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Applying energy to a work piece 
in the form of (high intensity) light beam 

. Laserculling . Laser S p o l  welding 
* Laserdrilling 

lasercladding 

* Laseradjusment . ...... 
- -  *,, - 

Nd:YAG Laser 

Carbon Dioxide Laser 
Typical gar laser consmetion 
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Solid State Laser Diode 
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Solid State Laser Diode 

- Low output power 
Laser diode arrays 

for processing - Low beam quality 
Good control qualiues - f i g h  efficiency 

Beam Delivery 

Beam Delivery Absorption, Reflection, Transmission 

- Kirchhoff Absorption +reflection+transmission = 1 - Extinction of the penetrating light wave 

Penetration depth: s='=L.&=L=' 
a M 77a mp lioJg 

Absorption and Heat Diffusion = F(T) 
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Process Phases 

1: Heating: Absorption, heat diffusion 
2 Phase transition of top material, change 
of properlies 

liquid metal aside 
4 Liquid level reaches baltarn and is blown out 

- 3: Vaporisation, recoil pressure pushes 



Laser Cutting 
Spark Pattern During Laser Cutting 

T O I l i r r  W r c u l n l  crcu d e n ' & ,  Gumw - Medium to high power CW lasers (CO,) - Process gas, reactive (02. exea reaction energy) 
or not (NJ, IO blow out molten malenal 

* Wave guide kind of energy mansfer through 

Process Monitoring 
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Laser Seam Welding 

Top u h  u r n  ".(ding Cross d o n  seam d i n g  

' Battery casings, Pace maker casings 
' Car bodies, Transmission pans 

Sub assemblies in ship building 
, Plastics (overlap penetration welding) 
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Laser Seam Welding 
i 

I T-joint 

Laser Seam Welding 
Process monitoring - Direct delivery systen 



P Laser Seam Welding 

Process 
Monitoring 

in spot 
welding 

Signal Processing 
Example of measured signals 
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Spot Weld Geometries 

Signal Processing 
Example of measured signals 

Automatic Classification 
based on multi sensor process monitoring 

a broad information range 
about the pafonnance of the process 

of specific feaNres from the recorded signals 

to certain process events 

a gwd or bad pafanning process 
have to be established through a large set 

* Realisation of data reduction by extraction 

* The features are recognised as being related 

The relations between features and 



Requirements 

- It measures the performance 
of the final solution according 
to a figure of merit to be defined 

* In general, accuracy is not the unique 
goal to he pursued - Computational load 
- Real time processing requirements . HW (HW Latency, Throughput) . sw (Flop$, worst Care analysir1 

Requirements 

- It measures the ability of the final algorithm 
to tolerate classes of perturbations . nuemations in the inpurs 

(e.g.. noise, non-slationely of the prwers) . Pernubations affecting Le cnnpumtion 
(e.g., finite precision reprerenutioos) 
- ccncrsl P“”S prm- 

- DSPmicl led  Hw (Fued wbc npresrmuonl 
- Anal08 implemEnrsllGn 
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Models and Requirements Space 
I 

Requirements 

- Module reuse 
- Easy module up-grade 
- Homogeneity within the system - Complexity of the Algorithm 
- Simplicity of the final solution 
-Latency 
- Easy implementation on a target dedicated 

- Easy HW implementation (ASIC, P G A )  
processor (CISC,RISC,VLIW) 

A Composite System 

COMPUTING 

F a w e  emaction High level processing 
(classification, modeling. -4 

I 



Move Towards Complex Models 
Non-linear models: 
- Leitmotiv: simplicity! 
-Static models 

Supervised: 
- FeedfOnUard NN, RBF 

* Unsupervised 
~ SOM. LVQ 

- Note that predictive models not requiring 
l e  concept of state are considered to be static 

Decomposition and Partitioning 
-. .......... 

Topological 

. E m *  

................. ................ 
.... Other dceompmitions 
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Training Unspecified Models 
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Equation-based Models 
Equation-based Models 
- Most of times we forget that we can generate 

equation based models 
from physicallchemical principles. 

and test accuracy/ residual mors 

when necessary 

- We could stan considering very simple rncdels 

- More sophisticated models can be considered 

. Keep anyway in mind !ha1 we are in a eonsrrained 
environment and !here is !he " h e  to markl" concepl 

Feature Extraction 
-We need features to r q r e s ~ l t  l e  information present 
in l e  sensorial signals in a compact way 



I Features Extraction: Example 
I 

Features Selection 

* Each classifier needs 
~ a mining phase 
- a validation phase to eslimare its p d m a n c e  

A "traditional" parameter adjusting procedure 
is not acceptable - The problem can be solved with a heuristic based 
on the K" classifiers 

K" Classifier 

classifier (N + -). 
* The probability dismbutions are locally 

estimated based on each point 
* KNN does not need a m e  mining phase, 

since it "emerges" from available patterns once 
the parameters have been dimensioned - Degrees of freedom: 
- numba of class K 
- neighbourhood norm 
- selection of the K neighbourhmd 

Edge Detection in Images 

KNN Classifiers: Philosophy 
K" = K Nearest Neighbours 
Basic Idea: 
a pattern is classified ,: ,., 

of the K nearest 
training patterns 
close to it  

based on the majority 

li " _  

The Algorithm: Description 

1. Build all the S, subsets of U containing N features 
2. For each S, estimate the LOO performance 

of all the K" classifiers with S, as inputs 
(all cmbioationr of prepracessingr and K values 

3. Selecl those S ,  which yield a performance better than 
a Thwhold: if only one S, is selected gao 5 , .  . 

4. .. , else build their uoim U. inaevse 0, and golo I 
5. Greedily grow S, with the Mher fames m e  by me. 

up to a minium)  

until no further periormance improvement is scored 



. Adding all the other features to (3.8.20.32) one by one 
did not inmduced further paromance improvemenls 

* Best KNN classifier: 

1 
System Validation 

* The system validation must be carried out 
by using 
- the whole system 
- the av&bie (inpuLauIPu1) pairs 
- ux) (tm expensive globally) 
- Cv to be preferred inslead 

the requirements we have to iterate the procedure 
by considering a different composite system 

* If final perfommces do not satisfy 

** 

The Application 

* The gear is built by joining two separated rings 

* Welding is carried out with a CO, laser 

(a light synmnisation gear and the principal gear) 

- Every product is tested using ulvasonic waves 
after welding for quality control 

Interval of /r *.#$j@j5 
Accuracy with 95% ::; 

confidence Aia 

LASER WELDING 
FOR AUTOMOTIVE COMPONENTS 

I I' 
This research has been carried out in 
collaboration with 

9 Fiat Research Centre, Turin, Italy 1 1 -  
I '  I 

The Application 

-welding quality assessment 

- wddingprocerr monitoring (conuol) 
* Welding problems are dated to: 

- Penemtion depth 
- Mlsalipment of coupling in mounted samples 
- Porosity 

- Pow- decremenr up to 10% 
- Pown lack up to 10 rnS 
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The Application Requirements 

in three classes: 
- power Lms 
- Mounting 
- Parosily 

* Requirements: 
- High monitoring pedmance 
- Low eornputulional load 

Mount Errors and Features 

Signal Pre-Processing 

I Power Errors and Features 

I '  1 
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I Porosity Errors and Features 



Remarks 

Experimental Results 

L 

The Application 

I t  is erpced that monitoring of h e  sparks dynamic 
assaialed with Ule ~ t l i o g  process cm provide hints about 
- m e b ~ n l t u n o f t k c u ~ l n g p n r r s r  
- M l c a y n U  lor d-mt r n m l l m p  and conml 

The Proposed Algorithm I 
-, . 

SPARKS ANALYSIS 
FOR LASER C U ” G  

This research has been carried out in 
collaboration with 

TRUMPF, Ditzingen (Stuttgart), Germany 

The Application Requirements 

. Diso”wIYoYsN, . Rlrk O f m e ! d  
- Ambiguous 

* Requirements: 
- High Accwaey 
- Low computltional laad 



Composite System Partitioning Features Extraction 

I Finding the Jet Starting Point 1 

Pearl Identification 

Estimating the Angles 

THE TAN0 BANGLES 

. .  

The Final System 



Performance 

Electron Gun for Cathode Ray Tube 

I 

LASER SPOT WELDING 
FOR ELECTRONIC COMPONENTS 

This research has been carried out in 
collaboration with 
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Philips CFT - Centre for lndusmal Technology 

Manual Classification 

Feature Extraction 



Automatic Classifiers 

I I I 

Results from the 
Nearest Neighbour Classifier 


