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Realtime monitoring and control of friction stir I
welding (FSW) process

Developinga multi -sensor-basedsystemfor real-time monitoring and
control of weld quality in friction stir welding with edge and cloud
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FSW process | | Realtime change of the weld quality

A This module is ready to be deployed to check the process quality in
any industry and has got the potential to detect the health of an
equipment.

d-based Remote Manufacturing with Machine Learning based Real-Time Control, (Filed Ref No:

201831024813).
‘m for Real Time Monitoring, Prediction and Control of Weld Quality in Friction Stir Welding (Filed Ref
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An Al-enabled NDT solution

To develop an Al-based NDT system capable of inspecting the X-ray

films for:

A defect identification
A Classification
A localization from scannedimages

1Weld

an AI-ENABLED NDT GUI

GARDEN REACH SHIPBUILDERS &
ENGINEERS LIMITED

in

va
Manufacturing Technology
UIT Kharagpur

Developed software =

x The software gives almost 100% accuracy for defects (Except LOF)
like Blowhole , Porosity, Wormhole, Inclusion

X Present accuracy has been achieved with a large number of
radiographs provided by GRSE

Certificate No.: 2023PC001

PRODUCT CERTIFICATION

(Voluntary Certification at Manufacturer’s Request for Non-Class Items)

This is to certify that the “Al enabled NDT system — Intelligent Weld Inspector (i-Weld) "is developed
by GRSE Ltd. in collaboration with CoOEAMT, IIT Kharagpur (Academia Partner) as described below
has been found to comply with the reference standards and considered suitable for its intended
purpose. .



Development of machine learning based
exhauster health monitoring and prediction

Cloud database Web-based software
Exhaust system of

Predicted i . .
Data H health state | sintering plant
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Server Processing unit
Al algorithms

Nature-inspired optimizers

Narrow down : A" Grey Wolf Optimization (GWO)
frequency range A Whale Optimization Algorithm (WOA)
! A Bat Optimization
Tzz:f::;nm;d || ST Aﬁp,yfo, Feature A Moth Flame Optimization (MFO)
Domain Data harmonifs/peaks e Matrix
Select dominant 9 9
harmonics ' . . .
; ; Ensemble learning Machine learning
A Majority Voting A Extra Trees
Feature characterization A Bagglng A Random Forest
A Boosting A K-Nearest Neighbour
A Stacking
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Publication / Patent

A Condition monitoring of industrial exhaust motor-fan assembly usin
nature-inspired optimizers (CIEC 2024, IEEE)

An integrated system using real-time sensor data and cloud t
achine health monitoring (VETOMAC 2023)







Auto-inspection of ultrasonic images for weld defect
Identification and measurement

ToFD inspection system
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Auto-measurement

Manual vs automatic

Depth from LW

Publication / Patent

A A method and system for automatically detecting weld defects in ultrasonic Time-of-Flight Diffraction (ToFD)

Patent filed ref no: 202331060331
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" Reattime detection and inspection of fusebox

Developing Al/ML -based inspection of fuse boxes in the
automobile industries.

2Uituse-yellow-20amp
2:fuse-blue-15amp.
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(a) Identification of fuses, relays, and v0|ds in a fuse box, (b) Fuse color |dent|f|cat|on
an ampere rating, and (c) Fuse detection from multiple fuse boxes in a single scal

_____________________________________________________________________________

Collecting fuse box images,
annotating and training images

Converting data into Yolo-v3/
Yolo-v5 format

I Setting training pipeline I

| Training model |

| Exporting weights files |

Fault detection in a fuse box (left side
original image and right side test image)

e o o o o e e = = = = = = = = = = = = = = = = = = = = = = = = = = = e e e e e e e e e e = e = = =

I Testing object detector I

Accuracy: 100%
Ghosh,S, Mypati, O, Nayak,P, Pal,S K., O! dutomated syste
ult detection and amethod O E A O(kiledR&fNo: 20233




Image processing based PCB inspection

DevelopingAl/ML basedinspection of Printed Circuit Board (PCB)

Input Image 1 Input Image 2

Well-known
ImageNet
architectures

Well-known
ImageNet
architectures

| Feature encoding of input image | | Feature encoding of input image |

SRl

| Absolute difference between the features |

AN Similarity Score o
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The Similarity scores using grained
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ImageNet model 0 500 1000 1500 2000 2500
[Collecting and Annotating the J PCB defect classification
dataset
Storing data in YOLO-V4 Accuracy:
Darknet format A 98.75% for IC
| A 98% for flexcables

R ) A 96.28% for Resistor

g environment )

(cloning and building darknet) A 96.05 for Capacnor

) g A 83.68% for Computeadapter

v

~

-
Configuring files and setting
up values for training

[ Testing Object Detection ]

-

Train the model Saving the .weight files

Publication / Patent

Srinivasan,A., Mypati, O, Pal,S K., O! dutomated systemfor printed circuit board inspection and fault
detection and a method thereof 6 Filed RefNo: 202331011502).




Low-cost real time machine vision based quality
Inspection system

The objective is to check the quality of individual jobs produced by mass
production in the industry through the enhancementof low-quality webcam
images,speciallyit is alow-costsolution adopted by MSMEs

Activities of CoE on Industry 4.0 : Real-time job quality inspection and feedback to robot for gripper selection

Robot is fitted a Methods Accuracy Time

%) (sec)
camera -

Manual method 99.99 20*

o ¥ Conveyor handling similar _ - :

(¢ E b} . @, e /  jobs for inspection image Conventional with GAN 82.13 Offline

\ [ HICRSt TR proposed with OPGAN (A1) | 98.66 12

©)
. I % .m *Minimum time for checking one hole 5 seconds
~ Augmentation Image processing | Feedback to
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Picture from

e haa T
‘ e gor o Blﬂary|mage of . N A |
i Iteration 3, enhanced image AVATAITATA | B

webcam lteration 1 Iteration 2 final enhanced —

nim
imag ‘
4 Picture from high-
quality camera Holes detected in

binary image

Wheel

3
- z
3

e e e e e e o o e e e e e e e o = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = — - — — — — — — — — — — - = — — — = — — — — ———— I
: e
5 il
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Input Images
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Publication / Patent One _Of the top 3 o
Al solutions among 40 applications
Low-cost real-time machine vision-based quality in

inspectionsystempPatentfiling ref. no.:202031050404

www.indiaai.gov.in

A MEITY, NEGD & N VE

* lab Z2market
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A low-cost vision-based weldline detection and I
measurement technique for robotic welding

Linear weld

Welding torch

Fixture

Curve weld

12/

Model performance

Detected weld line

Robotic welding system
with low-cost webcam

Camera

Weld-seam 0.89

DL-based weld zone
identification

Zig-zag weld
Weld line

X
( o VI) Weld gap

N

Point on
(%5, ¥,) opposite
weld line

(x24%:)/2, (y2+y1)/2

Weld gap measurement

Actual weld length Calculated weld lengtt  Absolute error in weld length

Shape (mm) (mm) measurement (mm)
Straight 101.98 101.67 0.29

Curve 150 149.15 0.85

Zig-zag 143 143.67 0.67

low-cost vision-based weld-line detection and measurement technique for robotic welding (Communicated

|

in International Journal)



Detection of electrode misalignment and its effect on joint
guality in resistance spot welding

Acquired
image

Robotic RSW system
with webcam attached

Left edge Zone

Left edge Zone

DL-based ) o Edge and centre-
electrode detection Electrode edge identification line detection

Effect of electrode misalignment
on weld nugget

Weld microstructural defects

nner nuggetzone
(towards centre)

Publication / Patent

A Detection of electrode misalignment and its effect on joint quality in resistance spot welding: a low-cost
approach (Communicated in International Journal)




Imageprocessingbasedchassis dimension checking

To measurethe distancesbetween highlighted edgeson the given image of a cross-
member, whoselength was 730 mm and width was 400 mm. PoChasbeenachieved
by measuringthe length and width of the secondobject

Main Member

Cross Member

A
Measurement of an object equivalent to
a crossmember

# Cross Member Dimension Checker - (] X

A A minimum error of 2 mm over 730 mm
length was achieved during
measurement.

A Reprojection error was very difficult to
minimize after a certain value.

A As 6 points are required for calculating
extrinsic and intrinsic parameters,
therefore any reference object can be
used for getting the 3D coordinates.

Leweloped by i | A AGUI hasbeen developed to capture

Divya AB, Sivani M o . . .
Avishek Mukherjee and measure the dimension of an object.

Under guidance of
Prof. Surjya K Pal

Developed GUI




Look-alike object detection

A Reduction in the wrong fitment of products during fabrication in
industries, especially for automobiles, as many prime products are
similar looking.

A Reduce chances of failure due to not fulfilling of proper fitting
criteria.

A Low-costand easily operatable solution

Check look-a-like product:
Tata motors limited

xxxxxxxxx

e ]
Developed U
DETECT

THIS PRODUCT IS FOR CAR 1
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Realtime Tyre Radius Inspection and Serial I
Number Recognition

Industry requirement is to develop an automated system to identify
the serial number of the tyre in real-time and reduce the manual
intervention for entry.

(a) (b) (c) (d) (e)
Original image Enhanced image Image Outer radius Inner radius
(noise removal) segmentation

Text detection using character region awareness
for text detection “CRAFT”

Failure cases

fEeEst . ORI e | ecopnized e | confidence seore |

—— L e e
— 1 35,% treastraching 0.000
' > DOT 0.9993 g
/ e e
"‘/&;.-. = E2H )
175 0.8426 47)%" .  deventing 0.004
2415 0.9000 1758843 CG«'_ZBK“E; insertinguness 0.000
5 =m4L 65R14 0.1023
Textdetection

Possible reason of failures:
Confusion between smaoll letters and numbers having some stokes (1 and |,
g and 9) etc.

. Change of font style (Times New Roman, Calibri, Arial, etc.)
Plan »

Needs more amount of dota to obtained with o supervised model,
Train the model with various fonts.
Pixel-to-Pixel Annotation.
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Progressive fault simulation using Digital Twin I

To develop a system,which will be able to simulate faults like shaft misalignment
in aprogressivemanner and to analyzethe effect on the system

Electromagnetic
gripper

Simulating contacts between cam and
Shaft misalignment valve actuator by vatjying maghnetic field of Knowledge base
creation by varying 2 creation against
magnetic field of griper Engaging sensor to collect power and fault
vibration data

Proposed Methodology

Simulation
of Spring




Realtime job shape identification & feedback to
robot for gripper selection

A Reattime object detection and job shapeidentification
A ObjectClassificationand coordinate identification

A Roboticgripper selectionaccordingto the shape

A Gripping the job by poseestimation

: Image Acquisition Image Processing Additional Action
! i ; E-L"m"ri i ousO ;
| ‘N - HE - * :
: 5 e 5
i Poduct: gy g3 W E W Em W
| [OOO0 000000000000
1 Conveyor
' Gripper selection according to the shépe
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g
SwitthON —p i@l =  Conveyor belt
the robot starts moving
A~ .
E -> Jobs are manually placed

Proximity sensor detects the job
and belt motion is stopped

Image of the job is taken by the
camera fitted onto the robot

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
a DL based image processing is done to check :
the shape identification and pose estimation :
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

|

1

1

1

1

1

1

1

Changes the gripper
according to the shape of
the job

¥

. A DL based code will detect
' the actual position and orient
) ‘ the gripper according to the

@ B A pose estimation
¥

[ ] Robot segregates the
different shape of the jg?




Collaborative robots for screw placing and fastening
In engine block

The goal of this problem statement was to achieve collaboration between two
six degrees of freedom, where robot-1 is responsible for placing screws on
specific holes by detecting the same Meanwhile, robot-2 will fasten already
placedscrews.

Synchronization
Second robot will tighten the
screws after feeding by the first
robot

engine block

with out screws Engine block with
tightened screws

Robot-2

Robot-1 )
First robot feed Sec°':::;’::’:\:'fhte"
the screws

[e]
0
v

‘

Achieved
Collaboration



Al-powered automated activities by robot

____________________________________________________________________________

- ————p| Startof Object Pose Collision
robot detection estimation Number detection
algorithm  algorithm of objects algorithm

|

|

|
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: Move to

: default objects k
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| | 8 !

: '3 £ |
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| rame . 1D . I

| A * classification < pose £ = esorting I
acquisition . 1% A, I

| * bounding box | » adjusting |

' 1

I . :

I

Feedback to robot for
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Al based shopfloor scheduling for customized product

Deployment of Al methodologies for optimization of manufacturing shop floor
activities, having multiple agents, to meet up demands of customized products

____________________________________________________________________

| Drilling 1
1
| 1
1
1
! Additive |
: manufacturing MIG welding | Buffing to be performed on 1
| this MIG welded portion . . :
! " Manufacturing operations to be,
! y performed on the blank :
1
| |
| 1
: TIG welding !
. 1
1 BLANK :
: |
e e e e e ,,—,—,——,—,—,—_—_—_—_—_—_—,——_————————————————— 1
5 — * Service to: Robot 1
g8
Fesding Bt ? 2 * Role: thical imaging stfition for
station station = checking the quality of jobs
(@)
= * Service to: Robot 2
8
= o % * Role: Optical imaging station for
TS5 g5 = checking the quality of jobs
Robot #& & Robot #& &
1 £ 7 2 £
(b)
Manufacturinglayout Role of the inspection stations
Unique Unique
features |+ MIG welding - TIG welding +—2tures

* Wire arc additive manufacturing

_ = Drilling
Common * Buffing Common
features features

Unigue and common features of the robot stations2l &




A low cost smart data transmission system

A Available 10T sensorsare pretty complexand expensivefor - 3 - %8 O

A Thus this project aims to create a low-cost data transmission system
from wired sensors

A It also aims to visualize data online from a local area-based network
using a cloud storage system

A Datafrom multiple sensorscanbe sentto the cloud simultaneously.

¢ ot
Demonstration setup for wireless
sensor data communication

Flowrate Pressure Temperature

Developed hardware device

3 Data transmission
to cloud through
e local area network

230V
Input voltage

requirement

Realtime visualization of transmitted dat




One shot observational learning I

A Robot should seehuman working and learn immediately how to perform that
tasks.

A It should be single shot learning, which means with very less number of
observationsrobot should perform the tasksflawlessly.

Video to text
context
translation

Similarity matching
between the target task and
already available generalized
tasks knowledge base

RGB Video The context text

>

Behavior tree of

xample: Pick the red ball and source task

place in green box

Behavior tree construction

of target task
using LLMs like ChatGPT

Pehavior tree of
target task

Calling the basic functions
of the robot with
appropriate variables

Object detection to
match the objects
from behavior tree

Location of each

completion

A The developedmodule can be deployedfor the checkingof the processquality,
and defectdetectionwith verylessnumberof images

A It will significantly reducethe imagesrequired andthe timing for the training .

-;




DL based Scanning electron microscopy image
generation

Generating SEM images of aluminum-to-steel interface FSW joints using
conditional GANsunder the given process parameter at the end we will do
the labeling of the imagewith the Aluminum, Steel,and Intermetallic.

¢ ST e R
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X "3 v o'
= N dad "y ¥
- R A G S y e
X > ’ .
ey T : . ey,
- : T s
9 - -4 R
R T : : IR SN

Some defective and nedefective images generated using open
source dataset

A It can be usedfor easyin-processcharacterization of any kind of
sampleif the modelis trained with processparametersand other
SEMimages

A Quickdecisionand monitoring of internal properties _




EEG based color and shape identifications

A Electroencephalogram(EEG) based color segregation method, which can be

-

deployedin manufacturing for critical vision-basedinspections(sorting) without

fail.

A Useof the T B A O Addgnifiod © create a classifier that can identify red and
greenobjects The next sectiondepictsthe methodologyfor the establishmentof
proof of concept

_.~""'.-5ide view Top view

Data denoising Feature extraction Classifier (EEGNet) Robust

'\J + (Removing of noises and analysis training — testing
i | associated with other (Temporal and Input: features, (100%
P thoughts) frequency analysis) Output : color labels accurate)
Data Processing Training and testing
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A Present work found that extracted low-beta features from the T8 channel are
efficient for color classificationwith EEGNetlassifier.

It is able to accountfor inter-subject and inter-trial variance, and extendable for
deployment as an Industry 4.0 based automated solution for manufacturing
industries for vision-based inspection for improvisation in productivity and
desired massautomation

EEGbased Color Classification for Industry 4.0 based Manufacturing Applicatio

I (Accepted , AIMTDR2023)




Robust and intelligent human on loop based monitoring and
control of manufacturing processes and equipment through

Electroencephalogram (EE®
(Project submitted against NSF -DST call with University of Connecticut )

P - - - — -
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. Change in front and rear bearing:
Microphone sensor 1. Jammed bearing

2. Broken cage bearing

3. Inner race defect

4. Outer race defect

-

Person will be given
those audio and
asked to classify the
signal aftera
directional training.

Generated EEG
signal

Audio data
against different
fault from
different sensor
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EEG features Slgn3| processing
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EEG based image classification

A DL requires a large number of testing samples, such as images or texts,
whereashumanscaneasilyidentify by seeingone or two images

A The objective of this study is to use this capability of humans through EEG
signals

Collected data till the observer is
stopping acquisition (Data-1)

Questionnaire
for directional
thoughts

RS s g i / In 2 seconds, 256 datapoints (128 samples per \
] second sampling rate) from each of 5 channels are
A LA it ML collected.

£ S S S ¢

For each channel mean, standard deviation,

: o = : m skewness and kurtosis values are extracted

I T S ‘", — : Repeat the as features (5 channels * 4 features =20
j : process 10 features) and labelled as either dogs or cats

~= : times
Repeated for all sets of data
. R Data-10 \
Observation and classification of random v ;
image appearing (from 36 images) on the ) Total 455 sets of features and 455
GUI in each 2 seconds through a ‘ l l l labels from 10 datasets
questionnaire for directional thoughts y
SVM RF  MLP XGBoost

Superiority o
EEG based
feature
extraction and
classification

Comparison of
classification
performance

24 of same 36 images are used
for training of CNN based
classifier, 12 are used for testing

A 4

Workflow diagram

A The developedmodule can be deployedfor the checkingof the processquality, and
defectdetectionwith a verylessnumberof images

A It will significantly reducethe imagesrequired and the timing for the training .




Al assisted ultrafast simulation surrogate in context of I
digital twin

A plate with a central hole is subjected two extensions with equal force.
Displacement after extension is given as boundary condition. Predict the
displacement field at x and y direction for arbitrary boundary condition.
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FEM calculated displacement field Proposed model calculated
displacement field
stress_xx stress_xx
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FEM post processed stress field » Model post processed stress field
Division per size FEM computation Proposed model
time computational tim
3 4 0.012
12 30 0.08
20 a0 0.15
30 180 0.19
30 289 0.24

Comparison of time complexity in seconds
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Al in Wire Arc Additive Manufacturing (WAAM)

A WAAM is a metal additive manufacturing process used to print largscale
structures

Hybrid WAAM to print large-volume structures at a very high deposition
rate

Repairing of spare parts by WAAMusing Al

Al-based reattime monitoring for defect detection and quality control in
WAAM

An ML model developed through experimental and physics-based
simulations to detect the defects and automatically adjust process
parametersto reducethe defectsand improve the quality control in WAAM

o oo Do

Robotto-robot collaboration for performing hybrid WAAM

WAAM printed parts




