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Importance of Robotics cannot be undermined in today’s world. From large scale 

industries to necessities of a simple household; Robots are all around us. The 

opportunity for robotics spans over wide range of industries and geographies. Given 

how every passing year is making world increasingly automated, this will further 

accelerate over the next 10 years. Keeping this in mind, to encourage TEQIP 

colleges to inspire their teachers and faculty to get involved in robotics, KIT 

organized the third course in Robotics this year in association with Indian Technical 

and Economic Cooperation (ITEC) Program. The course comprised of the essential 

theoretical aspects of robotics from the basics to advanced applications. Each 

module was integrated with hands on experiments and applications. There were 

invited speakers from industries and research laboratories to expose the participants 

to real world robotics applications and research. The course aimed at helping 

teachers, researchers and industry personnel to upgrade their skills in the areas of 

robotics and automation. 
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TOPICS DISCUSSED 
 

 

 Introduction to Robotics 

 Fundamentals issues in Robot Kinematics 

 Dynamics 

 Mobile Robots 

 Motion Planning 

 Control Techniques 

 Sensors and Actuators 

 Computer Vision 

 Multi Robot Co-ordination and formation control 

 Industrial Applications 

 Laboratory Sessions and Quiz 

 Project 
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PARTICIPATING INSTITUTES 

 

S. 

No. 

Institutes Number of 

Participants 

1. Shri Guru Gobind Singhji (SGGS) 

Institute Of Engineering and Technology, 

Nanded 

5 

2. Aligarh Muslim University 3 

3. Visvesvaraya Vational Institute of 

Technology, Nagpur 

1 

4. Centre for Advanced Studies  

(AKTU Lucknow) 

1 

5. MMMUT Gorakhpur  2 

6. Jawaharlal Nehru Technological 

University - College of Engineering, 

Hyderabad 

4 

7. HBTU Kanpur 1 

 Total 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

STATEWISE PARTICIPATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WORKSHOP SCHEDULE 
 

 10:00-11:00 10.30 – 11.30 12:00 to 13:00  15:00 to 

17:30  

 

 

Monday 

 24 Sept 18 
Inauguration and 

High Tea 

Plenary Talk I 

Prof. A. Goshal 

Introduction 

to Robotics 

course 

Prof. Ashish 

Dutta 

Free Free 

 9:00 – 10:00 10.30 – 11.30 12:00 to 13:00  15:00 to 17:30  

 

Tuesday  

25 Sept 18 

Spatial 

Transformations 

Prof. Bhaskar 

Dasgupta 

DH Representations 

Prof. Bhaskar 

Dasgupta 

Kinematics (FI 

and IK) 

Prof. Ashish 

Dutta 

Jacobian, 

Singularity, and 

Workspace   

Prof. Ashish Dutta 

 Wednesday 

 26 Sept 18 
Motion 

Planning 

Prof. Bhaskar 

Dasgupta 

Actuators and 

Sensors 

Prof. Ashish Dutta 

Robot 

Programming in 

VAL – II  

Prof. Ashish 

Dutta 

Lab Session - 1 

Prof. Ashish Dutta, 

& Dr. Anjali 

Vishwas Kulkarni 

 Thursday 

 27 Sept 18 
AI in Robotics 

Prof. Indranil 

Saha 

Vision I 

Prof. K.S 

Venkatesh 

 

Trajectory 

Planning  

Prof. Ashish 

Dutta 

Lab Session - 2 

Prof. Ashish Dutta 

& Dr. Anjali 

Vishwas Kulkarni 

UP
50%

Maharashtra
43%

Telangana
7%



Friday 

28 Sept 18 
Quiz 1 

(CROB) 
Embedded Systems (ES) 

Prof. S.P Das 

ES Lab Session- 
3  

Prof. S.P Das 

29 Sept Designing Reconfigurable Unmanned Aerial Vehicles (UAV) & UAV  LAB 
Prof. Abishek 

Session 4 
30 Sept.                                                              Lucknow VISIT  
Monday 

 1 Oct 18 

 

Plenary Talk II 

Prof. T. Asokan 

Underwater 

Robotics 

Prof. T. Asokan 
Free Free 

Tuesday     
2 Oct 18                     

HOLIDAY (Gandhi Jayanti) 

Lab Session-6 (CROB) 
Wednesday  

3 Oct 18 Control 

Techniques I 

Prof. Saumya 

Ranjan Sahoo 

Control 

Techniques II 

Prof. Saumya 

Ranjan Sahoo 

Rehabilitation 

Robots 

Prof. Ashish 

Dutta 

Smart 
Material 

Prof. 

Bishakh 

Bhattacha

rya 

Pipe 
Robot 
Demo 

 Thursday 

 4 Oct 18 

 
Vision II 

Prof. K.S 

Venkatesh 

 

MATLAB based 
Robotics 

Applications 
DEMO 

Mr. Dhirendra 

Singh 

Lab Session 8 
Vision Lab (Laptops needed) 

Prof. K.S Venkatesh 

 

 Friday 

5 Oct 18 

 

Autonomous 

Navigation of 

Ground BOT 

 

Prof. Mangal 

Kothari 

Lab Session 9 

ROS, LiDAR, 

Kalman Filter, 

Control, etc. 

Prof. Mangal 

Kothari 

Control Lab 
Prof. Saumya 

Ranjan Sahoo 

VALEDICTORY 
FUNCTION 

 

 

 

 

OUTCOME 

This course gave participants a broad overview of the field of Robotics through numerous 

lectures and laboratory sessions. Participants learned about essential theory introducing 

almost all the aspects of the topics related to Robotics. It inspired them to further expand 

their knowledge in this field by making the course interesting through numerous 

demonstrations and hands-on experiments through lab sessions.  

  
  

 

 

 

 

 



Organizer’s Report 

 

An Indian Technical and Economic Cooperation (ITEC) program and Technology Education 

Quality Improvement Program (TEQIP) joint workshop on ‘Robotics’ was held during 24 Sept. 

- 5 Oct., 2018 at IIT Kanpur. Twelve candidates from Oman, Ethiopia, Nigeria, Egypt, 

Seychelles, Mexico, Mauritius and Tanzania participated through ITEC program. Fourteen 

candidates from across the country from different institutions participated through TEQIP 

program in this course.  

 

The main objective of this course is to give the participants a broad overview of the field of 

Robotics through numerous lectures and laboratory sessions. The lectures covered the essential 

theory introducing almost all the basic and few advanced aspects of the topics related to 

Robotics. The theory covered was substantiated by numerous demonstrations and hands on 

experiments through laboratory sessions. Two keynote lectures were delivered by the experts 

on the state-of-the-art research in advanced robotic fields in the country. One keynote was 

delivered by the industry expert. Around 20 lectures, 9 laboratory sessions and one quiz were 

held during this two weeks duration of the workshop. 

 

The workshop schedule was carefully designed to keep the pace and flow with the major topics 

in the field of Robotics. This is achieved through the numerous lectures based on the theme of 

the day and supporting lab sessions pertaining to the theory covered on that day.  Based on the 

feedback of previous TEQIP sponsored workshops, a lecture on VAL programming and other 

on microcontroller architecture were added to the schedule. 

 

Various topics covered were: History of robots, types of robot manipulators, manipulator 

kinematics, dynamics and their control, Jacobian, singularity and workspace analysis, motion 

planning, configuration spaces of mobile vehicles and manipulators, geometric modeling and 

sensor based map building, path planning, obstacle avoidance, VAL–II robot programming 

language, vision and image processing, artificial intelligence in robotics, microcontroller 

architecture n embedded systems, control techniques, designing reconfigurable unmanned aerial 

vehicles, autonomous control of variable pitch quad-rotor helicopters, rehabilitation robots, and 

underwater robots. A lecture on the experience of developing a ground robot for the robotic 

competition was delivered which gave a flavor to the participants of how a real life problem is 

tackled through iterative process based on the feedback of intermittent design and testing of the 

modules. 

It was for the first time such a kind of workshop of longer duration with national and 

international participants together was held. It was a great experience alike for the sponsors, 

organizers, speakers, laboratory facilitators and of course, the participants. These two weeks 

were exemplary of the team work, punctuality, mutual understanding, and accommodative 

nature of all involved in successful completion of this workshop.  

 

 

 

 

 



Day wise proceedings of academic schedule of the workshop are presented below. 

 

 

Day 1, Monday 24th Sept. 2018 

On the first day, soon after the brief inauguration of the workshop, first keynote lecture was 

presented by Prof. A. Ghosal of Mechanical Engineering Department of I. I. Sc. Bangalore.  He 

presented on the kinematics, dynamics and control system analysis of hyper-redundant 

manipulators.  He also elaborated on the research experience of novel mechanisms (parallel 

robots) developed for sun tracking for concentrated solar power plants.  

 

Later, Prof. Ashish Dutta elaborated on the theme, structure and schedule of the workshop.  He 

briefly presented the history and evolution of robotics field. 

 

Many international participants were to arrive late on the campus, post lunch sessions were kept 

free. 

 

Day 2, Tuesday 25th Sept. 2018 

On the second day, during two consecutive lectures, Prof. B. Dasgupta covered kinematics 

fundamental topics such as: rotation and translation transformations, representation of rigid 

body motion, and development of the basis of D-H parameters useful in frame transformations 

needed in direct and inverse kinematics. 

 

Prof. Dutta revised the basic topics in robotics such as: degrees of freedom (dof), types of joints, 

forward and inverse kinematics. He continued building the concepts of Jacobean, singularity 

and workspace of manipulators in two consecutive lectures in post lunch session. 

 

Day 3, Wednesday 26th Sept. 2018 

Dr. Dasgupta started the proceedings of the third day with the basic mathematical problem 

formulation of motion planning, Newton-Euler and Euler-Lagrange formulation equations. He 

covered in details the topics related to motion planning and various methods in use for it. 

Starting with problem statement to generate a path specifying a continuous sequence of 

positions and orientations of the robot, he went on building the mathematical formulation and 

the deterministic and probabilistic methods to solve the problem. He explained roadmap 

methods, cell decomposition methods, potential field methods as the deterministic methods, and 

probabilistic methods of planning a path for the manipulator with collision avoidance. At the 

end of the lecture he compared the techniques and presented the extension of the basic path 

planning problem and presented the merits and de merits of them. 

The next lecture was delivered by Dr. Dutta on various types of actuators and sensors used for 

internal and external sensing for close loop control of robots. The third lecture by him covered 

robot programming language, particularly, VAL-II programming language of PUMA 560 

industrial robot. 

 

After having the basic theory covered through these lectures, laboratory sessions were planned. 

For this, five groups (two of ITEC and three of TEQIP participants) were formed. First two 

laboratory sessions were held at the Centre for Mechatronics covering following experiments: 

  



1. Industrial robot PUMA Demo and its Programming using VAL-II language 
and teach pendant                                            

2. Study of Encoder and DC servo motor control 
3. Study of Stepper Motor control with manual timer based control, Arduino 

microcontroller based control, and motion control card based control using 
LabVIEW platform 

4. Installation and programming of National Instrument’s my DAQ data 
acquisition hardware and Pressure Sensor interface to it  

5. Educational Robot IR and US sensors 
6. Kinect based Skeleton tracking 
7. Gesture based mobile robot movement control 

 
All the five groups covered these experiments turn by turn during two days (26 and 27th Sept.) 

laboratory sessions during 3.00-5.30 pm sessions at Centre for Mechatronics. 

 

Day 4, Thursday 27th Sept. 2018 

Dr. I. Saha started the proceedings of fourth day with ‘Artificial Intelligence in Robotics’ topic. 

He introduced a compositional multi-robot motion planning framework that uses pre computed 

motion primitives for a group of robots based on an encoding to satisfiability modulo theories 

(SMT). He specified the desired behavior of this group of robots using a set of safe linear 

temporal logic (LTL) properties. He described how the method described uses a library of 

motion primitives, each of which corresponds to a controller that ensures a particular trajectory 

in a given configuration. Using the closed-loop behavior of the robots under the action of 

different controllers, motion planning problem was formulated as an SMT solving problem and 

use of an off-the-shelf SMT solver to generate trajectories for the robots was described. 

Experimental results were shown in the form of videos. 

 

The next lecture was on ‘vision’ topic by Dr.  K. S. Venkatesh. He presented the introduction 

to vision and imaging theory, high speed shape estimation and gesture recognition.  

 

The third lecture covered the topics of ‘trajectory planning’ by Dr. Dutta.  

 

The day was concluded by the laboratory session at Centre for Mechatronics as described 

earlier. 
 

Workshop dinner was arranged in the late evening by the International Relations Office and 

TEQIP cell to have informal discussions. 

 
 

Day 5, Friday 28th Sept. 2018 

A quiz of one hour duration was held at the start of the fifth day proceedings. It followed with 

an elaborative and descriptive three hour lecture on ‘embedded systems’ by Dr. S. P. Das. He 

wonderfully presented the walk-through microprocessors and applications. He started 

explaining the number system, digital electronics, history of microprocessors, advancement of 

Intel 4004 – Intel 8080 – Intel 80256 microprocessors, comparison of Harvard with Princeton 

architecture (separate program and data memory with that of same program and data memory, 

respectively) used for ballistic range calculation fired from a missile, etc. He then introduced 



the functional advancement of PIC, peripheral interface controller family architecture. With a 

specified instruction execution, he described the data and program instruction flow and the 

efficient memory bank architecture. He briefly presented the set of instructions, their memory 

allocation and retrieval, timing diagrams, data flow w.r.t. internal block diagram of the 

controller. At the end of the lecture, he described about the assembly language programming 

instructions and developed a program to light ON a LED at PORT 3 of PIC 16F877A which 

will be experimented during the post lunch laboratory session.  

In this laboratory session, students were divided in groups and given the microprocessor kit and 

related hardware components to develop, burn and execute the assembly language program to 

light LED.  

 

Day 6, Saturday 29th Sept. 2018 

On sixth day, Dr. Abhishek talked about ‘Reconfigurable Unmanned Aerial Vehicle –Design 

and Control’. The lecture elaborated on the step by step design procedure (propeller selection, 

motor selection, span of tilting wing segment, airfoil selection, wing sizing and integration of 

prototype) of a novel quadrotor convertiplane VTOL UAV with high efficiency for efficient 

forward flight. The concept of ‘Navigation for Autonomous Aerial Vehicles by IIT Kanpur’ 

(NAAVIK), the first multi platform auto-pilot developed in India, was also mentioned.   

In the consecutive session, participants visited the Flight laboratory situated at the airstrip. With 

a brief presentation on the structural design and development of a mini helicopter, its test bed 

for performance measurements and control, field demonstration of the flying autonomous 

helicopter was given.  

 

Day 7, 1st Oct. 2018 

First day of second week session began with the keynote lecture by Dr. T. Asokan, Professor, 

IIT Madras. Later, in the subsequent lecture he elaborated on his teams experience on the 

research, design and development of underwater robots.  

 

Proceedings of the post lunch session were cancelled as ITEC participants were taken to a field 

trip to Agra. 

 

Day 8, 2 Oct. 2018 

It being a national holiday on the occasion of Gandhi Jayanti, only laboratory session was 

planned in the morning session for the participants at the Centre for Mechatronics to repeat and 

explore other robotics related experiments.  

 

 

Day 9, 3 Oct. 2018 

First lecture of this day’s proceedings started with ‘Control Techniques’. This was an interactive 

session on the basic control theory by Dr. S. R. Sahoo covered in two consecutive lectures. 

Based on the illustrations during this theory session, Dr. Sahoo invited participants to his control 

lab to perform hands-on experiments and problem solving using the hardware kits. Accordingly, 

a laboratory session was accommodated on the last day of the workshop before the valedictory 

function. 



In the next lecture, Dr. Dutta talked about recent advancements in the rehabilitation robots. He 

presented the need, techniques used, design and control techniques of robots and the final trials 

with the patients with these in-house developed robots.  

Post lunch. Dr. B. Bhattacharya gave a lecture on ‘Smart Mechanisms and Materials. He 

explained the need of smart materials and mechanisms, compared different smart materials with 

their favorable properties, presented the usage and mechanisms of these materials used in 

robotics. The topics covered are: Application of Smart Materials, Smart systems using Smart 

Materials, Smart Actuators, Direct and Reverse Effects, Shape Memory Effect, Self-Healing 

with applications such as: Vibration and Chatter Control, Shape Control, Micro-Positioning 

Devices, Distributed Sensing, Energy Harvesting for Wireless Sensor Networks. He concluded 

the lecture with future scope and advancement of Smart Polymers and invited the participants 

to have a field visit of a real life problem solving pipe inspection robot developed by him and 

his team during the post lunch session.  

In the laboratory session on the design and development of a pipe inspection robot, participants 

first gathered in the smart materials laboratory where they were explained about the usability of 

a Polyvinylidene fluoride (PVDF) based cantilever smart probe technique for detection, 

localization and sizing of surface defects. The design details of the pipe crawler robot, controlled 

by a remote desktop through a wireless communication system that can go inside the pipelines 

and make inspection automatically to scan its surface quality were presented. The other design 

and functioning details were presented by Mr. Ambuj. He explained that during rotation, the 

smart probe touches the inner surface of the pipe and experiences a broad-band excitation in the 

absence of surface features. On the other hand, whenever the probe comes across any surface 

defect, there is a change in vibration response of the probe. Change in the discriminating time 

domain features of the observed damping waveform such as damping factor, peak value and 

settling time are used to interpret the experimental results with the defects in the test sample. 

He also explained about the sensor system reliably predicting the presence and distribution of 

projections, holes and surface roughness artificially constructed inside the pipe.  He emphasized 

that this innovative sensing system could be used efficiently for pipe health monitoring.  

Later the participants were taken to the functional set-up which is designed, developed and 

installed out door. Demonstration of this innovative pipe inspection robot was presented. 

Everybody was stunned to see the function of this robot which will find tremendous use for the 

industries where huge network of pipe lines inspection has to be routinely carried out.  

 

Day 10, 4 Oct. 2018 

Dr. Venkatesh continued with the second lecture on vision presenting further details. Based on 

the theory covered in the two lectures on vision, later during post lunch laboratory session, he 

and his students interactively conducted a tutorial on 3d sensor capture and recognition through 

reading the image, color segmentation, processing the image morphologically, use of Hough 

transformation, and silhouette based image reconstruction methods, etc. using Kinect vision 

system and hands-on image programming using MATLAB.   

 

Before lunch session, Mr. Dhirendra from Mathworks company, demonstrated MATLAB based 

robot applications. He explained with examples, many tools in MATLAB used in developing 

an autonomous robotics system such as: multi domain simulation, tools used for complex 

workflows and their integration with other tools, and model based design needed in robotics. 

He further demonstrated the MATLAB based programming of drone and it’s functioning. 



 

Day 11, 5 Oct. 2018 

The schedule of fifth day started with a lecture by Dr. Mangal Kothari on making of a ‘robotic 

ground vehicle and its automation’ for an international robotic competition, researched and 

developed by students and mentored by Dr. Mangal. He described in details about the overall 

system architecture and use of specific hardware. During the lecture, motion control, position 

and obstacle avoidance using Intel NUC based overall control, Arduino Mega based E-stop and 

manual control, computer vision using ZED stereo camera toether with Razor IMU and a Dell 

Inspiron based supervisory control aspects were discussed in details. 

Later, he and his students conducted the laboratory session on vision based localization and 

tracking by employing ROS and OpenCV tools. The session covered the topics such as: marker 

based tracking of moving vehicles such as a tilt-augmented quadrotor, camera calibration, 

marker based pose estimator using marker library in OpenCV, use of Kalman Filter to detect 

the blurred moving objects, the process model for the Kalman filter, etc.  Participants were 

provided with the hand outs of the procedures and programming to be covered during this 

laboratory session a day before in advance. This helped them in following the topics covered 

during the session.  

 

Post lunch, participants were taken to Dr. Sahoo’s control lab in electrical engineering 

department where they performed the basic control examples using hardware kits based on the 

theory covered during the lecture on day 9, first lecture by Dr. Sahoo.  

 

The workshop was concluded with a valedictory function conducted by International Relations 

office additional Dean and ITEC coordinator Dr. Rathish Kumar, course organizer and Centre 

for Mechatronics coordinator, Dr. A. Dutta, and course organizer Dr. Kulkarni (organizer). Dr. 

Rathish addressed the gathering and introduced the ITEC policy and conduct of other courses 

at IIT Kanpur. Dr. Dutta Certificates were presented by ITEC and TEQIP cells to respective 

participants.  

 

Thanks are due to the TEQIP coordinator Prof. C. S. Upadhyaya and Prof. Rathish Kumar, IIT 

Kanpur and their teams. With their active support, the workshop turned out to be a successful 

academic event and nice learning experience. 
 

 

 

 

 

 

 

 


