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M1: SENSORIZED 
GRIPPER

Anybody can program a robot

Turlapati, Sri Harsha, Gautami Golani, Mohammad Zaidi 

Ariffin, and Domenico Campolo. "Sensorized gripper for human 
demonstrations." arXiv preprint arXiv:2503.14855(2025).

Sensorized gripper in the news

Built using off the shelf parts

https://www.straitstimes.com/singapore/consumer/new-research-centre-
in-ntu-to-further-drive-robotics-role-in-spores-development 
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M2: TELEOPERATED 
ROBOTS

Kana, Sreekanth, Juhi Gurnani, Vishal Ramanathan, Mohammad 

Zaidi Ariffin, Sri Harsha Turlapati, and Domenico Campolo. 

"Learning compliant box-in-box insertion through haptic-based 

robotic teleoperation." Sensors 23, no. 21 (2023): 8721.

Jeffrey Williams 

(NASA Astronaut )



ON HAPTIC SENSING

How can you use haptic sensors on the robot hands, and joints to 

infer task state?



Planar dual arm manipulation
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Human demonstration of 
manipulation task

Remote teleoperation

Turlapati, Sri Harsha, and Domenico Campolo. 

"Towards haptic-based dual-arm 

manipulation." Sensors 23, no. 1 (2022): 376.

Reconstruction 
of contact from 
feedback data



Torque sensed at every joint is a sum 
of intrinsic dynamics

𝜏 = 𝜏𝑓 + 𝜏𝑖 + 𝜏𝑟 + 𝜏𝑜
Sensed 
torque

Friction Inertia Ripple due 
to gear

Torque 
sensor offset

Depends 
on

Joint 
velocity

ሶ𝒒

Joint 
acceleration

ሷ𝒒

Joint 
position

𝒒

Sensor bias

𝝉𝑟𝑜𝑏𝑜𝑡 =  𝚽 𝒒, ሶ𝒒, ሷ𝒒 𝒘

We model the sensed torque as a function of joint position, velocity and acceleration



Wheel bearing turning with intrinsic 
dynamic compensation

Turlapati, Sri Harsha, Juhi Gurnani, Mohammad Zaidi Bin Ariffin, Sreekanth Kana, Alvin Hong Yee 

Wong, Boon Siew Han, and Domenico Campolo. "Identification of Intrinsic Friction and Torque Ripple for 

a Robotic Joint with Integrated Torque Sensors with Application to Wheel-Bearing 

Characterization." Sensors (Basel, Switzerland) 24, no. 23 (2024): 7465.

Read more here



ROBOTICS 
EDUCATION: FROM 
DATA TO MODELS

This content was part of a lecture series in MA2011 : Mechatronic 

Systems and Interfacing



Electromechanical model of SEA

Operating 
voltage

Back-emf

Velocity 
constant

Torque 
constant

Motor 
speed

Shaft 
speed

Load 
torque

InertiaDampingInductanc
e

Armature 
resistance

Electrical 
part

Mechanical 
part

Gear 
transmissio

n 1: N

• If
• voltage ~ torque
• current ~ speed

• Then
• Inductance ~ inertia
• Resistor ~ damping
• Capacitor ~ compliance

• Note
• Electrical power (V*i) ~ 

Mechanical power (𝜏𝐿 ∗
𝜔𝑒𝑛𝑐)



Stall test

Armature 
resistance

Torque 
constant

Command: Varying PWM

V = v*PWM

Data points taken only when V 
was constant, i.e., no transients



MOVEMENT 
SYNTHESIS

I’m also very interested in studying human behavior, but with the aim 

of reusing discovered strategies in robot movement synthesis



GEOMETRIC INVARIANT 
LEARNING : LEARNING 
HUMAN STYLE

Filtering raw data

Training machine
Human demonstration of 

tracing task
Turlapati, Sri Harsha, Lyudmila Grigoryeva, Juan-Pablo Ortega, and 

Domenico Campolo. "Tracing curves in the plane: Geometric-invariant 

learning from human demonstrations." PloS one 19, no. 2 (2024): e0294046.

Machine 
generated 

tracing

Human 
generated 
power law



OPTIMAL ROBOT 
CONTROL

Key idea – Use haptic costs to perform trajectory optimization.



Manipulation planning

Pushing aside 
neighbouring books is 
needed in a crowded 

bookshelf

Modelling the 
bookshelf as a 

planar elastic world

Optimal control force 
in each iteration

Simulation v.s. real world

Yang, Lin, Sri Harsha Turlapati, Chen Lv, and Domenico 

Campolo. "Planning for Quasi-Static Manipulation Tasks Via an 

Intrinsic Haptic metric: A Book Insertion Case Study." IEEE 

Robotics and Automation Letters (2025).

Planar constraint 
implemented on robot



MIXED2REAL 
FRAMEWORKS

Rather than producing data from real world experiments, instead get 

humans to interact with a virtual world with haptic feedback to produce 

similarly useful data, without the risk of damage, high expenditure.
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Testing slipping of cube corner on plane Mixed2Real 
frameworks : 
Teleoperating in a 
virtual world



THANKS TO ALL MY 
COLLABORATORS!
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