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Rezumat

Lucrarea prezintd o serie de cercetdri care vizeazd detectia imperfectiunilor de sudare folosind algoritmi Deep
Learning si tehnologii de inteligentd artificiald (Al). Aceastd directie de cercetare se incadreazd intr-un domeniu
de mare interes, atdt pentru companii, cdt si pentru institute de cercetare sau universitdti. Conform studiului in-
troductiv prezentat in lucrare se estimeazd o crestere semnificativa a impactului Al asupra activitdtii industriale,
in particular asupra metodelor de control si examinare nedistructiva (NDE), precum si pentru o gamd tot mai
extinsd de tehnologii de procesare a materialelor, inclusiv in domeniul suddrii materialelor.
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Abstract

The paper presents a series of research focusing on the detection of welding imperfections using Deep
Learning algorithms and artificial intelligence (Al) technology. This research direction falls within a highly
interesting field, both for companies and research institutes or universities. According to the introductory
study presented in the paper, a significant increase in the impact of Al on industrial activities is estimated,
particularly on non-destructive testing and examination (NDE) methods, as well as for an increasingly wide

range of material processing technology, including in the field of welding materials.
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1. Introducere

Tehnologiile de sudare stau la baza dezvoltarii industri-
ale a tarilor puternic dezvoltate: China, USA, Japonia,
UE, UK etc. Sudarea reprezinta o tehnologie cheie de
fabricatie in diverse sectoare industriale: de la indus-
tria constructoare de autovehicule, constructii na-
vale, civile sau industriale, la industria energetica sau
aerospatiald. Tn Romania, productia industriald are o
contributie la PIB de 24,1% si asigura locuri de munca
pentru 22% din forta de munca a tarii [1].

1.1 Imperfectiuni de material la sudare

Dupa cum este indicat in familia de standarde
EN ISO 9001:2018, sudarea este un proces spe-
cial in care ,conformitatea produsului rezultat nu
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1. Introduction

Welding technologies underpin the industrial devel-
opment of highly developed countries: China, USA,
Japan, EU, UK etc. Welding represents a key manu-
facturing technology in various industrial sectors:
from the automotive industry, shipbuilding, civil or
industrial construction, to the energy or aerospace
industry. In Romania, industrial production contrib-
utes 24.1% to the GDP and provides jobs for 22% of
the country's workforce [1].

1.1 Welding Imperfections

As indicated in the EN ISO 9001:2018 family of stand-
ards, welding is a special process where "the con-
formity of the resulting product is not easily or eco-
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este usor sau economic verificatd”. Pentru asigura-
rea calitdtii, producdtorii de constructii metalice su-
date implementeaza sistemul de asigurare a calitatii
ISO 9001. Libera circulatie a produselor in Europa si
obligatia de a obtine un marcaj CE face necesara cer-
tificarea si a produsului, nu doar a companiei. Prin ur-
mare, certificarea pe baza EN 1090 este obligatorie [2].
Prin imperfectiune de sudare se intelege orice aba-
tere de la continuitate, forma, dimensiune, aspect,
structurd care are loc la nivelul unei imbindri sudate.
Imperfectiunile de sudare in cazul procedeelor de su-
dare prin topire se pot grupa in imperfectiuni interne
volumice, imperfectiuni interne plane, imperfectiuni
de forma si de suprafata [3-7].
Standardul EN 1090 impune companiilor sa aiba un
sistem de control al productiei din fabrica, care se
realizeaza prin respectarea cerintelor specificate
in standardele I1SO 3834 - cerinte de calitate pen-
tru sudarea prin topire a materialelor metalice, I1SO
14731 - coordonarea operatiunilor de sudare si ISO
9606:2012 (revizuit in 2023) care sunt utilizate pen-
tru calificarea sudorului Tn conformitate cu mate-
rialele sudate: ISO 9606-1: oteluri, ISO 9606-2: aliaje
de aluminiu si Al, ISO 9606-3: cupru si aliaje de cu-
pru, ISO 9606-4: nichel si aliaje de nichel, 1ISO 9606-
5: titan si aliaje de titan, Zr si aliaje de zirconiu.
Detectarea imperfectiunilor de sudare reprezinta
0 operatie necesara pentru prevenirea respingerii
unor produse ce contin subsansamble sudate,
pentru reducerea costurilor de reparatii ale aces-
tora si pentru asigurarea sigurantei in exploatare a
masinilor, instalatiilor si a constructiilor sudate.
Imperfectiunile de sudare reprezinta una din princi-
palele cauze care stau la baza producerii unor avarii
grave soldate cu pagube materiale importante, sau
chiar cu victime umane. Principalele grupe de factori
care pot afecta calitatea imbinarilor sudate sunt:
* Procedurile de sudare incorecte
Nerespectarea procedurilor de sudare sau intoc-
mirea acestora incorect, nerespectarea tempera-
turilor de preincdlzire, a temperaturii intre treceri,
a ordinii de sudare, rezultarea unor viteze de racire
neadecvate in metalul depus si in zona de influenta
termica (ZIT), calitatea materialelor de adaos si auxi-
liare etc.
e Concentratorii de tensiuni
Acestia apar datorita designului sau formei inco-
recte a cusaturii sudate, nerespectarea parametrilor
de sudare sau datorita calificarii insuficiente a su-
dorilor, respectiv datorita briddrii excesive a struc-
turilor metalice sudate.

nomically verified." To ensure quality, manufacturers
of welded metal constructions implement the ISO
9001 quality assurance system. The free movement
of products in Europe and the obligation to obtain
CE marking makes product certification necessary,
not just company certification. Therefore, certifica-
tion based on EN 1090 is mandatory [2].
Welding imperfections refer to any deviation from
continuity, shape, size, appearance, structure that
occurs at the level of a welded joint. Welding imper-
fections in the case of fusion welding processes can
be grouped into volumetric internal imperfections,
flat internal imperfections, shape imperfections, and
surface imperfections [3-7].
Standard EN 1090 requires companies to have a
factory production control system, which is imple-
mented by complying with the requirements speci-
fied in standards such as ISO 3834 - quality require-
ments for fusion welding of metallic materials, ISO
14731 - coordination of welding operations, and
ISO 9606:2012 (revised in 2023) which are used for
welder qualification in accordance with welded ma-
terials: 1SO 9606-1: steels, ISO 9606-2: aluminum
and Al alloys, ISO 9606-3: copper and copper alloys,
ISO 9606-4: nickel and nickel alloys, ISO 9606-5: ti-
tanium and titanium alloys, Zr and zirconium alloys.
Detecting welding imperfections is a necessary op-
eration to prevent the rejection of products con-
taining welded subassemblies that presents quality
issues, to reduce repairing consequent costs, and
to ensure the safety of machines, installations, and
welded constructions in operation.
Welding imperfections are one of the main causes of
serious failures that can lead to significant material
damage or even human casualties. The main groups
of factors that can affect the quality of welded joints
and could lead to such events are:
¢ Incorrect welding procedures
Non-compliance with welding procedures or in-
correct preparation thereof, failure to comply with
preheating temperatures, interpass temperature,
welding sequence, resulting in inadequate cool-
ing rates in the deposited metal and in the heat-
affected zone (HAZ), quality of filler and auxiliary
materials etc.
e Stress concentrators
These occur due to incorrect design or shape of
the welded joint, failure to comply with welding
parameters, or due to insufficient qualification of
welders, respectively due to excessive bracing of
welded metal structures.
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e Control de calitate sau inspectie/testare necores-
punzatoare;
e Design eronat sau conditii de exploatare im-
proprii, precum supraincarcari excesive, aparitia
fenomenelor de coroziune, de oboseala mecanica
si termica mentenanta deficitara s.a.
Conform Miller Co [3], pot fi identificate sase stadii
pentru care sunt asociate cresteri exponentiale ale
costurilor pentru remedierea imperfectiunilor de su-
dare, aspecte ilustrate in figura 1.

eImproper quality control or inspection/testing;
*Erroneous design or improper operating condi-
tions, such as excessive overloads, occurrence of
corrosion phenomena, mechanical and thermal fa-
tigue, poor maintenance etc.
According to Miller Co [3], six stages can be iden-
tified for which exponential increases in costs for
remedying welding imperfections are associated,
aspects illustrated in figure 1.

STADIUL DE FABRICATIE

Figura 1. Evolutia costurilor de fabricatie in functie de momentul detectiei imperfectiunilor de sudare [3]
Figure 1. Evolution of manufacturing costs depending on the moment of detecting welding imperfections [3]

1.2 Clase de executie la sudare

Standardul SR EN SO 5817:2023 [4] stabileste
trei niveluri de calitate (B, C si D) Tn raport cu
imperfectiunile de material la sudare in cazul
imbinarilor sudate prin topire din otel, nichel, titan si
aliajele lor. Clasificarea imperfectiunilor geometrice
din Tmbinarile sudate ale materialelor metalice n
cazul procedeelor de sudare prin topire se face con-
form SR EN ISO 6520-1:2007 [5]. Asigurarea calitatii
structurilor metalice sudate se face prin respectarea
cerintelor prevdzute Tn SR EN 1090-2, care prevede
incadrarea lucrarilor de sudare in patru posibile clase
de executie In ordinea crescatoare de la EXC1 pand la
EXC4. Aceasta incadrare se face tinand cont de com-
plexitatea structurii, respectiv de consecintele cedarii
acesteia sau a unor elemente structurale sudate [6].

2. Stadiul actual al cercetarilor in do-
meniu si aplicatii
Detectareaimperfectiunilor de material lasudare prin uti-
lizarea unor sisteme avansate de viziune computerizata
in combinatie cu sisteme de inteligentd artificiald (Al)
utilizand algoritmi de machine learning (ML) de tip su-
pravegheat, prezinta un interes tot mai ridicat in cadrul
companiilor din sectoare de inalta tehnologie.

In prezent se pune accent tot mai mult pe con-
trolul in timp real a calitatii in industria sudarii fo-
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1.2 Classifications of welding execution

The SR EN ISO 5817:2023 standard [4] establishes
three quality levels (B, C, and D) in relation to welding
imperfections in the case of fusion welding joints of
steel, nickel, titanium, and their alloys. The classifica-
tion of geometric imperfections in welded joints of
metallic materials in the case of fusion welding pro-
cesses is done according to SR EN ISO 6520-1:2007
[5]. Ensuring the quality of welded metal structures
is achieved by complying with the requirements pro-
vided in SR EN 1090-2, which consider the classifica-
tion of welding works into four possible execution
classes in increasing order from EXC1 to EXC4. This
classification takes into account the complexity of
the structure and the consequences of its failure or
failure of welded structural elements [6].

2. Current stage of research and appli-
cations

Detecting welding imperfections using advanced
computer vision systems combined with artificial
intelligence (Al) systems using supervised machine
learning (ML) algorithms is increasingly of interest
to companies in the automotive industry and other
high-tech industrial sectors.

There is currently a growing emphasis on real-time
quality control in the welding industry using Al-
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losind sisteme bazate pe Al si senzori. Cand apare
o imperfectiune in timpul sudarii, acesta poate fi
detectata in timp real prin sisteme avansate de vi-
ziune computerizata (machine vision) si Al, prin moni-
torizarea campului magnetic si electric, prin analiza
spectrului de radiatii si monitorizarea temperaturii si
emisiei acustice a arcului electric etc. Achizitionarea
de date in timp real de la acesti senzori (lloT) — Industri-
al Internet of Things si printr-un control avansat al pro-
ceselor de sudare, devine posibila corectarea in timp
real a unor imperfectiuni de sudare reducand astfel
timpul si costurile de productie si inspectie [7,8].

Tn figura 2 este prezentat un astfel de sistem de inspectie
vizuala a subansamblelor sudate in fabricatia de auto-
vehicule la o companie mare din Germania [7, 8].

based systems and sensors. When a flaw occurs dur-
ing welding, it can be detected in real-time through
advanced computer vision (machine vision) and Al
systems, by monitoring magnetic and electric fields,
by analyzing the radiation spectrum, or by monitor-
ing the temperature and acoustic emission of the
electric arc etc.

Real-time data acquisition from these sensors (IloT)-
Industrial Internet of Things- and through advanced
welding process control, it becomes possible to cor-
rect welding imperfections in real-time, thus reduc-
ing production and inspection time and costs [7,8].
Figure 2 illustrates such a visual inspection system
for welded subassemblies in the automotive domain
at a large company in Germany [7, 8].

Figura 2. Sistem automatizat de verificare NDE Josy 3D Weld Inspection prin triangulatie laser [7,8]
Figure 2. Automated verification system NDE Josy 3D Weld Inspection through laser triangulation [7,8]

Un factor major care a condus la dezvoltarea
accelerata a aplicatiilor bazate pe solutii automati-
zate si Al a fost si este in continuare deficitul mare de
forta de munca calificatd in domeniul sudarii. Potri-
vit Raportului EURES privind penuria si excedentele
de forta de munca, in prezent exista 17 tari din UE
care au un deficit de 54% de sudori profesionisti [2,
9]. Conform estimarilor Cedefop [2], pentru patru din
zece locuri de munca din UE anumite sarcini vor fi au-
tomatizate, cerand noi nevoi de competente pentru
a completa tehnologiile Al. Sondaje si studii statistice
realizate de companii specializate in studii de piata,
precum Statista, Edison Research, Pew Research
Center, Gartner s.a. (149 studii in total), aratd evolutia
siimpactul Al asupra locurilor de munca [11]:
e Al va contribui cu 15,7 trilioane de dolari la eco-
nomia globala pana in 2030, crestere 14%.
e Al ar putea elimina pana in 2025, peste 85 de mil-
ioane de locuri de munca. Tehnologia Al creste pro-
ductivitatea companiei cu 40%. Pana in 2030, robotii
inteligenti ar putea inlocui 30% din forta de munca
globald, iar 375 de milioane de oameni ar putea

A major factor that has led to the accelerated de-
velopment of applications based on automated so-
lutions and Al is and continues to be the significant
shortage of skilled labor in the welding field. Accord-
ing to the EURES Report on labor shortages and sur-
pluses, there are currently 17 EU countries facing a
54% shortage of professional welders [2, 9].
According to Cedefop estimates [2], for every four out
of ten jobs in the EU, certain tasks will be automated,
requiring new skills to complement Al technologies.
Surveys and statistical studies conducted by mar-
ket research companies such as Statista, Edison Re-
search, Pew Research Center, Gartner etc. (149 stud-
ies in total), show the evolution and impact of Al on
jobs [11]:
* Al is expected to contribute $15.7 trillion to the
global economy by 2030, which means a 14% in-
crease.
¢ Al could eliminate over 85 million jobs by 2025.
Al technology increases company productivity by
40%. By 2030, intelligent robots could replace 30%
of the global workforce, and 375 million people
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avea nevoie sd-si schimbe cariera pana in 2030.

¢ Un risc ridicat de automatizare afecteaza 38% din lo-
curile de munca din SUA, 35% in Germania, 30% in UK
si 21% in Japonia si peste 20 de mil. de locuri de munca
in productie ar putea fi pierdute pana in anul 2030.

3. Sisteme avansate Al de detectie a
obiectelor (YOLO)

Detectarea, identificarea si localizarea obiectelor dintr-
o imagine sau un stream video este o parte importanta
dintr-o serie de aplicatii cum ar fi supravegherea, con-
ducerea autonoma a masinilor, robotica, inspectiile vi-
zuale, de exemplu ale imbindrilor sudate, solutiile de
automatizare in diverse procese industriale etc.
Primele reusite in detectia obiectelor folosind Al si
algoritmi Deep Learning a fost modelul R-CNN dez-
voltat de Ross Girshick si echipa sa de la Microsoft
Research in anul 2014 [12,13]. O contributie majora
la dezvoltarea algoritmilor deep learning de detectie
si clasificare a obiectelor a avut o lucrare publicata
de un colectiv din University of Washington, Allen
Institute for Al si Facebook Al Research, care pana
in prezent a fost citatd in diverse cercetari de pes-
te 45.000 de ori [14]. YOLO (You Only Look Once)
propune utilizarea unei retele neuronale care face
predictii simultane despre casetele de delimitare ale
obiectelor, cat si asupra probabilitatilor de clasa pen-
tru care a fost antrenata reteaua neuronala. YOLO
abordeaza intr-un mod diferit algoritmii de detectie
a obiectelor fata de alte versiuni similare, ceea ce a
condus la o crestere a performantei algoritmului in
ceea ce priveste acuratetea, localizarea si clasifica-
rea obiectelor.

Descrierea detailata a arhitecturii algoritmului YOLO
depadseste obiectul lucrarii de fata, dar putem aminti
faptul ca intr-o perioada foarte scurta de timp YOLO
a fost perfectionat prin contributia mai multor
specialisti IT care au dezvoltat arhitecturi Al YOLO
open-source. In figura 3 este prezentatd evolutia in
timp a mai multor modele Al bazate pe prima ver-
siune YOLO [12,13]. Tn prezent existd deja versiunea
YOLO 9 [15], iar in literatura de specialitate sunt
prezentate diferentele, imbunatatirile aduse si indi-
catorii de performanta pentru diferite versiuni YOLO.
Proiectul Weld Visual Inspection are ca si scop prin-
cipal dezvoltarea unei arhitecturi software bazate pe
Al si deep machine learning, figura 4, care va fi capa-
bil sa detecteze imperfectiuni de sudare din medii
diferite: piese sudate, fisiere video, camere web sau
industriale, poze, ruland pe PC-uri, inclusiv pe dis-
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may need to change their careers by 2030.

e High automation risk affects 38% of jobs in the
USA, 35% in Germany, 30% in the UK, and 21% in
Japan, with over 20 million manufacturing jobs po-
tentially lost by 2030.

3. Advanced Al Object Detection Sys-
tems (YOLO)

Detecting, identifying, and localizing objects in an
image or video stream is an important part of vari-
ous applications such as surveillance, autonomous
driving, robotics, visual inspections such as welded
joints, automation solutions in various industrial
processes etc.

The first successes in object detection using Al and
Deep Learning algorithms came with the R-CNN
model developed by Ross Girshick and his team at
Microsoft Research in 2014 [12,13]. A major contri-
bution to the development of deep learning algo-
rithms for object detection and classification was a
paper published by a collective from the University
of Washington, Allen Institute for Al, and Facebook Al
Research, which has been cited in various researches
over 45,000 times [14]. YOLO (You Only Look Once)
proposes the use of a neural network that makes
simultaneous predictions about object bounding
boxes and class probabilities (prediction probabili-
ties of correctly predicting the types of objects for
which the neural network has been trained). YOLO
approaches object detection algorithms differently
(compared to similar detection versions), which has
led to improved algorithm performance in terms of
accuracy, localization, and object classification.

The detailed description of the YOLO algorithm ar-
chitecture exceeds the scope of this paper, but it
is worth noting that in a very short period of time,
YOLO has been improved by the contributions of sev-
eral IT specialists who have developed open-source
YOLO Al architectures. Figure 3 illustrates the evolu-
tion over time of several Al models based on the first
YOLO version [12, 13]. Currently, there is already the
YOLO 9 version [15], and in the specialist literature,
the differences, improvements, and performance in-
dicators for different YOLO versions are presented.
Weld Visual Inspection Project aims to develop a
software architecture based on Al and deep machine
learning, as shown in figure 4, which will be capable
of detecting welding imperfections from different
environments: welded parts, video files, web or in-
dustrial cameras, photos, running on PCs, including
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YOLO timeline

2018 2020

YOLO-v4

2015 T 2017
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=

Figura 3. Evolutia algoritmului YOLO in timp [12]
Figure 3. The evolution of the YOLO algorithm over time [12]

pozitive mobile tip smartphone sau tabletd. Nu in ul-
timul rand, proiectul Weld Visual Inspection va con-
stitui o platforma de lucru colectiva pentru studentii
din programele de studii Stiinta Materialelor si In-
gineria si Protectia Mediului, care vor invata cum sd
lucreze si sa dezvolte noi aplicatii in computer vision
si Al

smartphones or tablet-type mobile devices. Last but
not least, the Weld Visual Inspection project will pro-
vide a collaborative working platform for students in
Material Science and Environment Engineering and
Protection study programs, who will learn how to
work and develop new applications in computer vi-

Colectare

Tncércare Etichetare
Collect Labelling
Upload M

SIS

sion and Al.

Organizare baza date
Organizing of DB

2T

Pre-procesare imagini

Antrenare retea
Training of NN

Executie model

Pre-processing Deploy

Figura 4. Mediul de lucru Roboflow utilizat in proiect pentru dezvoltare aplicatii de computer vision
Figure 4. The Roboflow working environment used in the project for developing computer vision applications

Prima versiune a proiectului Weld Visual Inspection
a utilizat o baza de date cu 155 de imagini ce contin
diferite imperfectiuni de sudare ce pot fi detectate
prin inspectie vizuala, figura 5.

375 Total Images  Dataset Details

The first version of the Weld Visual Inspection pro-
ject used a database of 155 images containing vari-
ous welding imperfections that can be detected
through visual inspection, as is shown in figure 5.

View All Images =

Dataset Split

TRAIN SET

330 Images

VALID SET

30 Images

15 Images

‘ I TEST SET

Preprocessing Auto-Orient: Applied

Resize: Stretch to 640x640

Augmentations

Hue: Between -15° and +15°

Saturation: Between -25% and +25%
Brightness: Between -15% and +15%

QOutputs per training example: 3
Rotation: Between -15° and +15°

Saturation: Between -25% and +25%
Brightness: Between -15% and +15%
Exposure: Between -10% and +16%

Noise: Up to 8.1% of pixels
Exposure: Between -10% and +16%

Noise: Up to @.1% of pixels
Exposure: Between -18% and +10%

Figura 5. Baza de date cu imperfectiuni de sudare, program Weld Visual Inspection
Figure 5. Database of welding imperfections, Weld Visual Inspection program

n faza urmatoare de pre-procesare a imaginilor se
introduc o serie de filtre de augmentare, precum
rotatii (£15°), saturatie (+25%), luminozitate (x15%),
expunere (+10%), zgomot de fundal, temperatura
culori (+15°), rezultand un numar de 375 de imagini,

In the next preprocessing phase of the images, a
series of augmentation filters are introduced, such
as rotations (+15°), saturation (+25%), brightness
(£15%), exposure (£10%), background noise, color
temperature (+15°), resulting in a total of 375 im-
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figura 5. Dintre acestea 330 au fost folosite pentru
antrenarea retelei neuronale, 30 pentru validare
(output) si 15 imagini au fost folosite pentru testare
retea. Parametrii de performanta ai retelei calculati
pe baza celor 15 imagini de testare sunt 43.6% mAP,
79.2% precision, and 36.3% recall.

;l Confidence Threshold: sa%
B o )

Overlap Threshold:

0% o
.| Label Display Mode:

e A N}&_..,,

ages, figure 5. Out of these, 330 were used for train-
ing the neural network, 30 for validation (output),
and 15 images were used for network testing. The
performance parameters of the network calculated
based on the 15 test images are 43.6% mAP, 79.2%
precision, and 36.3% recall.

/ i
SiG e E [g |

Figura 6. Detectii imperfectiuni de sudare, program Weld Visual Inspection
Figure 6. Welding imperfection detections, Weld Visual Inspection program

in figura 6 sunt ilustrate o serie de imperfectiuni de
sudare care au fost detectate cu ajutorul programului
Weld Visual Inspection realizat de catre autori. Fie-
care clasa de imperfectiuni detectata este incadrata
cu un chenar de culori diferite, fiind prezentat si
scorul de incredere pentru detectia respectiva.

4. Concluzii

1. Caracteristicile de rezistenta si performanta ale
fmbinarilor sudate reprezinta un aspect esential
pentru exploatarea eficienta si in siguranta a
structurilor metalice sudate.

2. Detectia imperfectiunilor de sudare cu algoritmi de
Al este 0 metoda performanta, precisa si pretabila
pentru automatizare.

3. Proiectul Weld Visual Inspection este o arhitectura
software bazata pe Al si Deep Machine Learning,
care este capabil sa detecteze imperfectiuni de
sudare din medii diferite: piese sudate, fisiere
video, camere web sau industriale, poze.

4. Performantele aplicatiei pot fi imbunatatite prin
addugarea de noi imagini in baza de date si printr-o
noua sesiune de antrenare.

Confirmare
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Figure 6 illustrates a series of welding imperfec-
tions that have been detected with the Weld Visual
Inspection program developed by the authors. Each
detected imperfection class is framed with a differ-
ent color border, and the confidence score for that
detection is also presented.

4. Conclusions

1. The strength and other performance characteris-
tics of welded joints are essential for the efficient
and safe operation of welded metal structures.

2. Detecting welding imperfections with Al algo-
rithms is an efficient, accurate, and automation-
suitable method.

3. The Weld Visual Inspection project is a software
architecture based on Al and Deep Machine
Learning, which is capable of detecting weld-
ing imperfections from different environments:
welded parts, video files, web or industrial cam-
eras, photos.

4.The app's performance can be improved by add-
ing new images to the database and through a
new training session.
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