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Part 5: transition from MVI to AVI
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MVI remains Golden Standard
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« The reference method described in this chapter and in <790>
is a manual inspection of a single container for particulate matter “
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USP<1790> final draft for 2022

“However, multiple-container manual inspection, semi-
automated, and automated inspection methods are also
discussed and permitted by the Pharmacopeia. These
alternate inspection methods must be qualified to
demonstrate equivalent or better defect detection when
compared to the reference manual inspection described
in <790>.”

“Holding many containers by hand at once should be avoided,
as it is difficult to obtain a complete view of all container
surfaces and contents. Full rotation (360°) of the container
during the container—closure defect inspection sequenceis
recommended for identifying small container defects such as
cracks or chips”

© Copyright PDA Author Romain Veillon
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If multiple containers are
gualified to be equivalent to the
single-container inspection
method per <790>, they may
be held during the particle
detection sequence using a
tool that holds these containers
for consistent presentation. “
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“Qualification of inspectors
and validation of the
inspection equipment
should be based on
comparison with the
compendial single-container
manual-inspection process
with an expectation that
alternative methods such as
semi-automated inspection
demonstrate equivalent or
better performance”
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Automated Visual
Inspection (AVI)

Semi-Automated Visual

Inspection (SAVI)
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Inspection steps from object presentation to decision

<L o

Color/tim >

Object presentation

Proximity

CONNECTING

PEOPLE © Copyright PDA Author Romain Veillon

SCIENGE~»
REGULATION®




nnnnnnnnnnnnnnnnnnnnnnn

Knowledge
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Attended Stimulus

Figure 1.1: The Perceptual Process
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Chromatic continuity:
We see snow even when color
changes drastically (RGB)
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A crack becomes visible when
the crack is under a certain
angle towards the camera
because light cannot pass the
crack, creating a shade, ¢ and
d.

The thin lines are hardly or not
visible at all, so ¢ and d are not
connected making it two minor
cracks. One can push it but this
will automatically imply that
small scratches are also
rejected.

C and d can be detected
without, but when comparing
human and machine one
compares medium with minor.

The inspector will be attracted
due to the glistering of a and b.
The human brain will, out of
experience, connect a and b
over the thin lines making it a
medium crack
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MVI inter-operator variability increases with smaller defects

QF distribution for Syr. Particle defects
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¢ Min QF for 10 operators

= Max QF for 10 operators

A QF

Poly. (Min QF for 10
operators)

Poly. (Max QF for 10
operators)

Linear (QF)

Key learning:

Particle detection in MVI
is highly probabilistic:
operator variability is
lower with very high QF
>0.70

Operator variability
higher with lower QF
[0.3:0.8]

To compare AVI to MVI
need to be in true defect
zone where inter-
operator variability is
lower
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Establish MVI baseline
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Manual Visual inspection Baseline study (Knapp)

Particle defect

Defecttype S  Defect type

TR ~

n operators

Glass defect

Defecttype B  Defect type

1 standard work MVI Average Probability of
detection (PoD)
for each defect type
Closure defect

Defecttype B  Defect type

Minimum 30 inspection
by sub type

Other ..defect
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Example of standard MVI Baseline evaluation Key learning:
Proposal for methology for
MVI baseline evaluation

Material and Methods

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

* No information given to inspectors = routine inspection

* Nointeractions with inspectors to avoid any interferences

* Changed shift to avoid interactions between inspectors

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

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

+
Al B c D E E G H J ) Conform
units
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Example of standard MVI Baseline evaluation Key learning:
Material and Methods Rl e s
Data reporting: QF = number of ejected / number of inspected performance is key to

succeed AVI validations

Tl s e fs o br s s |
rs Good documentation
1 (2 (3 (4 |5 7 10 practices
KIT DEFEC
T
QF

Kit A Defect #1

#1A
Kit A Defect #...
QF
Kit A Defect #nn #nn
QF
Kit J Defect #1 #1J
Kit J Defect #... e
QF #nn
Kit J Defect #nn
MRZE
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Knapp Digested
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~ Julius Knapp : Deterministic # probabilistic 17

@7 .. ' 4 . o a .
Since the particulate visibility statement in the
X1X Revision of the Pharmacopeia (9) is Key learning:
. e w . . MVI and AVI remain
bascd upon a deterministic human inspectton probabilistic by nature

il is inappropriate and should be discarded.
With both manual and automated systems
regarded as probabulistic, 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.
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model, Uhlir utilized two unrelated one-dimensional

. T . e e " REJECTED BY
In terms of the two-dimensional probabilistic inspection BOTH INSPECTORS

probability distributions: manual and machine. In conse- 5% REJECTS

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

OF INSPECTOR 8

—

Uhlir pioneer work for method comparison: Venn diagram

N
5

18

1000 VIAL

INSPECTION GROUP

5% REJECTS
—{OF INSPECTOR A

! | ology may nq generate the emsmstra Figure | — Venn diagram of two inspector particulate
tion of equivalence that CGMP’s require in the validation inspection demonstrating the expected poradoxiod
of alternative inspection methodologies and devices. resuirs.

Key learning:

Between multiple operators in MVI

there is no contingency, meaning

even if they have similar
performance, they cannot not
detect same defects
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Why Correlogram unit by units does not make sense ?

CORRELATION COEFFICIENT= 851 52 REJECT 20NE REJECTS 7@ RUNS
EANUﬁLI HRZR1= 1 ARZR1= Zo
. »
1
! - Key take Away:
12 233¢

; zx, When J Knapp draw a correlogram
+ x a1 =x 2 5
! .. of between 2 method, each plot is
T T T T f e e e e e . ] xx 1 1
; : . e the number of units in each
1 L] age
i probability class
: .o . That is NOT paired comparison
I . 3
. : . per DEFECT
1 = .
I u . E 3 E ] x
+ 3 n n
I .
= . R The capability of one process relative to the other cannot
1 M . . oz be evaluated until the correlation between the results of both
3 . = . exw . inspections is established. This correlation is based on an
Te33zZszms 2 2w Nl . examination of the inspection history of each container in
Akl et * Troeat each inspection process. Sufficient inspection replications
i T r gz oz ez i o are required toassurestatisicalyreproducible resuls with
MRAGi= .100 MRAGZ= .028 MRAG3= .013  ARAGI= .21Z ARAGZT .138 ARAGI= .113 acceptable tolerance intervals. Since we are dealing with

CORRELAGRAM OF MANUAL WNSPECTION VERSUS probabilistically defined quantities, statistical tools must

PDS/A A":z‘:‘:in :‘S"Ec"n" be used. The basic questions of replicability, relative per-
¥>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 paints from a rejection probability

‘F‘)EF(JJEPT[E ;f 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 d
‘one boundaries for both systems. The * symbols indicate a single container at a point in the plane, a ¥ indicates a number of containers greater i i H

SCIENCE~® 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 © Copyrlg ht P DA AUthor RO main Ve | I |0n p a . O rg

REGULATION® 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 indi an automatic insp
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Classification of defects by « iso-probability subgroup »

1000 VIAL RANDOMLY SELECTED TEST GROUP 1000~ | !
C STANDARD 17 SECOND PACED 4 | !
~ MANUAL INSPECTION _ 3 i I
£s00 . I
300 (&) 1 1
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Figure A2—One-dimensional histogram of a nermal batch showing the
accept Gray and Reject Zones defined by the human based standard

Figure 2—Histogram of probabilicy of detection for a 1000 vial randomly selected test group. The Schering siandard inspection.
17 secand paced manual inspection was employed.
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How to compare 2 distribution of probability?

manual inspection capability. 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™ [ and 11

| | N(O) | N(.1) | N(.2) | N(.3) | N(.4) | N(.5) | N(.6) } N(.7) | N(.8) |[ N(.9)5 (N1.0) |
| | | | | | | [ | |
|‘MANUAL” | 1 [ 1 | 1 1 {1 1 o]or oo Il 1 { 1 5
| | | | | | | | | |
[“SYSTEM” | 2.5 | 1.5 | 1.5 | .5 | ©0 | 0 | 0 | <5 | «5 | 1.5] 2.5]
| | | | | | | | | | i | |
| I &I | | | | i I | 1 l | | |
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RZEM terminology

RZR(M1 1
RZE(MI) = ( )= 1 = 81.7%
RZN 18

(Eq. 4)

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-

spection

ZR(M2 12.2
RZE(M2) = RZR(M2) = =67.7%

RZN 18

RZE = Reject zone efficiency

N=NUMBER OF VIALS IN EACH PROBABILITY GROUP

1000 VIAL RANDOMLY SELECTED TEST GROUP
—
' ACCEPT ZONE

GRAY ZONE REJECT ZONE

20

JQUANTITY OF VIALS
IN EACH
| PROBABILITY GROUP
1===n
'

‘‘‘‘‘

! INSPECTION
]

X x
OUANTITY DFVIALS R I
: REJECTED IN A SINGLE

1

'

I
..._...}

|

I

— RZN = 18

NUMBER OF viaLs

IN REJECT ZONE
=esessss RZR(M1) = 14 7

REJECT ZONE REJECTS

ONE MANUAL INSPECTION

e RIRIM2) = 12.2

REJECT Z0HE REJECTS

FOR TWO SEQUENTIAL

MANUAL INSPECTION

uummm-— VIALS
i REJECTED IN TWO
=t SEQUENTIAL INSPECTIONS

H
8 71 T 8T 39 1.0
nm’cﬂm pnnmum
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Now USP has S|mpl|f|ed

terminology speaking of
PoD Probability of
Detection
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AVI validation approaches
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Comparison AVI to MVI
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Knapp concept of true defect zone

UPerformance of a new method (MVI — SAVI —
AVI) must be compared to MVI Baseline PoD
established with standard work conditions

<]
&
<)
1

i}
o
(=]

GRAY | REJECT

ACCEPT
ZONE ZONE ZONE

LOnly defects in the true defect zone are
retained, when PoD is above 70%

=]
s}
maay

LQComparison is not a paired comparison
defect by defect but rather based on average
comparison for a defect family (number of
vials in each probability group)

N- NUMBER OF VIALS IN EACH PROBABILITY GROUP-
2
T

1
!
i
i
s
!
I

|
I

1 1
0T T 2T s aTsT e 77 87 oNp
P{MI REJECTION PROBABILITY
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True Defect Zone concept (USP<1790> Knapp)

MVI Baseline performance study by defect family MVI Baseline performance study by defect family
With only true defect zone (Pod>0,7)
4 ; . 4 , Average PoD
o + : 4)» o 4} MVI
c ® e Defect 2 c ®
e . | S .
24 RS ESRaA SS
L e L o
[} (&)
O w» A w»
B < 4 S < o .
g - +J'\ 8 - Critical Design
[a R o
) ) Element:
Y I O O O O O IO > . Recent FDA guidance on
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 particle insist that when
Operators identification in MVI Operators identification in MVI partiCIe are below 70%,
the MVI st Work should
be challenged rather
than just not considering
the units
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Comparison AVI to MVI

MVI Baseline performance study by defect family
With only true defect zone (Pod>0,7)

. A MVI Average

. + -7 PoD

Prob of Detection
5

° >

1 2 3 4 5 6 7 8 9 10

Operators identification in MVI

Prob of Detection

“The capability of one process relative to the other cannot be evaluated until a
correlation between the results of both inspections is established. This correlation is
based on an examination of the inspection history of each container in each inspection
process. Sufficient inspection replications are required to assure statistically
reproducible results with acceptable tolerance intervals. Since we are dealing with
probabilistically defined quantities, statistical tools must be used.” J. Knapp

AVI Defect detection performance evaluation
over 10 machine run

AVI average PoD is

compared to MVI
baseline

AVI Machine test run n°
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Some Parameters for PQ Design
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Why it is critical to control false reject?

¢ MVI Threshold

1000

L@, V! Teshole A minimum validity

100

=) | | |
= g | : | 3 I criteria of false reject
9 S — | | S I must be established
il | l ] |
cC o ' | ) & |
23 | | oAV 1
o | | 1

O =& g [ | ) |
s o 7 | | E MV ]
Q0 "? i — i i Defect I |
E = i i i units |
= | —— : Ly
Z o | ! .

o ! - i

S | | - . ‘ i

9

False negative

1.0 risk Beta

Detection rate class -»
Sensivity
=> Comparison of 2 distributions of number
of unit having same detection rate
(P%tPTE © Copyright PDA Author Romain Veillon pda.org
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Going deeper with a statistical p value to compare AVI vs MVI
ADRVvs. Q P
1 L . 7 Key learning:
: 7/ Particle detection in AVI has a higher ADR and
7/ is less probabilistic than MVI
7/ . Specially in range of QF > 0.70

).9

V4 In range with Lower QF

18 V4 c ADR is higher than MVI but more
/ heterogeneity between particles

/7 (floating/precipitating)

/ Knapp demonstrated that Validation
/ ) comparison AVI to MVI should be done in True
2 : : Defect Zone using “gross defects”

7/ Some individual defect may be lower in
M /7 : ’ detection on some run, the average probability
7 of defect for a defect type (ie particle) must be
/7 ) considered rather than individual paired
7z ' comparison defect by defect.

Automated VI Detection rate

0.11 026 041 043 0.61 062 067 071 074 089 0.96 1

CONNECTING i
PEOPLE Manual Detection rate pda.org
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“The availability of an adequate number of vials in each )
rejection probability set will be seen to be a prerequisite for Key learning: At least
successful validation experiments.” J.Knapp 3 replicates per

defect type should be
considered for
validation

because variability of
defect + defect
presentation
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Impact of number of validation run

Sample size: practical impact in test run design

With Detection rate limit 100%

Confidence interval around a percentage of detection vs. Inspection result number
Vertical lines denote 95% confidence interval

H 7 T R 3

100

|
|
i
+

Percentage of detsction (%)

T T T T T T T T
0 50 100 160 200 250 200 350 400 450 500
COUNT

With hypothesis of binomial distributions
With 50 runs in validation the confidence
interval at 95% is: [92.9% ; 100% ]

Parcantage of detection ()

With Detection rate limit 96%

Confidence interval around a p ge of d. fon vs. inspection number result
Vertical lines denote 95% confidence interval

-t

e
ey

With hypothesis of binomial distributions
With 50 runs in validation the confidence

interval at 95% is: [83.6% ; 99.5%]

33

Key learning: even
in case of non

probabilistic
detection rate

criteria, the result
remains in a Conf.
Int. that depends of
number of
validation runs

© Copyright PDA Author Romain Veillon
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Design space

Daily kits

Validation kits

Development kits

-Machine vision is designed with
minimum threshold, may be
compared to high jump.

-Machine vision is designed to
detect defects that are outside the
design space to anticipate some
new defects (unknown)

- With artificial image library we can
demonstrate capability of unknown
detection (l.e extrinsic) lexample = Fake image!

CONNECTING

PEOPLE © Copyright PDA Author Romain Veillon pda_org

SCIENGE~»
REGULATION®




CONNECTING © Copyright PDA Author Romain Veillon
PEOPLE P pda.org

SCIENCE~»
REGULATION




	Folie 1
	Folie 2
	Folie 3: « The reference method described in this chapter and in <790>        is a manual inspection of a single container for particulate matter “
	Folie 4: USP<1790> final draft for 2022
	Folie 5: “If multiple containers are qualified to be equivalent to the single-container inspection method per <790>, they may be held during the particle detection sequence using a tool that holds these containers for consistent presentation. “
	Folie 6: SAVI / AVI in USP<1790>
	Folie 7: Some method comparison but MVI is the golden standard
	Folie 8: Inspection steps from object presentation to decision 
	Folie 9: Example of MVI interpretation with color continuity : SNOW can be blue ? 
	Folie 10: Example of MVI interpretation of a crack versus machine
	Folie 11: MVI inter-operator variability increases with smaller defects
	Folie 12
	Folie 13: Manual Visual inspection Baseline study (Knapp)
	Folie 14: Example of standard MVI Baseline evaluation 
	Folie 15: Example of standard MVI Baseline evaluation 
	Folie 16
	Folie 17: Julius Knapp : Deterministic ≠ probabilistic 
	Folie 18: Uhlir pioneer work for method comparison: Venn diagram 
	Folie 19: Why Correlogram unit by units does not make sense ? 
	Folie 20: Classification of defects by « iso-probability subgroup » 
	Folie 21: How to compare 2 distribution of probability?
	Folie 22: RZEM terminology 
	Folie 23
	Folie 24
	Folie 25
	Folie 26: Knapp concept of true defect zone 
	Folie 27: True Defect Zone concept (USP<1790> Knapp) 
	Folie 28: Comparison AVI to MVI
	Folie 29
	Folie 30: Why it is critical to control false reject?
	Folie 31: Going deeper with a statistical p value to compare AVI vs MVI 
	Folie 32: Replicate
	Folie 33: Impact of number of validation run
	Folie 34: Ability for unknown defects
	Folie 35

