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e Interpretation of inspection results and
validation data

e Considerations on validation program for
automated inspection

e Performance measurement

e Maintaining the manual inspection
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Theory 5: Transition from Manual to automated visual Inspection
Some method comparison

Automated Visual

Semi-Automated Visual

Manual Visual Inspection

Inspection (AVI) Inspection (SAVI) (MVI)
v" High speed and high v/ Adaptation v' Adaptation
capability v' Speed v" Brain
v Highly reproducible v" Brain v" Flexible
v" Consistent (no fatigue v" Flexible v" Decision capable
effect) v' Decision capable v" Classification of defects
v' Defects presentation
v High initial investment v"Inconsistent (fatigue v" Inconsistent (fatigue
v" Works within strict effect) effect, emotional)
condition (validated v" Not highly reproducible v" Not highly reproducible
upstream process) v' Susceptible to influence v" Susceptible to influence
v' Detect “only” preset v/ Some uncovered area v Slow
defects v" Monotonous repeated v" Monotonous repeated
v"Indiscriminative (i.e.: work work
fiber and cracks are v Significant training
seen the same way) effort
v' Some uncovered area
\v"  Higher false reject rate ) \_ \_




Theory 5: Transition from Manual to automated visual Inspection

PDA Inspection steps from object presentation to decision

Parentarsl Drug Association

N>/

Object presentation

NSA
b T
<\

Distance

Decision
3

Science and Requlation®



Theory 5: Transition from Manual to automated visual Inspection

PD Example of MVI interpretation with color continuity : SNOW can be blue
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Figure 1.1: The Perceptual Process

Chromatic continuity:
We see snow even when color
changes drastically (RGB)
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PDA
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Machine qualification : ICH Q9 - Risk base approach FMEA

AVI Process - AVI

Description

CQA/CPP

hh - Syringe are transported by the
conveyor to the Seidenader

- Syringe are transported by several
starwheels. Different cameras

| | placed at different steps take

| pictures of different parts of the

| syringes.

P |

p | | |- The images are analyzed in order
Seidenader to detect any defective syringe
\ based on the defined defects.

- The syringes detected as defective
are directed either to ejected
syringes or rejected syringes.

yringes detected as accepted move
through a conveyor to the color code
labeler.

Camesa Station 3 Camara Station 8

Plunger)
Cameea Station 4
144
(Tip Cap) 1
\
Camera Station 3 T

(Sidewall 2) %, | Al

Camara Staticn §

FParsche 2)

Camara Staticnd

/._} Tasting Particle)
Camea Staticn 7

{Paricle 17 Sicdewa 11"

343

Camara Station 1 . .§ :é
(Finger Geg) £ 341
1421 - & 3
e W ) { ))
{ (I o )
+ -~ || ! ll H: q{ "I) {
T, Saac 1 | 148 |
I_|| l 147 | g gl o I|
LI Laansz

L 349 |

— Main peoduct fow
(ETELE]
eeeseele  Produd et feadng fow

Description:

Seidenader is the equipment used for automatic visual
inspection in order to detect any SQIPP defect on syringe
like particles, cracks, filling volume, closure system and
stopper.
The equipment detects and removes defective units with
an acceptable rate and sustainable false-
ejection/rejection rate.
It is composed of :
- Atransport system (frame, conveyors, wheels,
tray etc.)
- Avision system (lights, mirrors, cameras, SVIM
module etc.)
- A process control system (PLC, HMI, network
architecture etc.)

For the Seidenader:
- CPP: See list below

- CQA: Syringe with System closure, syringe with integer stopper, syringe without
crack, syringe free of particle, syringe with correct volume, product’s potency.

CcPP

Refeed transport mode |

CQA

Stress free transport
validation with a refeed rate

Synchronization
Electrical phase =
Mechnical phase

Rotation profile

Rotation speed

| Syringe without crack

| Alignment too

Global Document on high
rotation specification

Syringe with System
closure,

Syringe with integer
stopper,

Syringe without crack,
Syringe free of particle,
Syringe with correct volume

Product’s potency

Mirror xx position

Camera positions

Camera focus

production and PQ

Position control tool

Luminance Intensity
LED (Angle, Distance,
Driver output parameter)

Luminance control tool
Maintenance job description

Access Control

Settings with access control

Time out of refrigeration
xx hours

Filter (Integrity, Presence,
Cleanliness, Mounting)

4000 U/min
- Stress Iree transport - -
| Transportation | validation | Syringe without crack
| Recipe tools and | Recipe check before

Syringe with System
closure,

Syringe with integer
stopper,

Syringe without crack,
Syringe free of particle,
Syringe with correct volume

I SAP Control

| Product’s potency

| sopx

Maintenance checkina

I Maintenance checklist

| Syringe free of particle

| Syringe without crack
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PDA Machine qualification : ICH Q9 — Example FMEA by block function
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Situation after appropriate

al Failure Current Situation Situation with appropriate measures e — Traceability
2 3 4 5 6 7 89 ]10 | 11 12 13 14 15 16 | 17 | 18 | 19 | 20 21
c c
= =
Potential Potential Impact on R ® CPP Recommended . R ® Reference /
Process step | Failure failure effect Potential failure cause CQA Curr;e:atszc;gtrol Ss|O0| D P § Attributio preventive Resbplgnm S [¢] D P § Parameter
(Xxx N s n Xxx actions N g /SOP
< <
erial - Product
If the syringe has not .
R Supplier
the same structure -> notification

. recipe will not analyze | Variability on the
XX Material ] - h No management 21313 18 N/A N/A N/A 2 3 3 18 N/A
correctly -> High false | material design (Change control )

ejection (example: and yearly
flange variability) business review

Change behavior of

mobile particles or air | Product viscosity do not Rotation
xx Product bubbles -> missed fit the specification S4 AQL 3|13 9 @ profile NIA NIA 3 1 s 9 @ NIA
particles.
Luminance and Recipe detection
A Quiality control .
rotaﬂ_or;] impact are Fixed parameter in Rotfa_lltlon
-> . .
XX Product iminton energy | Product stability do not s6 tgle bal Docu LISttof 5011 |5 and Pigggte éggmé NA |5 |1 |1 |5 N/A
u Z\nd Shear stress fit the specification onoHia;;h gg?;:igﬂ & | luminanc gn d parémeter @
estruct components Specification is e )
inside -> Strength of ! intensity
product decreased given for each
) product.
Tub is slightly
turned to let the
Product not well Sedimentation of the product been Define the
homogeneous -> roduct does not fit the homogenized b process for offline
xx Product Falseghigh ejection gpecification (offline no opera?or. Y 2123 12 N/A production in NIA 2 1 1 2 9 NIA
rate production) Prerotation step in SOP xxxx
Seidenader before
CSI Station




Theory 5: Transition from Manual to automated visual Inspection
PDA Machine qualification : main steps and OQ
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Installation Qualification

* Documentation verification , component data verification, drawings, system Installation
verification, utilities, Software and IT verification

Operational Qualification

e HMI Layout verification

e Alarms verification

* Screen navigation, access verification, security verification
* ER/ES verification

* MES (Manufacturing Execution System) server communication
» Backup / Restore and disaster recovery

* Containers handling

e Counters and cells control

e Vlrotation at 360° control

* Recipes version verification




Theory 5: Transition from Manual to automated visual Insp

PDA Julius Knapp : Deterministic # probabilistic

Since the particulate visibility statcment in the
X1IX Revision of the Pharmacopeia (9) is
based upon a deterministic human inspection
it is inappropriate and should be discarded.
With both manual and automated systems
regarded as probabilistic, they can now be
similarly evaluated and their demonstrated
capability rigorously compared.

longevity estimates. The particular containers rejected in
any single inspection cannot be accurately predicted except
for two special cases: those containers that are absolutely
clean and are never rejected and those containers with gross
defects that are rejected in every inspection.

Connecting People, Science and Regulation®



Theory 5: Transition from Manual to automated visual Inspection
PDA Uhlir pioneer work for method comparison: Venn diagram

Parentarsl Drug Association

N>/

In terms of the two-dimensional probabilistic inspection
model, Uhlir utilized two unrelated one-dimensional
probability distributions: manual and machine. In conse-
quence, the differing sensitivities of the two methods can
yield the Venn diagram result shown in Figure 1. Here, the
manual inspection and the automated device perform in
exemplary fashion. Figure 1 indicates, however, that the
sets of containers rejected by each method had few con-
tainers in common. This comparison suggests that the Uhlir
evaluation methodology may not generate the demonstra-

3 H > + * . . 00 |“L
tion of equ.wal.ence th.at CGMP’s require in the Yalldatxon AELECTED oY nspp 000 VAL
of alternative inspection methodologies and devices. BOTH INS ‘-\
5% REJECTS
5% REJECTS
OF INSPECTOR®_ \ —OF INSPECTOR &

F igure ! — Venn diagram of two inspector particulate
inspection demonstraling the expecied paradoxial
resulls.

Connecting People, Science and Regulation®




Theory 5: Transition from Manual to automated visual Inspection

PDA Why Correlogram unit by units does not make sense ?
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(ET Comment R Veillon

When J Knapp draw a correlogram of

CORRELATION COEFFICIENT= .85t 52 REJECT 20NE REJECTS 70 RUNS .
HANUAL1 MRZRI= 1 ARZRI= 2 between 2 method, each plot is the
] xS . . ope
! , 2ixs number of units in each probability

2 €
H 2% class
+ = a = x 2 . . .
! - That is NOT paired comparison per
+ . L T T L R . X E
: . . B DEFECT
. x
|
M x x The capability of one process relative to the other cannot
i . 3 be evaluated until the correlation between the resuits of both
1 * = inspections is established. This correlation is based on an
s " u x * - examination of the inspection history of each container in
. : R each inspection process. Sufficient inspection replications
1" . : . i are required to assure statistically reproducible results with
12 . acceptable tolerance intervals. Since we are dealing with
ax ] | = nEN. T ‘. « .
sc33z2m2xz % 2 x 2o probabilistically defined quantities, statistical tools must
Yt m e B e e Rmmemt ' v bt ————s be used. The basic questions of replicability, relative per-
MR1 = ,264 HR2Z = ,187 MR3I = ,133 AR = .J66 ARZ = .;giafms = 275

MRZE1= .887 HRZE2= .793 MRZEd= ,714 ARZE1= .952 ARZE2= ,91) ARZE3= .874
HRAG!= .100 MRAG2= .@28 MRAG3= ,013 ARAG1= ,212 ARAG2= .138 aRaAG3= .113

CORRELAGRAM OF MANUAL INSPECTION VERSUS
PDS/A AUTOMATED INSPECTION

NOTE: *=1
Y>9

“igure 3—Correlagram comparing the results of 72 manual and 70 PDA/A inspections. A comparison summary of the two inspection methods
is included in the computer printout. Of major interest is the fact that only 1 (MRZR1) of the 52 were rejected manually with a probability of 1.0.
The PDA/A rejected 20 (ARZR 1} of the 52 with a probability of 1.0. The plusses on each axis are the 10% increment points from a rejection probability
of 0 to 1.0. The abscissa is for the automated system; the manual system rejection probability is the ordinate. The dotted lines shown are the Reject
Zone boundaries for both systems. The * symbols indicate a single container at a point in the plane, a Y indicates a number of containers greater
than 9. Values between 2 and 9 are shown directly. The reject rate, R, the Reject Zone Efficiency, RZE, and the undesired reject rate in the Accept
and Gray Zones, RAG, are tabulated under the histogram with suffix 1, 2, and 3 to indicate sequential inspection number. The prefix N indicates

manual inspection; the A prefix indicates an automatic inspection.
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PDA Classification of defects by « probability sub group »
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b v 3 a4 5 & 1 8 8 1.0 Figure A2—One-dimensional histogram of a normal batch showing the
P(MI) REJECTION PROBABILITY accept Gray and Reject Zones defined by the human based standard
inspection.

Figure 2— Histogram of probability of detection for @ 1000 vfal randomly selecied test group. The Schering standard

17 second paced mamal inspection was employed,
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PDA
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'To accomplish this evaluation,
two random distributions must be compared.

When the implications of the two dimensional probability
plane of Figure A2 are examined it becomes apparent that
each entry in either system can be transformed into a dis-
tribution in the other system.

TABLE All. Probabalistic Distribution of Rejection Probabilities for Containers in “Manual™ [nspection and “System™ I and 11

| E N(0) 5 N(.1) |I N(.2) } N(.3) ; N(.4) : N(.5) : N(.6) 1 N(.7) : N(.8) { N(.Q}% (N1. 0)‘
I

| “MANUAL” | 1 | 1 | 1 | 1 } 1 | 1 | 1 | 1 | 1 | 1 | 1 |
| | | | | | | I I | I I |
[“SYSTEM” | 2.5 | 1.5 | 1.5 | «5 | ©0 | 0 | 0 | «5 | «5 | 1.5] 2.5
| | | | | | I | I | | I I
I &II | | | | | | | | | | | |

Connecting People, Science and Regulation®



Theory 5: Transition from Manual to automated visual Inspection

PDA RZEM terminology
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RZR(M1) 14.7
= = 81.7% oor
RZN g ol ;

1000 VIAL RANDOMLY SELECTED TEST GROUP

RZE(MI) =

ACCEPT ZONE GRAY ZONE REJECT ZONE

(Eq.4) =1

RZE(Mn) = efficiency of rejection in
Reject Zone

RZN(Mn) = number of vials identified in
the manual Reject Zone

RZR(Mn) = Reject Zone reject quantity
as defined in manual in-

e RZN = 18
NUMBER OF VIALS
1N REJECT ZONE
------- = RZR(M1) =14 7
REJECT ZONE REJECTS
FOR OME MANUAL INSPECTION
peumenee RZR(M21) = 12 2
REJECT ZONE REJECTS
FOR TWO SEQUENTIAL
MANUAL INSPECTION
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Theory 5: Transition from Manual to automated visual Inspection

PDA Example of standard MVI Baseline evaluation
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Material and Methods

e [10 kits + good units] = 1 inspection lot order

* No information given to inspectors = routine inspection

 No interactions with inspectors to avoid any interferences

e Changed shift to avoid interactions between inspectors

e 1inspection every day during 2/3 weeks, one inspector at a time

e Kit verified every day for defect state, replaced broken units to identical
e QF Result compiled for each inspector

+
A B Cc D 3 F G H 1 ) Conform
units
Kit#A ... to Kit #)

eople, Science and Requlation®



Theory 5: Transition from Manual to automated visual Inspection

PDA Example of standard MVI Baseline evaluation
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3. Material and Methods
* Data reporting
QF = number of ejected / number of inspected

Operators
1 7 10

oerect ||| |

Kit A Defect #1 Q F #1A
Kit A Defect #...
Kit A Defect #nn Q F #nn
Kit | Defect #1 QF #13
Kit J Defect #...

Kit J Defect #nn Q F #nn




Theory 5: Transition from Manual to automated visual Inspection

PDA QF distribution in MVI
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QF distribution for Syr. Particle defects

1.00
0.90

¢ Min QF for 10 operators
0.80
0.70 = Max QF for 10 operators
0.60

|
I ya A QF
|

0.50 / N
0.40 V4

| Poly. (Min QF for 10
0.30 o

operators)
/A/ * /r *

0.20 I . Poly. (Max QF for 10
0.10 %74? - operators)
Linear (QF)

Detection rate QF with 100 inspection

0.00 < <o < |
T v T I T 1
0.00 0.20 0.40 0.60 I 0.80 1.00 KEV |earning:
Detection rate QF with 100 inspection Particle detection in MVI is highly
) ) probabilistic: operator variability is

Data from particle MRZE studies . .

201142014 WN Syr. lower with very high QF > 0.70
Operator variability higher with
lower QF [0.3:0.8]

le, Science and Requlation®



Theory 5: Transition from Manual to automated visual Inspection

PDA AVI qualification by Knapp principle
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\w qualification by Knapp

S W 4
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c Q —
5 35 AVI Threshold
s 2
QD I
o > S AVl 24
2 %)
£2 — ;
= _% B MVI 8
2 QO
(@]
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o

100

Defect
units

H 1
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0
v

I
I
I
I
I
I
I
I
I
I
I
I
!
1

: |
Detection rate class ‘
. . . . False positive False negative
=> Comparison of 2 distributions of number Risk alpha risk Beta

>

of unit having same detection rate Sensivity
.
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Theory 5: Transition from Manual to automated visual Inspec
Going deeper with a statistical p value to compare AVI vs M

ADR vs. QF
1 = = ; =
7/
/
0.9 7 4
7/
7
0.8 V4
V4
0.3 y 7
7
7/
0.2 V4
/
7/
01| - 7
7/
V4
V4
0 -L -
/7
s o1l 0.26 0.41 0.43 0.61 0.62 0.67 71 0.74 0.89 0.96
QF

Manual Detection rate

Connecting People, Science and Regulation®

Key learning:

Particle detection in AVl has a
higher ADR and is less probabilistic
than MVI

Specially in range of QF > 0.70

In range with Lower QF
ADR is higher than MVI but more
heterogeneity between particles
(floating/precipitating)
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PDA Why is it important to maintain MVI ?
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e AQL donein MVI
e AVI qualification is compared to MVI reference




PDA Key take away:

Farenteral Drug Association

NS %

* In this section you have learnt:

Machine qualification

AVI

Interpretation of inspection results and validation

VS data : Knapp review
M VI Considerations on validation program for automated
inspection

Performance measurement

Maintaining the manual inspection
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