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3rd National Workshop on Advances in Robotics
Indian Institute of Technology Madras, Chennai

A brief report
The 3rd National Workshop on Advances in Robotics, organized by IIT Madras and 

Robotics Society of India (RSI) was held at IIT Madras on 18th and 19th July 2016. 
The workshop was inaugurated by Prof. Ashok Kumar Mishra, Dean (academic 
Research), IIT Madras on 18th July 2016. Prof. Asokan Thondiyath (IIT Madras), the 
organizing secretary of the workshop, welcomed the participants and emphasized 
the need for such regular programs to update the recent developments in the field 
of robotics. 

Resource persons included eminent faculty from IIT Delhi, IIT Kanpur, IIT 
Roorkee, IIT Madras, IIT Jodhpur, IISc., Texas (A&M) University, scientists from 
R&D Engineers (DRDO), and experts from private industries. Keynote lectures 
were delivered by Prof. Ashitava Ghosal (IISc., Bangalore) and Mr Alok Mukherjee 
(R&D Engineers, Pune). The topics covered during the two days of the workshop 
included kinematics of manipulators, robotic vision and applications, autonomous 
systems, soft robotics, mobile robotics, motion planning, visual servoing, and 
reinforcement learning. 

More than 60 participants attended the workshop. Participants included faculty from 
academic institutes, engineers from industry, scientists from R&D establishments, 
and graduate students from various institutes.  

The workshop was sponsored by Defence Research and Development Organisation, 
New Delhi. Workshop group photograph is on page 2.

TEQIP sponsored National Workshop
on Robotics and Control (RAC 16)
at NIT Calicut in Association with

Robotics Society of India (RSI) during
23rd – 27th May, 2016

A brief report
The TEQIP Sponsored National Workshop on “Robotics and Control (RAC 

16)” was organized by department of Mechanical Engineering, National Institute 
of Technology Calicut, Kerala in association with RSI during 23rd – 27th May, 2016. 
With the motto of creating a critical mass of robotic researchers and professionals 
in the country, this workshop was initiated a focused, high-end training program 
named “Robotics and Control”. The main objective of the workshop was to provide 
a unique opportunity of learning and discussing recent developments in different 
aspects of Robotics and strengthen the linkage between academia and industry. 
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Advances in Robotics (AIR 2017)
3rd International Conference of Robotics Society of India
June 28 – July 2, 2017
Indian Institute of Technology Delhi, New Delhi, India

FINAL CALL FOR PAPERS
Advances in  Robotics (AIR) is a  series of biennial conference 

organized by  the Robotics Society of India. The conference aims 
to create a forum to present and exchange new ideas by re-
searchers and developers from India and abroad working in the 
fields of robotics and its applications. The conference would have 
plenary talks, oral and poster presentations, and special industry 
oriented sessions.

AIR 2017, will be held at IITDelhi, New Delhi, during  
June 28-July 2, 2017. Full paper submission deadline: March 
1, 2017. The previous two editions of AIR were held at 
R&DE, DRDO Pune (AIR 2013) and BITS Pilani Goa Campus,  
Goa (AIR 2015). 

The conference website is http://www.advancesinrobotics.com.
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Participants and faculty at the National workshop on Robotics at IIT Madras

The workshop was esteemed by well-known experts 
working in the field of robotics within India. The workshop 
was attended by around 60 participants from different 
academic institutions and industries in India. Both the 
theoretical and practical aspects of robotics were addressed 
in this workshop with talks from speakers working in these 
fields from different institutes and industries. Workshop 
was inaugurated by Sri. Alok Mukherjee, DRDO Pune & 
Vice President of RSI, followed by his keynote address. 
Other speakers include, Dr. Ashish Dutta from IIT Kanpur, 
Dr. Ashitava Ghosal from IISc Bangalore, Dr. Kurien Issac 
from IIST Trivandrum, Dr. Pushparaj Mani Pathak from 
IIT Roorkee, Dr. Asokan Thondiyath from IIT Madras, Dr. 
Santhakumar from IIT Indore, Dr. Sandipan Bandyopadhyay 
from IIT Madras and  Dr. Sudheer A P from NIT Calicut. 
The valedictory function was presided by head of the 
department of Mechanical Engg, Dr. N.Ramachandran 
and the chief guest of the function was Dr. Ashish Dutta, 
secretary, RSI.

Dr. Anant Malewar from Nex Robotics presented an 
expert talk as well as an exciting demonstration of their 
Autonomous vehicle. Mr. Aditya Marathe of Nugenix 

presented a talk on kinova’s robotic arm. Mr. Jaimurugan 
from Edutech presented a session on their mobile robots. 
Mr. Rajeevlochana G. Chittawadigi from IIT Delhi conducted 
a hands-on session on RoboAnalyzer. Mr. Sreekanth M from 
NIT Calicut conducted a hands-on training on development 
and basic controls of robots. RAC 16 was supported by RSI, 
NEX ROBOTICS, NUGENIX and EDUTECH. Participants 
are very much happy with the facilities, workshop contents 
etc. Workshop RAC 16 was a grand success.

Topics Covered
Kinematics of serial robots, Dynamics and control of 

Serial Robots, Kinematics  and Bipedal stable locomotion – 
Demonstration, Control Techniques  in Robotics, Kinematics 
and Dynamics of Parallel Robots, Autonomous Field Robots: 
Design and control, Design and control of Surgical Robots, 
Bond Graph Modelling of Robots, Design and development 
of 4 legged robot, Motion Planning and Control in 3D terrain, 
Biped robots with compliance, Laboratory Sessions: Hands 
on training on actuator control, sensor integration  and 
development of small robotics systems; Training on Robo 
Analyzer.

Participants and faculty at TEQIP sponsored workshop on Robotics and 
Control at NIT Calicut



upon the modular divisions, possible assembly combinations are 
derived for required number of degrees of freedom. Dimensional 
synthesis is followed for each combination, keeping the 
reachability, obstacle avoidance and variable-limits as constraints 
and minimum normalized torque as objective. Best synthesized 
assembly is recommended for the given task.

The Vision: A Multi-layer approach is envisioned to serve a 
spectrum of possible service applications of modular robotic 
manipulators. A single modular library can be used for very different 
applications like assembly-automation, repair and maintenance 
welding, etc at separate times. The concept can be expanded 
in the proposed multi-layer fashion. To represent the concept, a 
case study on a repairing and welding pedestal cracks in Vertical 
Raw Mills (VRM) in a cement plant is presented through Fig. 4, 
to represent the application of a task-based modular manipulator. 
This field of challenging welding applications presents one of the 
situation given by the welder (courtesy: Ador Infotech Ltd.), a 
3-dimensional simulation of the fracture along with its location and 
environment is developed, as shown in Fig.4. Crack is analysed 
and divided into equal number of working locations which can be 

approximately approached by the same assembly of manipulator 
and are considered to constitute a single set. 
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A Robotics Research Platform at IIT Ropar 
www.punjrobotics.com 
To uplift the interdisciplinary field of Robotics – within the 

institute and around – PunjRobotics is established at IIT Ropar as 
a common platform for work exchanges, discussions and 
interdepartmental activities. ‘PUNJ’ represents the five directions 
- Industrial, Medical, Defence and Security, Rural and Education 
- identified through brainstorming sessions in the first workshop on 
January 16, 2016 (a view shown in Fig. 1). 

Figure 1: PunjRobotics Workshop @ IIT Ropar

The common key serving to this diversity is the interdisciplinary 
nature of the tasks involved in any application. By participating in 
the national and international activities, significant contributions 
can be made and many needs within India can be met. The 
activities are grouped into two areas to reflect high energy robot 
and low energy robot applications as follows.

PR-studios: The common platform is designed as two  studios 
– low energy studio (Light-Studio) and high energy studio (Heavy-
Studio). Presently, only the works related to industrial robotic 
applications, as shown in Fig. 2, are taken up in the heavy-studio 
where powerful actuators with extreme safety measures are 
necessary. This focuses on the automation and manufacturing 
applications and is considered essential for India. The activities will 

cover from basic 
a u t o m a t i o n 
a p p l i c a t i o n 
to advanced 
c o l l a b o r a t i v e 
m a n u f a c t u r i n g 
applications where 
the latest human-
robot scenarios will 

be considered.

Low energy robots, where close human-robot interaction is 
essential, include service, healthcare and medical domains. 
Current inclination of the heavy studio is towards Modular Robotics 
and that for the light studio is towards Micro Robotics.

Heavy Studio: Modular Robotics
To provide an adaptive modular library for easy correspondence 

between the unconventional designs and the fabrication 
methodologies, a parameters-based modular approach is 
proposed and worked upon in the lab. The D-H parameters have 
been studied for the kinds of variations in twist angles. These 
aspects are accommodated in the proposed architectural design 
of the modules. The optimized designs of various possible modular 

combinations 
and the 
selection of 
an optimal 
m o d u l a r 
assembly for 
given tasks 
are the major 
a s p e c t s 
which have 
been worked 
upon in the 
team. 

T h r e e 
types of 
a c t u a t o r s 
have been 
s e l e c t e d 
based upon a 

trade-off analysis involving motors’ weights and maximum torque 
capacity. Each link module has three components, as shown 
in Fig. 3. The first of them is a Basic-length link module, which 
consists of a cylindrical casing with motor, internal gear box and 
encoder inside it. In this gear-box, 2 bevel gears are presented. 
One of them being fixed and another one coupled with motor’s 
shaft. The casing is directly attached to alpha-module. Another is 
an Adaptive twist module, which is a small part between a basic 
length link module and next link, and serves for the twist angle 
adjustment. It comprises of a worm gear and a half cut worm 
wheel and is attached to the gear box casing. The third component 
is an extended link-length module which is a 50 mm long link with 
2 flanges at both ends and with no actuator inside it. It’s used for 
changing the value of the link lengths which is optional. Based 

Light Studio: Micro Robotics
Micro Robotics is an interdisciplinary field that combines aspects 

of robotics, micro and nanotechnology, biomedical engineering, 
and materials science. The faculty members and students from 
Mechanical Engineering Department and Centre of Materials have 
commenced a couple of projects in Light Studio for Artificial skin 
and Flapping wings. 

Artificial skin with pressure and strain sensing capabilities 
for robotic systems: To contribute in the direction of advanced 
sensors which can allow robots to interact with surroundings, 
our goal is to develop artificial skin with pressure and strain 
sensing capabilities. Primary requirement for such a skin will be 
the flexibility and resistance to external thermal and mechanical 
loadings. To this end, a novel artificial skin is being worked upon 
using advanced materials-design concepts like functionally 
graded materials and carbon nanotube based hybrid and nano-
composites. The first trial of artificial skin will consist of a soft, 
elastic material filled with carbon nanotubes. The integrity of 
the developed skin with base robot material will be tested using 
multitude of experimental and computational tools. A mini UTM 
machine is procured under PunjRobotics for primary tasks related 
to peel tests and tensile tests, as shown in Fig. 5.

Unconventional Aerodynamics for Flapping wings: Flying like a 
bird is something that humans have strived since the emergence 
of intelligence. Unfortunately, lift generation through flapping like 
birds and insects is highly complex and complicated phenomena 

which humans have failed to replicate. To fulfil their desire to fly 
humans developed their own contraptions! Over the generations 
these contraptions got refined through systematic scientific study. 
Key outcome of this systematic study will be various analytical and 
computational models and wind tunnel testing for study of motion 
in fluid medium. A plot from an initial study is presented in Fig. 6. 

[RSI Students’ Chapter]
The students’ chapter of RSI (Robotics Society of India) was 

inaugurated during PunjRobotics two-day workshop on January 
16, 2016.  More than 50 students had joined the society and 
planned annual activities for the upliftment of RSI and the Robotics 
field, in general. Since then two one-day workshops have been 
organized, one at IIT Ropar, in January 2016 and another at 
Thapar University, Patiala, in July of 2016.

PUNJROBOTICS

Figure 6: Micro Robotics: Flapping wings  

Figure 2: Motion Planning through Kuka SimPro Figure 5: Micro Robotics: Artificial Skin 
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Some of the student projects funded under PunjRobotics 
include Reinforced Learning Based Approach to work in cluttered 
environment using Humanoid (Bishal Ghosh, ME-IIT Ropar, Fig. 
7[a]), 3D Reconstruction of Workspace using Depth Sensor (Athul, 
ME, Fig. 7[b]), and  (Shubham Saneja, EE). Apart from the institute 
activities, the infrastructure is exposed to school/college students 
from many nearby cities (students interacting with NAO Humanoid 
robot in Fig. 7[c]). 

Figure 7(a)                            Figure 7(b) 

Fatigue Induced Hand Tremor
Classification and Compensation for 

Robot Assisted Surgical Systems
Researchers:  Sourav Chandra, Asokan Thondiyath

Surgeons’ hand tremor is a significant restraining factor in 
Minimally Invasive Surgery (MIS). It severely limits highly accurate 
movements that are of primary interest in MIS cases for better 
surgical outcome.

Minimising the effect of muscle Fatigue Induced Tremor (FIT) 
in Robot Assisted Laparoscopic Surgery is challenging because 
of the dynamic characteristics of tremor. Analysis of the FIT, its 
classification, and filtering strategies for hand tremors in Robot 
Assisted Laparoscopic Surgery are the major parts of this research 
work.

A thorough analysis of FIT in Laparoscopic Tool Manipulation 
(LTM) has been carried out and an experimental methodology to 
find the dominant axis of fatigue induced hand tremor is proposed 
[1]. The characteristics of fatigue induced tremors have been 
studied in the dominant axis [2].

In order to detect the muscle fatigue level, spectral properties 
of Surface ElectroMyoGraphy (SEMG) were also investigated 
simultaneously. As the FIT characteristics in the dynamic scenarios 
cannot be analysed by the frequency model alone, a parametric 
model based approach was proposed. The acquired SEMG signal 
and the estimated joint torques were fused in this model, through 
a Kalman filter. Variations in the model parameters over a period 
of time has been used further for separating the fatigue induced 
tremor levels. A K-Means++ clustering framework was used for 

                                             
(b)

Figure 1 (a): Robot assisted master manipulator. 
(b): Tremulous and filtered signal.
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Design and Analysis of novel
Quadrotor configurations for improved

performance
Researchers:  Ganeshram Nandakumar, Asokan Thondiyath

Vertical Take Off and Landing (VTOL) based UAV systems have 
gained importance and are being applied in the fields of aerial 
photography, 3D-mapping, precision-farming, surveillance, etc. 
They are classified based on the configurations, and the multi-
rotor system has turned out to be the most reliable for small area 
landing, take off, and hovering capabilities. Most of the missions 
conducted by a multi-rotor UAV system demands better payload 
carrying capability and endurance, which are important criteria for 
designers. 

We propose a deviation from the conventional ways of 
improvement in a quadrotor system through innovative design 
changes, in order to improve two or more of the above mentioned 
factors. To improve the payload carrying capability of a VTOL 
system, either larger propellers or more number of propellers have 
to be used. A large propeller improves efficiency and endurance, 
but increases the footprint of the VTOL system. Using more 
propellers enhances payload capability but increases the footprint 
and power consumption of the VTOL system. Therefore, larger 
propellers or more number of propellers in a conventional VTOL 
system is not a suitable solution. Conventional design of quadrotor 

does not allow a lesser footprint while using large propellers, as 
the size of the system cannot be less than (1+) times the diameter 
of the propeller used. 

Hence, a new design approach, VOOPS, is proposed to 
overcome this limitation, wherein the propellers are allowed to 
overlap without colliding with each other, which is achieved by 
placing them in different planes (Fig. 1). In this way, propellers with 
larger diameter can be accommodated within smaller footprints, 
enabling better payload carrying capability and endurance for 
the same footprint. We have performed a detailed theoretical 
and experimental analysis of a new configuration of quadrotors 
with propeller overlap and offset.  A theoretical framework was 
proposed using blade element and momentum theory for the 
analysis of thrust losses due to overlap and offset.

Figure 1 : VOOPS quadrotor

It was found that the losses due overlap were minimal up to 25% 
overlap and the losses due to offset were almost negligible at rotor 
operating velocities. An experimental setup, as shown in Fig. 2 
was used to verify the thrust losses due to overlap and offset. The 
results confirmed the findings of the theoretical analysis. 

Figure 2.  Experimental setup for measuring the thrust losses 
due to overlap and offset.

VOOPS showed a satisfactory performance with a PI-PID 
controller (as available on commercial autopilots) for the control of 
the VOOPS VTOL in simulation studies and for the experimental 
vehicle. VOOPS specific back-stepping controller was designed 
and compared with the controllers available on commercial 
autopilots. The experimental vehicle has shown superior 
performance in terms of payload capability and endurance when 
compared to the existing quadrotor UAV systems of the same 
class. The experimental vehicle weighing 3000 grams was able 
to fly for 60 minutes and was also capable of carrying additional 

Figure 7(c)                           

The entire team thanks Prof Gurvinder Virk, Technical Director, 
InnotecUK, for his guidance in formation of the group!

The team would also like to thank Prof Sarit Das, Director IIT 
Ropar, for his belief in the team and for the seed grant support for 
the interdisciplinary platform!!

this purpose. The model parameters were found to be exhibiting a 
distinct pattern for all the subjects. In order to filter the tremor, an 
Empirical Mode Decomposition (EMD) based framework has been 
proposed [2]. The tremor affected signal has been decomposed 
into its Intrinsic Mode Functions (IMF) and a filtering threshold has 
been used for regenerating the tremor-free signal. Results have 
shown the effectiveness of the method in filtering out the tremor 
signals at different fatigue level (Fig. 1).

 The proposed method is unique in the sense that it works without 
any presumption of FIT characteristics, unlike the conventional 
impulse response based filtering technique. Although the intention 
of the work is primarily towards FIT compensation, the model 
based fatigue study can be used for rehabilitation, prosthetic arm 
design and other similar areas where detection and filtering of 
muscle fatigue induced tremor plays a crucial role. 

(a)

Robotics Activity @ IIT Madras, Chennai
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For further information please contact:
Dr. Pushparaj Mani Pathak, Newsletter editor,  Mechanical & Industrial Engineering Department, IIT Roorkee,  pushpfme@iitr.ac.in
Prof. Ashish Dutta, Secretary, Robotics Society of India, Dept. of Mechanical Engg., IIT Kanpur. adutta@iitk.ac.in
Prof. Santanu Chaudhury, Vice President (Academic), Robotics Society of India  
Director, CSIR-Central Electronics Engineering Research Institute, Pilani .  santanuc@ee.iitd.ac.in

payload of 2295 grams which is ~40% better than the conventional 
designs. 

1. Nandakumar, Ganeshram, Thiyagarajan Ranganathan, Arjun B. J, 
and Asokan T.,  Design and Analysis of a Novel Quadrotor System 
– VOOPS,. International Conference on Robotics and Automation 
(ICRA), Seattle, 2015

2. Patent on  A Multirotor with a vertically offset overlapping con-
figuration and uses therof’, Application number: 5621/CHE/2014, 
filed on  07/11/2014

Design and development of a four
degrees-of-freedom robotic hand

Researchers:  Edison Tamilmani, Sandipan Bandyopadhyay

There are several robotic arms, most of which are 
anthropomorphic in nature and hence based on the serial 
architecture. Serial robots have large workspaces but they require 
large joint actuator efforts to manipulate relatively small payloads. 
This makes the serial robotic arms rather unsuitable not just for 
manipulation of heavy loads, but also for mounting on smaller 
mobile/autonomous platforms.

In comparison, the parallel manipulators can handle relatively 
heavier payloads. All the actuators are placed on the fixed 
base frame in a parallel manipulator. Hence, unlike in the serial 
manipulators, there are no actuators mounted on the intermediate 
joints, and consequently there is no spurious loading of most of the 
actuators for carrying others. This advantage, however, comes at 
the cost of relatively smaller workspaces in parallel manipulators. 
Thus the motivation of this research becomes to design a hybrid 
hand to achieve a reasonable compromise between the payload 
capacity, and workspace size. 

A novel architecture of a “hybrid hand” is shown in Fig.1. It has 
three different loops, and a total of four degrees-of-freedom. The 
load in the vertical direction is majorly carried by a planar RSSR 
chain. Hence it can be statically balanced for the required loading 
conditions. The main advantage of the proposed hand is the usage 
of smaller motors for the same task, while compared with the serial 
hand of similar dimensions and capabilities. 

Figure 1: A schematic of the proposed four-degrees-of-freedom 
hybrid hand

The objectives of the ongoing research are to perform the 
kinematic analysis and to obtain an optimal design based on static 
performance of the hybrid hand. 

The forward kinematic problem of the hybrid hand has been 
solved yielding eight solutions, which are computed analytically 
in the closed-form. The inverse kinematic problem leads to a total 
of forty-eight solutions, which are computed by decomposing 
the inverse kinematic problem into three subproblems. This 
decomposition allows for a systematic solution of the problem, as 
well as an intuitive geometric visualisation of the solutions. The 
mathematical formulations are verified via numerical examples. 
The validity of the solutions is established by retrieving the forward 
kinematic results in inverse kinematics. These results have been 
reported in [1]. This work would be continued into the fabrication 
of the proposed hand, its motion planning and testing of the 
developed prototype.

References
[1] E. Tamilmani and S. Bandyopadhyay, “Kinematic analysis of a novel 
hybrid hand,” to be presented at the 4th Asian Conference on Mechanism 
and Machine Science, December 2016, Guangzhou, China. 

Third SERB School on Robotics will be held at IIT Delhi  
June 23-28, 2017.  

For details, contact Prof. S.K. Saha (saha@mech.iitd.ac.in) .
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