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Unconventional machine vision _
techniques for industrial pYZd
applications ° 2




Study:

Physics Degree — Physics of Matter @Physic department of
Milan

PhD — Physics of matter (Molecular Physic) @ Polytechnic
University of Marche, Materials engineering department

Activities (from the past up to now)

- Interferometric systems at VIRGO (EGO) gravitational
waves detector

- Non destructive inspection and materials
characterisation with Neutrons/X-ray diffraction,
tomography, small angle scattering

- Optical imaging and laser profilometry for industrial
‘applications

- Spectroscopic methods for materials characterisation

- Hyperspectral methods for materials and pharmaceutical
products analysis

¢J seEAvISION

Vittorio Calbuccl
SEA Vision R&D Engineer



Area of busi 9/ seavisioN

Software for Track &
Trace + Aggregation
of Pharma Products

Vision Inspection
systems for Pharma

Business Intelligence

Software Suite
Industry




® "
O ur H IStO ry - Qbmpany‘ New Acquisition of RC SEA Vision France is Training Lab
| founded Electronica (Spain) founded opening

¢J seEAvISION

Headquarter

1995 2004 Jj 2008

2nd siteis

New partnerships in open in Pavia

Russia, India, Korea, HQ opening in New partnership
Talwan, Pakistan Brasil

2017

Marchesini Group L
_ Acquisition of i
acquires 48% of SEA . . 200% i First stone of the
Vision Acquisition of 8% of the New Subsidiaries in 3rd site is open in new
minority shareholding of Germany, Russia and USA Pavia (Warehouse) <, LIXIS HEA_D%UA_RTER
in Pavia
Cno (LATAM)
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Employees and Sales results 9/ seavision

Our staff expertise combined with a 60
proportional staff growth rate ensure Abroad
customers the highest level of service.

Employees Sales results
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SEA Vision Products

HARLEQUIN

vision software
for the qualitative and
guantitative control of
pharmaceutical products

OCV

solutions for the
traceability of the drug
along the distribution chain
and vision qualitative
control

HARLENIR

vision software
for the chemical
composition inspection
of pharma products

YUDOO

modular suite software for the
management of optical drug
production lines 4.0 including
data collection, data analytics
and business intelligence
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OCV is our vision system that can be adapted to
basically any kind of control requested in the primary
and secondary packaging process.

On of the most powerful tools of the OCV are
serialization / aggregation and the programmable
measure.
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OCV - Serialization and Aggregation

o

OCV is the platform that we use for serialization and
aggregation application.
In addition can operate:

» Real time printer management

» Real time operations

» Remote Batch connector (Start,Stop,Hold,etc...)
» In Batch Rework operation

» Adaptable configuration for manufacturing process
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OCV - Programmable Measures y

Programmable Measures are a library of simple
Image processing tools (edge detection, blob detection,
extraction of pixels, distance calculation...), allowing
the operator to create a customized application for
Image analysis with specific acceptance conditions.

This tool is very powerful because allow us to create for
a standard library of algorithm a step-by-step control
that may have multiple check build inside.




OCV - Integrity Checks 9/ seavision

OCV was developed back in the days for - .
code reading and OCV/OCR controls. '

Cap Position and Liquid presence, label Impurities on plastic
glass scratch presence and

ampoules ring check

&
19 12 2017
Sleeve Presence Product quantity Bottle Neck Integrity O OCV / OCR
check [ =



Harlequin
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Harlequin is the vision system for the inspection of oral solids
forms and pharmaceutical kits on Dblistering and

thermoforming machines

» Components presence/integrity in white PVC, transparent and

paper-made tray
» Mainly vials, syringes, ampoules
» Barcodes, 2D codes and online-printed variable data
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Harleguin - Components presence/integrity

9
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ra— 1
Tablets and capsules inspection White Tablets on White Blister: Tablets Inspection on
on ALU-ALU: - Presence of defects: Cracks, Dents, transparent PVC:
Presence, Color, Integrity Black Dots Presence, Color, defects
Multi-product on the same cavity - Chromatic inspection
Q-
@&

Capsules Inspection on PVC Capsules in Blue/Transparent Blister Control in the cavity of the
Presence, Color, Integrity, Dimensions - Presence, Color shape and tablet position -
- Double Chromatic Check - Double products in the same cavity 0 * |

for color inspection - {7
|
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Harlequin - Packaging integrity
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Presence of impurity and Control of Control of tray formation Syringes inspection:
defect on the blister components in tray Integrity, completeness
surface
Q-

LAEEL ARER
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Control of Color rings in Powder level inside the Counts vials in a tray Control of formlng cartons for
vials vials: 3D inspection ® -/ / _-inserting components
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Non-Destructive technology

o
- Hyperspectral Imaging 7\

- Optical Coherence tomography
- Thermography

- Optical Spectroscopy

- Terahertz Imaging

- Nuclear Magnetic Resonance

Reference reflector

In vivo raman spectrometer system

Y-directio Diode laser (785 nm)
N c llimator ‘ \ \ —
o B i
(mm) .
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X-Y translation stage ¢ ¢ Fiber bundle

amera
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HarleNIR - Chemical imaging 9/ seavision

e
With the introduction of the hyperspectral cameraas - \

Inspection system for the pharmaceutical products Harlequin |
is becoming HarleNIR. 4 ‘

HarleNIR working range 300 — 1700nm

Working region
of HarleNIR

‘ '_I: ]
I IS A
, Pt | 13 L ,
sPecim
o= P
)

Working region -
of Harlequin |

[ ]

gamma ray ultraviolet infrared radio
X-ray Aisible microwave
- P
e
shorter wavelength . | longer wayelahgth
HyperSpeCtl’al B&W or RGB higher frequency g - lower frequency

higher energy ‘ lower energy

camera system camera system ' o

Harlequin WW\WWJ”JW Uﬂumw JUW

Customized light source depending on the application
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HarleNIR - Possible applications on a pharmaceutical products

@
PHARMACEUTICAL PRODUCTS

TABLETS CAPSULES POWDERS

VIBRATING PLATE P

Mix-up avoidance

Foreign object identification

Presence of cracks

Absence of coating

Overlapping defects

Identification of empty blister

Moisture content determination

BLISTERING MACHINE

Mix-up avoidance

Foreign object identification

Presence of cracks

Absence of coating

Overlapping defects

Identification of empty blister

Measure of the active principle distribution

Moisture content determination

GRANULATOR , | V
Moisture content determination |

Homogeneity of blend




Origin of the spectroscopy 9 seavision
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In the year 1704 Sir Isaac Newton build the first
Spectrometer described on it's book.

In the year 1800, Sir William ®
Herschel discovered
the existence of infrared radiation.



Where and what we are looking for?

Spectroscopy is the study of light interacting with matter.

Dipole Moment

u=ad

Relationship between IR intensity
and dipole moment

] 2
IR & 8—5)

Q is the vibrational coordinate
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Compbingations

8

NIR has become the first choice in many areas of

application

Some of the most common functional groups, e.g.,
C-H. O-H and N-H are measured with NIR.

{
f
/
‘ |

¢J seavi

|
N |
[ X
| ~ D
A

|
|
|

|
\
\
\




g} \ SEA\/‘IS| N -

Spectral Imaging open new dimensions e

SPECTROSCOPY COLOR IMAGING HYPERSPECTRAL e
IMAGING @

12 4
4
1.1
3 3
4 at 13 3
H
104 . 5
D 3
2
1 F4
0.0 /
o f
Gd-
0.8 - - _ _
¥ T ¥ T " T ¥ T T T ]
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Accurate SPECtraI anaIySiS SeEing RGB CO|OFS Of one image Only Spectral Signaturé Images
of one spatial pixel only revealing @bjects chemical
compositio
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Hyperspectral Imaging

Hyperspectral vision system: the natural subsequent step on the ©
evolution of the vision system starting from the Dblack/white Pushbroom
cameras and passing from the RGB and the multispectral cameras.
| S | o ':;'."j . i’ L3 Matrix .detector T \.//
Hyperspectral System works In several spectral range: k.
1 — Visible Spectra range: 400 — 700nm . — 1
2 — Visible — Near InfraRed Spectral Range: 400 — 1000 nm
3 — Near InfraRed Spectral Range: 900 — 1700 nm *
4 — SWIR Spectral Range: 1700 — 2500nm
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Chemical imaging - beneral definition '

£

Chemical imaging technique, Is the combination of

spectroscopy and digital imaging. A spectral image o
contains many spectra, one for each individual

point on the sample’s surface. The image contains

valuable information about the spatial distribution of

the materials within the sample.

The analyst may choose to take as many data
spectrum measured at a particular chemical
component in spatial location at time. This Is useful

for chemical identification and quantification

The goal of hyperspectral imaging is to obtain the O
spectrum for each pixel in the image of a scene
with the purpose of finding objects, identifying
materials, or detecting processes.




o |
How the data are obtained? - Pushbroom imaging 9 seavision

Starting from the analysis of the spectra will be possible to extract the chemical - 9
information regarding the observed objects. | |

g
m N E E Concatenating Tl - I
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Hyperspectral \ Dispersing Filter
Image
Lamp
Focal Plane o imesIN
Detector |5
Dispersed Light f 5
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Concept of frames



Analytical methods - how the data are treated?

Non - Supervisioned methods - QUALITATIVE ANALYSIS

ANLYTICAL METHODS:

| Chemical varistion .
Pre-processing of the data: Normalisation, Derivative, H--r w
Smoothing

Celecton of =

Processi ng. Classification

- Correlation function,

- Inner Product

Supervisioned methods 2> QUANTITATIVE ANALYSIS

ANLYTICAL METHODS:

Pre-processing of the data: Normalisation, Derivative, Smoothing

Processing:

- Multivariate Analysis: PCA, PLS — DA (linear regression)

- Clusterization: K-means

od nuts

Modsureman! o Il B incheese

i PCA Quantfication F_. w k:”k J :

Image processing

Chemometrics
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HarleNIR R&D applications - Feasibllity studies

The tablets on the right
column are all equal. The
other tablets are different for

the dosage and the
distribution of principal
compound. From a standard Mix-Up detection
RGB camera all the tablets
appears the same.




HarleNIR - Example of identification 9/ seavision

Data extraction

RGB Iimage Hyperspectral image
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Spectra comparison of the analysed tablets

Good ' - _

"'\-h
Tablets \ o
\ e T4
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Wavelength [nm]

Spectral range extraction

False color image of
tablets with different APl
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Amlodipine[Blue] - Pantoprazole[Orange]

Tablets with different dosage

Amilodipine 55I102[Blue] - Amilodipine 105103[0Orange]
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HarleNIR - PAT tool for pharmaceutical product inspection
7 |
B Process analytical technology (PAT) has
‘ been defined by the United States Food .

Z spPecim

FX17

Customized light source
Linear Halogen bulb

3

and Drug Administration (FDA) as a
mechanism to design, analyse, and control
pharmaceutical manufacturing processes
through the measurement of Critical
Process Parameters (CPP) which

affect Critical Quality Attributes (CQA)

Critical Quality Attributes (CQA):

- API content uniformity e
- Tablets moisture

- API mix-up avoidance SN

Tablet coating uniformity

Use of the hyperspectral camera for the APl content e
uniformity = On line products release! ”__f",__,---_;;ﬁ
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HarleNIR - In line application & Machine integration
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Produced tablets
Machine speed = 300 The tablets with different on the blister
blisters/min chemical Composition are machine .
well visible e =
Acquisition rate > From 520 (full
band) to 15000 frame/s




HarleNIR - Example of identification 3/ seavision
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Cameras Acgusition Current  Save Lr Em YAncow Seorch And Measure Critca Learning Contr 3&5 FParaneters 2 Show Eﬂtnq Measure | Logout End

tCes Maste - Measure Tolerances T e'a ces Defects Reads
Madfy Artce Vauakzaton Controls

Distinction of product with different dosages
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Distinction of product with different dosages
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t Al Rejection SEA Vision Measure  |Logout
-
» » .\j|‘b

Work Visualization Controls

Double check — Visual inspection and dosage content control
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HarleNIR - Tablet coating Inspection

With Coating[Blue] - Without Coating[Orange]
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O 2 |daen w00 00 80 9 o B i [V
Al

Cameras Acguston Current  Save Link Eat Window Search And  Measure Strp  Cnbtcal Leamning Conftrols Parameters Show Edbng Measure | |logout End
. Artides Master . Measure Tolerances Tolerances Defects . . . *  Results

Linked Modfy Artde Visualzation Controls

Distinction of product with missing coating
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HarleNIR - APl Content uniformity

A different gray intensity level reveals foreign tablets

Customized light source Good blister o Blister with Mix-up
Linear Halogen bulb Missing tablet
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HarleNIR - Moisture measurements P

Measurements in reflection Measurements in transmission.
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Transformation from
reflection to absorption
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HarleNIR - Other applications & Inspection of ceramic material
Moisture content of ceramic powder




Acquired Frames

Calibration curve
obtained by a
thermobalance

C2

Algorithms applications

. Image reconstruction
on the acquired frames

C1

Livielllp di grigi

()
-

Grado umidita

Moisture degree [%]

¢/ | sEAvision



| ¢ seavision
Optical Coherence tomography

OCT Is an optical imaging technique that is:

* Fast

* Very sensitive |

* Non-contact B O

* Non-destructive

* Provides a resolution on the micron scale

* Provide a cross-sectional images with an high penetration depth
(Not for all materials)

ok -\‘:{f .

OCT - Human eye
Inspection

OCT image of thin plastic film

OCT image of fingerprint

OCT 3D image of a tablet
Inside the blister
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How does OCT work?

OCT is based on white light interferometry
Probe beam is focussed into sample

. Light source &tectnr
<

Light is back-scattered from different structures Z )

A Michelson interferometer is used to measure the | \ LTS

travelling time of photons AN Sa;—mlex B
. *_

Signal on the detector T

(2 )
| = 1o+ 1 —21,1, cos| == Al
A4 /

Beamsplitter

Lightsource
l,: Intensity sample light

lz: Intensity reference light

DI__.: Optical path difference

opt*

|: Wavelength Detector g
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OCT feature: Penetration on materials

- - Plastic material - Thickness of 1.6mm

N
Stop, | Mecord  Srapshot  Advanced Sasptho Satngs Mg | |Seun B E

- S Mec Forrmry Carmer O
Physical | w1 47 r . ! . K Seudy tode rat amena o

“ o o Tﬂ v \{ @ Captured Datacets

: Stop | Record  Smapshot  Advanced Smapshot Settings  Help || | Search
J . ¥ = V4 A fFo
Physical [~ 52 r » @ = [=:K . et [ # ' Mace | Format

Sampte

Dataset Parameters

») General

g
&

a

Study | Default Nus
Refractive Index

251
/26/2014

v ) Comment

» ) Scan Pattemn

Size 1268 2 puel
FOV

Poel Sze

X| Fued Puel Sae

-3

Mode | Format | Camens b

Center

Sample Monttor

et et Darareters

507 PM
&//24

Carvale Manaor

The images represents the section of the
sample along the red line -




¢J seAvision

T EeEWMeT WML

The images represents the section Printed circuit board — the inner
of the sample along the red line. structure Is well visible. Structural

analsys can be performed.

Thickness and distances
measurements can be
performed.

Possibility to verify the presence of
unbonded and unwelded layers.
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OCT applications: electronics

Mobile phone inspection

0o © m v N @  CovturedOotren i
|ustop, | Record  Snapshot  Advenced Snapshot Settings  Help E3N A

Physical [~ 43 | - & = [= > shat | BOE | | Format| Camera | Data

-

Touch screen ~
CIFCUIts | e |

Pixels | _ =

Sample Monitor

Dteses Parsmetess
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OCT applications: pharmaceutical/medical

Iboprufen tablet

Coating

nner
structure
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Iboprufen pill inside the blister

. € g lister surface
Stop. Record  Snapshot  Advanced Snap! \ Settings | o

o Sang M T ) M/ for
prpsicat |~ 32 % » é | Kl Stuady £ | Mods | Format

Default 19 1 Prex

— Scan line

Study Defausit - Numbes

Refractive Indes

v ) Comment

an Pattem

10243 pieel

Pieel Size

g Possibility to control
the presence of the
pill inside the blister

9
x (mm)

545PM

LI Lo

- Iboprufen tablets surface
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50 PM
47/2004
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Inline monitoring of the coating grow

PerfO rated d ru m Perforierte__\

Trommel

Spray
nozzle

Tab I et b ed Tablettenbett -

\___--—-Sprihdise
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AIlr outlet aumsces—-------
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ocT P
Messkopf

OCT head




Inspection of welded plastic bags for medical applications

The changes on the “white color”

Is an indication of the quality of
the welding

@ Captured Datasets va

- v
Settegs Search ' P B

Record Seapshot  Advanced Snapghot

Ce . 6<

Study 2 | Mode | Format | Camwra | O

D/l

@
1

Distaset Parameters

Defouk et Number

Refractive Index

v ) Comment

~) Scan Pattern

Sae
Fov

Pad Sae

Sample Montor

36em |
WA

An Automatic inspection system for the
presence of bubbles was developed

o R e

e .

Captored Datasets

va

2 9
N

Study = Mode | Feemat | C

Dataset Parameters

*'  Number

Refractive bndex | 100

» ) Comment

~) Scan Pattern

Sample Montor

Captured Datssets
Search *~ FE

Study # | Mode | Format | Camers o

Dataset Parameters

~) General
Study Default v Number

Refractive Index | 100(%

FOV

Pleel Sae

Semple Monitor
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Active thermography

Active thermography is an imaging procedure for non-destructive material testing.

A heat flow Is Induced by an energetic excitation of the test object, which can be done In
a transmissive or a reflective setup. The resulting heat flow Is influenced by interior
material layers and defects. These inhomogeneities can be captured on the object
surface by high-precision thermal cameras.

Internal Excitation

Electrical Ultrasound Testobject
o
"-x“'i--@ ﬂ@ Defect Controlling
IR-radiation IR-camera Image data processing
Induction Optical > NSNS Supply
’\/\ ]
- .’\/\/\
— AV AW N —
External Excitation NS e
Thermal Optical i . : 1
Triggering
™ N

qJ SEA\;i:;SION



Monitoring of the single bag - example of data extraction

Example of temperature profile for
a bag with and without port.

Example of temperature profile
| For a bag with rotated port.

o
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s ?,'1
A 4



Blister and Bottles sealing monitoring - Inline monitoring

Dynamic Infrared Vision

Advantages of DIR Technology:

- Real-time testing of 100% of the
products

- Real-Time process monitoring

- Full records for every products

- Very high throughput-> no product
slowdown

- Non-destructive, non-interfering

ON-~
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Optical spectroscopy

Suitable for point-by-point inline inspection . oo

What we can measure?

APl Content

- Moisture
- Crystalline Structure
- POINT BY POINT Measure!

1.2 1.1
PP L R ZTR ’
A o o, A B s — Bl
beeavgorisgetane®™ LREPRENRIR e "\"r"-‘-"'-v 5 #;'v-_n..#'.."-?-
S ferarg e le e o
wees Mel +++* Mel
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Optical spectroscopy ¢/ seavision
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CO2 determination on vials.
The absorption peak of the
CO2 at 1920nm is well visible



_ _ ¢ seavision
Raman spectroscopy imaging

Suitable for point-by-point inline inspection
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Terahertz imaging

On the THz range (300 GHz to 3 THz) and on the Infrared range (3 THz to 190 THz),
the which molecules exhibit molecular vibrational and rotational modes, which enable

to identify and quantify products compounds.
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Molecular vibration and rotation
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Terahertz radiation corresponds to
frequencies between the microwave and
iInfrared regions of the electromagnetic
spectrum: 300 GHz to 10 THz, or
wavelengths of 1mm to 1um.
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Nuclear Magnetic Resonance

NON-DESTRUCTIVE spectroscopic analysis method
based on the magnetic properties of the nuclei of some
atoms and Isotopes. Possibility to extract information on
the structure of the molecules and monitor the synthesis

reactions and drug formation.
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Thank you! 9 | seavision

Connect with us, follow our social channels
to get the latest news and event updates!
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