic mechanisms that make it possible for motions 

to be transmitted or transformed.  

 

A kinematic mechanism is a collection of moving pieces linked together through kinematic 

joints such as hinge joints and sliders. Mechanism design innovation involves the selection of 

an appropriate mechanism type, i.e., the number of moving pieces and joints as well as the 

pattern of their interconnections, and the determination of key dimensions in the mechanism 

in order to generate the desired motions. Once a mechanism type is selected, the appropriate 

dimensions can often be found by solving a system of polynomial equations. The task of type 

selection, however, is not so amenable to mathematical treatment, and requires an innate feel 

from a designer which could take many years to develop and yet is difficult to pass on.   

 

Objectives 

The objective of the course is to introduce the participants a data-driven paradigm for 

kinematic synthesis of mechanical motion generation devices. The goal is to advance the 

science of mechanism design and lead to practical and efficient design tools capable of 

solving highly complex motion generation problems faced by machine designers. This 

recently developed paradigm brings together diverse fields of Reverse Engineering, 

Computational Shape Analysis, and Design Kinematics to creation of a new computational 

framework for simultaneous type and dimensional synthesis of various mechanisms. This 

includes  

 

(1) the development of unified versions of design equations that span broad classes of 

mechanisms; and  

 

(2) the development of unified algorithms for data-driven simultaneously the type and 

dimensional synthesis of mechanisms. 
 

 

 



Course Details 

Dec 20, 2016 – Dec 30, 2016 

 
This class will be tentatively scheduled from Dec 20th to Dec 30th, 2016. The format of the class will 

be a combination of lectures and hands-on exercise and programming sessions. 

Date Lecture # Time Topic 

Dec 20 Lecture 1 9:30-11:30 am; 

2:00-3:00 pm 

Geometry of Fundamental Constructs: 

Points and Vectors, Affine and Vector 

Spaces and associated transformations 

Quaternions for 3D rotations and their 

algebra and geometric representation 

Dec 21 Lecture 2 9:30-11:30 am; 

2:00-3:00 pm 

Homogeneous Coordinates of Points, 

Lines, and Planes and Projective 

Duality 

Dec 22 Lecture 3 9:30-11:30 am; 

2:00-3:00 pm 

Quaternions for 3D rotations and their 

algebraic and geometric representation 

Dec 23 Lecture 4 9:30-11:30 am; 

2:00-3:00 pm 

Clifford Algebra for R2 and R3 and its 

relation to Quaternions 

Dec 24 Lecture 5 9:30-11:30 am; 

2:00-3:00 pm 

Dual- and Bi-Quaternions for 3D 

spatial displacements and 4D 

rotations, resp.  

 

Dec 25: No class (Sunday) 

  

Dec 26 Lecture 6 9:30-11:30 am; 

2:00-3:00 pm 

NURBS Geometry and Rational 

Motion Design and Distance Metric 

for rigid body displacements 

Dec 27 Lecture 7 9:30-11:30 am; 

2:00-3:00 pm 

Introduction to Mechanism Synthesis; 

Unified Representation of Kinematic 

Constraints for Linkages 

Dec 28 Lecture 8 9:30-11:30 am; 

2:00-3:00 pm 

Exact and Approximate Synthesis of 

Planar Four-Bar Linkages with 

Revolute and Prismatic Joints 

Dec 29 Lecture 9 9:30-11:30 am; 

2:00-3:00 pm 

A Unified Approach to Linkage 

Simulation and Extension to Planar 

Six-Bar Synthesis 

Dec 30 Lecture 10 9:30-11:30 am; 

2:00-3:00 pm 

Representation of Kinematic 

Constraints for Spherical and Spatial 

Linkages and their Synthesis 

 

 

 

Eligibility to be a participant 

 Faculty from reputed academic institutions and technical institutions 

 Students at all levels (BTech/MSc/MTech/PhD).  

 Engineers and researchers from government organizations including R&D laboratories. 



 Registration Fees 

Industry/ Research 

Organizations 

 

Academic Institutions 

 

Students 

Rs 8,000 Rs 4000 

 

Rs 1000 

 

Assessment criteria  

S. No. Evaluation Criteria Weightage 

1 Manual and Programming assignments 60% 

2 Class participation and Logical assessment  40% 

 

Proposed Budget 

 

S. No. Description of budgetary head per Course 

 

Amount (Rs.) 

 

1. International Expert Air Fare 2,00,000 

2. Honorarium to Experts  2,00,000 

3. Travel and stay to some participants 50,000 

4.  Local hospitality to international and national expert 50,000 

5. Lecture Notes/video-learning 

material preparation 

50,000 

 

6. Contingency 50,000 

7. Video recording expenses  25,000 

8. Miscellaneous expenditure  

 

25,000 

9. Host Faculty Honorarium 

 

30,000 

10. Coordinator Honorarium11. 20,000 

11. Institute overhead 1,00,000 

TOTAL 8,00,000 

 

GRAND TOTAL 8,00,000 

 

Expected Outcomes 

 

Upon completion of this course, students will be able to: 

a. Represent rigid body displacements using Quaternions, Biquaternions, and Dual 

Quaternions 

b. Unify displacement representations in the language of Clifford Algebra and apply 

Clifford Algebra of R2 and R3 in relation to Quaternions Rigid Body Displacement 

Representation 

c. Explain the advantages of applying Kinematic mapping to the space of rigid body 

displacements 



d. Explain why Affine and Projective spaces provide a better setting for doing geometric 

modeling 

e. Model geometric transformations using Linear, Affine, and Projective Maps and 

implement them in Computer Programs 

f. Apply rigid body kinematics to the NURBS and subdivision geometry synthesis 

algorithm to design free-form rational motions 

g. Apply matrix-based and Biquaternion approaches to displacement metric 

determination 

h. Determine a unified Representation of Kinematic Constraints for Linkages 

i. Apply Exact and Approximate Synthesis of Planar Four-Bar Linkages with Revolute 

and Prismatic Joints 

j. Apply Extension to Planar Six-Bar Synthesis and Spherical and Spatial Linkages 

 

 

Course Coordinator  

 

Dr Ekta Singla 

Assistant Professor 

School of Mechanical, Materials and Energy Engineering  

IIT Ropar 

Roopnagar – 140001, Punjab, INDIA 

Email: ekta@iitrpr.ac.in, ekta.singla@gmail.com 

Phone: +91 1881 242160 

http://www.iitrpr.ac.in/smmee/ekta 
http://www.iitrpr.ac.in/mralab 

 

 

 

Ekta Singla is presently working as an assistance professor at the Mechanical 

Engineering Department at Indian Institute of Technology Ropar, Punjab. 

Prior to this, she was a research associate at ISIR, University of Pierre and 

Marie Curie, Paris, and worked for an evolutionary design of a robotic arm for 

cluttered environments of a tunnel boring machine. Recipient of National 

Doctoral Fellowship (AICTE) during her PhD from IIT Kanpur, she has 

contributed in the kinematic synthesis, motion planning and development of 

redundant robotic arms for constrained workspaces. In a short visit of six 

months to Techniche Universitate, Berlin, she contributed in an exoskeleton 

hip design. Her current research interests inclined towards the task-oriented 

designs of robots for maintenance and service applications and realization of 

the designs using modular aaproach. 
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