PCT/US2012/052914

WO 2013/033253

1/54

‘*\

i
i
1
i




WO 2013/033253

2/54

PCT/US2012/052914

160

FIG. 1B



PCT/US2012/052914

WO 2013/033253

3/54

Il Ol




WO 2013/033253

4 /54

PCT/US2012/052914

S
¥

5. Record video &
remove static

3

Detect ROI

7. Size, count and

characterize

FIG. 2A

o

3

R




WO 2013/033253

5/54

PCT/US2012/052914

=

——
=
3




WO 2013/033253

L
-

6 /54

PCT/US2012/052914

o
-
o

L

FIG. 4



WO 2013/033253 PCT/US2012/052914

7154

— \VENISCUS

CONTAINER WALL

RO .. . CORDED AREA

M CONTAINER BASE

FIG. 5A
16
N
. 14
- {E | 2 10
- (
14 18




WO 2013/033253 PCT/US2012/052914

8/ 54
14
= 2 \
- : /
10 e 10 M
FIG. 5C
14
= i \
- ; /
10 / 14
18 116 10

FIG. 5D



PCT/US2012/052914

WO 2013/033253

9/54

sjoxid
06 Sz 02 Sl O S

0¢c S¢ 0 SL O §

mzﬁcmwo%uaa ,,,,,, |
paly ||pWS :aiaydsg wrlpol

sjxid

sjexid

0¢

1§ OI4
{wiw) uotsod y

Gl Ol § 0 §-

OL- G-

0¢-

H

i i !

o

X

o

e

ot

¢0S

Ol

0¢-

isod 7

ks

(W) Uo



WO 2013/033253 PCT/US2012/052914
10/ 54

THEORETICAL EXPERIMENTAL

4

20

15

10r

1.33)

O
T

,5.~

Water (n

-10

i

154

O i i L L i Il
20 <15 <10 -5 0 5 10 15 20

20

Y

15

L

10

¥

50Brix sucrose
solution (n=1.42)
[ (@3]

¢
L
¥

i
il
(]

¥

'

Jo—,

Ly
T

Ly

0 15 10 5 0 5 10 15 20

FIG. 5F




WO 2013/033253 PCT/US2012/052914
11/ 54

Second
optical surface

>Corrective lens

S

First optical
surface

- Container wall



WO 2013/033253 PCT/US2012/052914
12/ 54

503

FIG. 5H



WO 2013/033253 PCT/US2012/052914
13/ 54

v
FIG. 51




WO 2013/033253 PCT/US2012/052914
14/ 54

Y
FIG. 6A

1102



WO 2013/033253

1104

15/ 54

1120

1102

PCT/US2012/052914

e i

FIG. 6B



WO 2013/033253 PCT/US2012/052914

16 / 54
1222~ g
—
(S
i I UIN = J }
. —
1202 FIG. 6C
| 1224

, 114
32<2 ﬁ )
g ] ;

202 F1G. 6D

—
[ [1
PO00G




PCT/US2012/052914

V., Ol
A

0L s

.
H
.
. y
M !
. b

=
[,
I

17/ 54

WO 2013/033253

JdITIOYLNOD o —{Z0LL

T I157Nd =
TUU U Tm:@qz d3001al 1

|

o
o)

4
: :
e e * m
L m "
— ¥ '
T T === m
SR ?%Z _ i
L y
~ ¥

1

L




PCT/US2012/052914

WO 2013/033253

18/ 54

p N
om/;
] e = |
| 0ztal |
. JWIL 0z w
TV VU0 S o awzy |
o -1 ¥IN0IINOD | WAV & m
AT voroNmn il -
S L Wav
T ] twa
........... T RATEY ( )
o€l
. 7



PCT/US2012/052914

WO 2013/033253

19/ 54

8 Ol
- A
N 144! e
9¢l
g
i w'&/g ﬁ pcal
1 @ ............. rﬂw
4 o O]
.................. (I
— = N
jzel m,c&l oeal el oL
0c¢l




WO 2013/033253 PCT/US2012/052914

20/ 54
?G
i & Ty
— I - y
=
2]
10
J
~
FIG. 9A
110
y J
}O ' I } 5 ouduuug
- - i
=
(]
122¢ ‘ _
N J
Y
FIG. 9B
110
1221
o == ﬁ T H
10
N\ J

.
FIG. 9C



PCT/US2012/052914

WO 2013/033253

21/54

|| | | € IHOT1

1] | | | | Z 1HOT
| | | | | [~ LHOTT

LT L L L L veaws

9C¢l

£ WV

L JWVA



WO 2013/033253

22 /54

FIG. 10A

122A

1

PCT/US2012/052914

1000

10

10000

[+]

pr—

FIG. 10C



WO 2013/033253 PCT/US2012/052914
23 /54

X position (mm)
FIG. 10D
20 i s
199—21

Z position {mm)
<O wn

~10

s
O

\:E‘\

20 b _
20 -15 -10 -5
X position (mm}

FIG. 10E



00000000000000000000000000000
24/ 54




WO 2013/033253 PCT/US2012/052914
25/ 54

Lamellae MIP

100 L
200

w
(-
O

!

e Axis
AN
<
(@]

500
600
700 -4
800

900 i

500 1000 1500 2000 2500 3000
Vial Lateral Axis

FIG. 13A

Vial Verticl

Protein (HSA) MIP

100
200
9 300
2
o 400
9
5 500
>
5 600
700
800
900

500 7000 1500 2000 2500 3000
Vial Lateral Axis

FIG. 13B



PCT/US2012/052914

WO 2013/033253

26/ 54

uolpisuab piop
Irel spipnd
Juspuadap-awli|

Uol1pZua}o0nInYyd eGel
2 Buiy pual] ¢

i

|

uoynIsuab joid
[D21SIDIS
Juspuadap-aul|

|

E@E@Cz@;
Uswsinspaul
aIIDd

SIsAjouy |polSHDIS

N
05¢l

\J

|

Uol}281102
lo4a buppoa|

4

SISA|puD
2INID3} DIIDIS

A

\/k/

bud.} oAlDIPaId

&

4% paads ybIH
\
¢S¢el
bupoly
crel UDIDW {Seinau
paads Mo1
\
L5€l _
lpel— IPSionsl mc;mc(:v

BuiyonI} 9)dIDY

/
orel

Pl Ol

uolnIsuab
podal Jaipng

} Ovel

09¢l

”

mzcco

mczuox =Th) t@ h
05l DOUSIDIS

Buipjoysaiyy £zl EmEQ:momE Otel
Alisuaiur Q) co (Jod1Iuap!
I JIDba gz
i
Bupiayy ceel
Juoissasddns buisseroid-aid
9siou abow abowy AN
| F

[pAOWBY

Leel OLel
91n}09} IIDIS v\ @ogmmacuo abouwg

buisseroid-aid
abow

\
0ctl

UOIDDIJIIUBPUT PUD
uol8aq aILDg

00¢1



PCT/US2012/052914

WO 2013/033253

27/ 54

a5l 9I4

VGl 9Ol




WO 2013/033253 PCT/US2012/052914
28/ 54

| 8-bit timage
| 256 “levels”
. (0-255]

FIC.

.| 8-biti image
| 256 “levels”
(0-255]

FIC. 16B

8-bit i image
L 256 “levels”
(0-255)

8-bitimage
| 256 “levels”
. [0-255)

0
FIG. 16D



WO 2013/033253 PCT/US2012/052914
29/ 54

Frame i Frame j+1

FIG. 17A

Frame j+1

N, : V “‘#

IG. 17C

FI1G. 17D



WO 2013/033253

30/ 54

PCT/US2012/052914

16, 18A




WO 2013/033253 PCT/US2012/052914
31/54

o \\\“\\\\\.‘“\\\\\\\ S \\
@,

o \\\\m\\\\\\m\\\\\

&




WO 2013/033253 PCT/US2012/052914
32 /54

Y

»

N .
R

FIG. 20A

[1G. 208 FIG. 20C  FIG. 20D FIG. 20E



WO 2013/033253 PCT/US2012/052914
33/54

FIG. 21A

FIG. 21B



WO 2013/033253 PCT/US2012/052914
34 /54

FIGC. 228



PCT/US2012/052914

WO 2013/033253

35/ 54

FIG. 23A

290s 250s 280s 300s

20.0s

130s  140s 160s  18.0s

12.35s

FIG. 23B



WO 2013/033253 PCT/US2012/052914
36/ 54

ARSI RIS LN,

b bt bt AL s g

e e R et A,

FIG. 23




WO 2013/033253 PCT/US2012/052914

37 /54

RN
I

N s
.. - NSNS,
NN e

it

Y
NN N

NN TS

X e
Rk

. . SONRNNNNY
NN - B
SRR BN

e NN
NN e
O S ki

e
SOORNNNNRNNNRRNR L
SRR

1G. 24B



WO 2013/033253 PCT/US2012/052914
38 /54

= =
== -

FIG. 25A FIG. 25B

FIG. 25C  FIG. 25D FIG. 25E

Particle size (Feret diameter] against time

200

1501

100

50+

Particle Size (microns)

0 50 100 150 200
Frame number

FIG. 25F




WO 2013/033253 PCT/US2012/052914
39/54

SRR
R o

R
= ‘\"N\\\

) ordered0sp0.ixt - B8 X
4 A B C D E F G H I J K -]
1 | x position| y position | Partice ID|Status| Frame| Areal Angle| Speed| Elongation| Orientation) Max Feret|[=]
2| 397.333 45 3131 11 44 6 155 5918 25 170.662 5385/
3] 40325 4375 3131 0 45 8] 1595 5127 1.667 17272 5385
4 | 408.375 45 3131 0 46 8] 1553 6.472 2 162.641 6.708
51 414846) 4385 313 0, 470 13 1578 6154 2.333 171.255 7.28
b 4211 4429 3131 0 48] 14 1547] 5078 1.75 171.359 7.07
/| 426077) 4308 313 0 497 26| 1603 48] 2 172,611 8544
8| 430885 4467 3131 0 50| 26] 1508 5054 2.25 2.76 9.22
91 435929 4143 3131 0 511 28] 1602 5107 2.5 174796, 10198
101 441033 43 3131 0 52) 30| 1499 4567 2.5 173.983 10.44
111 445588 3.971 3131 0] 53] 34 1583 4765 i 173914 10198
121 450353 4029 3131 0 54 34 1507, 4485 2 172.375,  10.198
131 454829 3.743 3131 0 55| 35 1586 4386 ? 171.028 10777
'« <> »| ordered0sp0 /¥ 4] i F b




WO 2013/033253 PCT/US2012/052914
40/ 54

&
»
o
»
®
x®
*
®
=
*

L2 s“” REKB SNBSS RBR AR S

G 274 FIG.27B  FIG. 27C

*
*
®
*
®
®
*
*
*»
*
x
*
*
*
¥
*
&
=
*
*
¥
»
*
®
&
®
&
¥
3

PR

*
:
R B R
»
*
*
e

FIG. 27D FIG. 27E



41/ 54

\ X \\\\\\\\\\. \\\\\

N i“f',.\\\\“\:\:\x\\\\'\\\:\,\s‘ . s NN
) X
N

et : \\ R

L
Ry R Y §:&\\ TR \
\




WO 2013/033253 PCT/US2012/052914
42/ 54

BEFORE

AFTER

FIG. 29C

"FULL VIAL

EMPTY VIAL

G. 29D



WO 2013/033253

PCT/US2012/052914

43/ 54

50
s
) i i
1/0 DEVICES CENTRAL NETWORK
INTERFACE PROCESSOR UNIT INTERFACE
SYSTEM BUS \
79

90" MEMORY DISK STORAGE ~ [™95
92~ ROUTINE OS PROGRAM | |—92
94 —1 ~94

FIG. 30




WO 2013/033253 PCT/US2012/052914
44 | 54

FIG. 31A

Threshold

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

0 25 SO 75 100 125 150 TSO 200 225 255

FIG. 31B

Threshold

Hoa

'”25 o0 75 100 195 éso a0 200 235 255

FIC. 31C

Threshold

0
FIG. 31D



WO 2013/033253 PCT/US2012/052914
45/ 54

100 MicronStandards. Area Histogram
3000 i 1 i i 1

2500 .

2000 .

¥

1500 B

Counts

I

1000 - -

500 7

0 mhnf"ﬁ”-
0 50 100 150 200 250 300
Feature area on detector

FIG. 32




WO 2013/033253 PCT/US2012/052914
46/ 54

Overlapping Area Detection: Two Size Standards

1 H H H

¥

woved
o
i

p— r— po——"1
N O
T Y T

Percentage Detection
o

N O ™
T

T R

o <=7

50 100 150 200 250 300 350 400
Area

FIG. 33

Poly Size Standards

OO

4 H i

0.1 ‘ ,

T

0.35 -

T

o

<O
i

0.25

Counts
[a»]
[

0.15

0.1

0.05

Area [pixels)

FIG. 34



WO 2013/033253

Counts

Counts

Counts

PCT/US2012/052914
47 | 54
20 e
181 — Experimental Sample|]
161 --= Algorithm Fit
14t Particle Counts:
15-20um:2
12} 20-30pm:8
10t 30-75um:8
gt 75-120pum:8
>120um:8
é L
3' L
2 L
0076 20 30 40 50 60 70 80 90 100
Areaq, Pixels
20 R S S s s s s
18t — Experimental Sample|]
161 --- Algorithm Fit
14t Particle Counts:
15-20um:2
12y 20-30um:19
101 30-75um:19
st 75-120um:15
>120pm:19
6 .
4 -
2 -
0
Areq, Pixels
20 S S s, s, s S A—
18} — Experimental Sample|]
16 --- Algorithm Fit
14t Particle Counts:
15-20pm:2
12y 20-30pm:64
10 30-75um:31
8 75-120um:15
>120pm:33
6
4 .
2 J e
0

0 76 20 30 40 50 60 70 80 90 100
Areq, Pixels

FIG. 35



WO 2013/033253 PCT/US2012/052914
48 / 54

Triplicate runs, 100um

C_JLENS
100 {‘ = RawBinning

80
= 60 i
= B
3 ol
3 :

4

20

<20um  20-35um  35-75um  75-125um 125-170um 170-250um  >250um

FIG. 36

4 N
Record image sequence |~_
\ J™>-3701
e + ™
Filter/threshold image | -3702
(segmentation) |
Y
7 ™\
Sort particles by size
. P Y 3703

<threshold | >threshold
1 Y
Particle 3704
3705 LENS fracking
% ]

Data output/report
generation 3706

FIG. 37




PCT/US2012/052914

WO 2013/033253

49/ 54

V8¢t 9Ol
A

00t

oLl




WO 2013/033253 PCT/US2012/052914

50/ 54
110
&mﬁ} @‘O
110
N J
Y
FIG. 38B

o
FIG. 38C



WO 2013/033253 PCT/US2012/052914
51/54

o
™
—i
L
o
o™~
Ko}
—
2
€
7 E
o
o 2
."{.h‘“;
Q
o
>
wy
1
1 i i i

J‘O L
15+
20
209

L i
jo) Ly o Wy o Y
[a — i

(wiw uotsod 7




WO 2013/033253 PCT/US2012/052914

52 /54
100
80%
Ow
100 é
{}.«

Blank ' 15pm  25um  50pm  100um  140um  200um
Detection

FIG 4] Visible

o
O
|

ey
O
i

Detection Percentage (%)

D
O

' 200um
APT

FIG 40 Human

(o]
[ew]
}

(e
(ew]
)

£
<
i

Detection Percentage (%)

Y
Lo
L




PCT/US2012/052914

WO 2013/033253

53/ 54

RA2

0.995

0.993

0.995

0.957

0.985

ze (um)

15

50

100

140

FIC. 42

200

450
400

15-20pum  20-30pm  30-75um  75-120pm  >120pm

FIG. 43



PCT/US2012/052914

WO 2013/033253

54 / 54

APT

Certified
Inspector

Accuracy Self
Agreement
FIG. 44

Self
Agreement

Accuracy

22

1

10

4503

I

122

4504

FIG. 45



