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Bachelor’s of Technology
Major in Mechanical Engineering

Minor in Robotics
Indian Institute of Technology, Delhi

2016 - 2020

Summer Research Intern
NTU, Singapore

2019

Master’s of Science
Robotics, Systems and Control

D-MAVT (Distinction)
Internship and Thesis at ABB CHCRC

ETH Zürich
2020 - 2023

Doctoral Position at TUM
R&D Engineer at ABB DEGOM

2023 – ….



3T. Goyal (TUM)

Interests
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Achievements



Very briefly my INITIAL PROJECTS
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ABU Robocon 2018 – Asia’s Largest Robotics Competition
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ABU Robocon 2018 – Asia’s Largest Robotics Competition

Control System of Autonomous Robot
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− 3 Holonomic Wheels

− 4 LSA08 line sensor for navigation

− BNO055 IMU Sensor for orientation

− PID control implemented for robustness in 

movement



ROS-Based Autonomous Car – Vision Implementation
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Kalman Filter
Output: Steering Angle 

with PID

Lane Detection

Left and Right 
Boundaries

Hough Line 
Transformation

Median Blurring

Canny Edge Detection
Input: Image 

from ZED 
camera
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My most Interesting INDUSTRIAL RESEARCH Experiences
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Micron UV Robot Design Challenge
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Motors

11.2W UV-C 
Lamps 

Multiple ToF sensors for object 
detection along the height of the 

robot (TeraRanger by Terabee)



Micron UV Robot Design Challenge
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ROS

Android Application UV Robot



Micron UV Robot Design Challenge
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Micron UV Robot Design Challenge
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Machine Learning, Deep Learning and Artificial Intelligence
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Can plan 
how to quickly 

go to food

Predictive Maintenance

Perception

Autonomous Navigation

Object Detection

Control

Natural Language Processing

Planning and Decision-Making



Machine Learning, Deep Learning and Artificial Intelligence

15T. Goyal (TUM)

Supervised Learning Reinforcement LearningUnsupervised Learning

Apple Apple Apple

Peach Peach Peach

Banana Banana Banana

I want 
apple

I want yellow 
coloured food
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Apple

Apple

Peach

Output

0.3

0.9

Softmax Probs

0.354

0.645

Target

0

1

Loss = -(0*log(0.354) + 1*log(0.645)) = 0.19

Neural Networks y = f1(f2(….(fn(x))))))))

wi



Internship and Thesis at ABB CHCRC – SMiLe and Hyperion
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ABB Motors integrated with 
ABB Smart Sensor

Sensor Data 
Collection

ML Model
Training

TinyML 
Model

• Battery dependent
• Limited memory

Real-time Motor 
Health Analysis

Has small energy, 
latency and memory

footprints



Machine Learning Pipeline
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Data 

Collection

Remove load-side 
bearing

Add «metallic-dust» to 
the bearing 

Bearings with 0g, 0.25g 
and 1g metallic dust

Bearing



Machine Learning Pipeline

• Voltage

• Current

• Acceleration of Vibrations

• Sound/Noise

• Magnetic Fields
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Data 

Collection

Data 

Exploration

Healthy Motor Data Faulty Motor Data

Current v/s Time

Voltage v/s Time

Acceleration of 

Vibrations v/s Time

Current v/s Time

Voltage v/s Time

Acceleration of 

Vibrations v/s Time



Machine Learning Pipeline

Signal Analysis

• Fast Fourier Transform (FFT)

• Self Autocorrelation

• Spectogram
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Data 

Collection

Data 

Exploration

Healthy Motor Data Faulty Motor Data

Acceleration of 

Vibrations v/s Time

FFT - Amplitude v/s Frequency

Acceleration of 

Vibrations v/s Time

FFT - Amplitude v/s Frequency

Feature

Selection



Machine Learning Pipeline

21T. Goyal (TUM)

Data 

Collection

Data 

Exploration
Feature

Selection

Data

Transformation



Machine Learning Pipeline
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Data 

Collection

Data 

Exploration
Feature

Selection

Data

Transformation

Hyper-parameter 

Selection and Model 

Evaluation



Construction of ML Pipelines
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?

Enormous Design Space

Total possible Configurations: 13,440,000,000



Our 3-fold Approach
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Optimization
• Make clever decisions to co-design enormous search space of hyper-parameters

Hardware-in-the-loop 
• Measure performance directly on the hardware system

Automation
• Mitigate time consuming manual tuning



SMiLe
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Model Evaluation

Input 
Dataset Optimizer

Search 
Space

Sampled Hyper-parameters
Training 
Pipeline

Model 
Architecture

Optimal Machine 
Learning Pipeline

Evaluation Metric 
Values

Hardware-in-
the-Loop

Model 
Training



Hyperion
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SMiLe/Hyperion design space 
exploration

Exploration of Hyper-Parameters 

Sensing Window Size

Kernel Size

Sampling Frequency (Hz)
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SMiLe/Hyperion
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Model selection:  on pareto front SMiLe/Hyperion 40x faster than manual approach



EWSN’22 Conference at Austria
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My FUTURE work at ABB and TUM
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Overview of Work at ABB
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ROS2 Drivers

RobotStudio

RAPID

EGM

ROBOT in 
Simulation

Supported by ABB

NOT Supported by ABBSupported by ABB

More Extensive and Easier  
control of ABB robots

Easier Integration of 
Additional Functionalities

GoFa-RI



Overview of Work at TUM

Safety of cobots using AI 
and Neural Networks

Predictive Maintainance

Contact 
Avoidance

Ergonomic 
Factors

Contact 
Detection

• Predict Human
• Gesture Control
• Verbal Correction

• Robot Dynamics
• Robot Skin

• Min. Jerk Trajectory
• Use of gestures
• Audio/Visual 

feedback
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Overview of Work at TUM

Requires Safe
• Vision System
• Path Planning 

System
• Speech Recognition 

System
• Gesture 

Recognition System
• .
• .
• .

Industrial SOTA
• Can’t even detect 

pointcloud with 
Industrial safety 
standards

• .
• .
• .
• .

Huge Gap
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Overview of Work at TUM

Safety of cobots using AI and Neural Networks Predictive Maintainance

Contact 
Avoidance

Contact 
Avoidance

Contact 
Detection

• Predict Human
• Gesture Control
• Verbal Correction

• Robot Dynamics
• Robot Skin

• Min. Jerk Trajectory
• Use of gestures
• Audio/Visual 

feedback

Machine 
Learning

Dynamics 
Analysis

Vibration 
Analysis Output Analysis
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Conclusions
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• I love to travel, play, party ………….

• I have background in Machine Learning, Computer Vision, Sensor Fusion, Control, App 

Development 

• I have extensive industrial work experience in ML and AutoML 

• In coming years, I would develop more understanding of Mechanics behind Robots.

• I would soon finalize my project that would in best case would be a combination of Safety with 

ML/AI and Predictive Maintenance.



Thank You

T. Goyal

October 4, 2023



Use of ML vs Control systems to navigate Robot
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Mathematical Model

Computational Resources

Adaptability

Prove System Stability

Robustness to disturbances

Efficiency

Machine Learning Control Systems



Train and Robot Arm using RL
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Reward scheme
1. When the arm hits the ground — Hefty Penalty (-1) and end episode 
2. When the arm reaches the target — Hefty Reward (+1) and end episode
3. When the arm reaches closer to the target — Marginal reward (the difference in distance as reward)
4. When the arm moves far from the target — Marginal Penalty (how far is it from the target)



Train and Robot Arm using RL
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Robotics club projects| Slide 3May 30

2023

4-wheeled Autonomous 

Drive
• Mecanum wheels

• LSA08 line sensor

• PID control implemented

Gripper mounted on a 

Drive
• 4 wheeled drive

• PS4 controller

• Gripper for light weight and soft 

items

Hexapod Robot
• Tripod gait method
• 18 Servo Motors 3 for each 

leg

• Adafruit servo controller 

• Maximum height is 35-37 

cm
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