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Sample LFDA Diagnostic Output

» Test with high S/N (~271) indicating strong negative for DOA

» RSA is the relative signal amplitude

with respect to the on-strip reference  ,,, LFDA RESPONSE FUNCTION
line : : : = N
N I I [0’ =
« The expected value of purity (i.e. 20 271 | | = =
<PUR>) is a function of S/N, while Z 500 - ! ! g E=
the measured value is formally @ i i E 5
independent of S/N 2 150 ! : E’ T 2 -1
o] | | o 0O
» 0% < PUR < 100% 2 00 | | ? -
o | 1 [n'd =
- tPUR = (PUR - <PUR>)/0pyq | | rg g .
50 ! ! = o
* PUR = ~96.1% | . | -g
. <PUR> = 99.3% ” 05 0 05 :
.« tPUR = -1.59 (“sigma”) Test Region Sweep
« The horizontal structure function Filename: 50_05_01.jpg (Mode: on_strip_ref)
(HSF) is a metric which looks at
variation across the width of the test METRIC CTRL TEST1
line Confidence - 100.00%
* tHSF = (HSF- <HSF>)/0}¢ SNR 834.39 271.43
« While tHSF is ~6 sigma, anomaly RSA - 57.04% £1.75
over-ride in effect [o] because of PUR -- 96.08% <99.31%>
high PUR value tPUR - -1.59
HSF - 11.51 <4.91>
tHSF - 6.27 [o]
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Sample LFDA Diagnostic Output

* Test with low S/N (~6) indicating a strong positive for DOA

* RSA = ~9%, but with the low S/N

has a large uncertainty of ~4. 6 'TFDA RESPONSE FUNCT'O'I“
- Note tPUR indicate PUR is within 0.78 16 | | S o
sigma of expected value ! | pot E
— | 1 [O) =
- Note tHSF indicates HSF is within Sar | | g 5
1.25 sigma of expected value 3 | | 5 3
I < i}
« Together, tPUR and tHSF indicate no g | | s o !
anomaly in test 22f i i % :;'
| 1 —
th | | 5 e +1
: : 5
0 | |
-1 -0.5 0 0.5 1
Test Region Sweep
Filename: 50_02_03.jpg (Mode: on_strip_ref)
METRIC CTRL TEST1
Confidence - 37.65%
SNR 693.53 5.74
RSA . 9.10% +4.26
PUR = 60.26% <70.34%>
tPUR -- -0.78
HSF - 3.53 <4.76>
tHSF - -1.25
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Dealing with Anomalies

 Insertion of anomaly onto strip image
— Middle panel: technician will notice anomalous spot, but still call test a strong DOA positive
— Right panel: technician may/may not notice that the response is the wrong color

Original ROl  Spatial Anomaly Color Anomaly

20 20 20

40 40 40
60 60 60
80 80 80
100 100
120 120
140 140
160 160
180 180

200 200

220 220
20 40 20 40 20 40

Page 6



CBbe”

Dealing with Anomalies

 Standard line profile analysis = strong response for both types of anomalies
— =>» DOA negative =» False negative

195 x10* Comparison of Line Profiles

1.9 i
—~ 1.85 i
Z
o
n
S
w© 1.75 4
>
g 1.7 i
o
D 1.65 i
©
8
> 1.6 ]
o
= 1.55 i

s Original
1.5 — Spatial Anomaly | |
Color Anomaly
1.45 L ! 1 1
0 50 100 150 200 250

Position along strip (pixels)
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Dealing with Anomalies: Spatial

» LFDA analysis indicates ZERO confidence in spite of high S/N ratio (~116)

LFDA RESPONSE FUNCTION

+ At face value the high S/N indicates 120 | | ~
DOA negative response, while a 116 ! ! Q -
visual examination suggests a DOA 1007 | | boy £
positive response % g0l i i E §
C
» However, LFDA indicates that the @ | i = 8
assay is ANOMALOUS and reports c 0 | | c <
zero confidence in results in spite of @ | : =) L
. Q 40 o} -
high S/N: 2 | l “(_‘U 3
| | —
« Large value of HSF metric i.e. 20 i i j§: e
tHSF ~ 30 sigma 0 ! ! o
« Low value of PUR wrt <PUR> i 0.5 0 0:5 L
i.e. tPUR ~ -18 sigma Test Region Sweep
Filename: 50_02_03x.jpg (Mode: on_strip_ref)
METRIC CTRL TEST1
Confidence -
SNR 693.09 115.56
RSA - 40.83% + 20.38
tPUR - 2K
HoF - C sareare
tHSF - S 298610
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Dealing with Anomalies: Color

* LFDA analysis indicates ZERO confidence result in spite of modest S/N ratio

» Extremely low PUR value (~1.4%
when expected value at S/N~9 is
~80.5%) indicates signal does not
“"look” like the reference at all

» HSF indicates a modest anomaly as
well, with tHSF ~ 7.6 sigma

Response (S/N)

10

[ee]
T

()]
T

H
T

LFDA RESPONSE FUNCTION

I T I —
I i | =
9 i i A 2
: : g 5
: ; : g S
| ! ! - Q
: ; : 5 <
| | | S o
: : : 2 5
: : o B
| | £ o
I I =) nd
| | 5
-1 -0.5 0 0.5 1
Test Region Sweep
Filename: 50_02_03y.jpg (Mode: on_strip_ref)

METRIC CTRL TEST1
Confidence - S 000%
SNR 696.11 9.27
RSA - 11.54% + 587.61
PUR -
tPUR --

HSF -
tHSF -
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LFDA Anomaly Detection: PUR vs SNR

e LFDA results from a customer demonstration study with 1610 test strips
— Blue circles — metric values for “normal” test results

= Cyan line — <PUR> as a function of S/N

— Red circles — HSF anomalies : . PUR vs SIN .

— Solid black dots — PUR anomalies N F 000 T |
0.8 ]
0.7 .

0.6 -

PUR Metric
o
()]

04r .
0.3 J
021 O Valid Tests |
® PUR Anomalies
01k O HSF Anomalies |
' — = PUR 90% Threshold
<PUR>
0 0 L) 1 1 L 1 1
-2 -1 0 1 2 3 4 5
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LFDA Anomaly Detection: HSF Metric

» LFDA results from a customer demonstration study with 1610 test strips

— Distribution of HSF T-Statistic
= Expectation is that this should be zero mean for a zero S/N test line (i.e. pure noise) test case, and the

positive non-zero mean is due to the presence of test lines with finite S/N and imperfect horizontal

uniformity

# of Occurrences
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120 |

_
o
o
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o
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20 [

HSF T-Statistic Distribution

HSF T-Statistic
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Control Negative: On-chip Reference

* High S/N negative control with RSA signal level = ~50% of on-chip ref

LFDA RESPONSE FUNCTION

+ LFDA measured metrics and 350 g
expected values consistent 20l 312 i
2 250
2]
200

ROI w/ LFDA Conditioning

Original Region of Interest (ROI)

-1 0.5 0 0.5 1
Test Region Sweep

Filename: control neg.png (Mode: on_strip_ref)

METRIC CTRL TEST1
Confidence - 100.00%
SNR 1196.01 312.20
RSA -- 51.09% + 1.09
PUR == 97.36% <99.36%>
tPUR - -0.99
HSF -- 6.45 <8.74>
tHSF - -0.78
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Control Negative: Self-Reference Template

« Demonstration of RSA & PUR self-consistency using test strip itself as a reference

template 450 LFDA RESPONSE FUNCTION
+ Inthe tem|_3late mode, statistics for w320
the control line are computed as well
as for the test line =250 |
A

Original Region of Interest (ROI)
ROI w/ LFDA Conditioning

i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i

-1 -0.5 0 0.5 1
Test Region Sweep

Filename: control neg.png (Mode: template_ref)

METRIC CTRL TEST1
Confidence 100.00% 100.00%
SNR 1199.72 320.49
RSA 100.15% £ 0.69 100.26% + 0.89
PUR 100.00% <99.83%> 100.00% <99.38%>
tPUR 0.08 0.31
HSF 11.20 <8.74> 6.45 <8.74>
tHSF 0.84 -0.78
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Non-Anomaly Sample Outliers — QC

Using LFDA as an automated detection algorithm provides a rapid method to obtain
statistically significant assessment of QC from large sample studies

— The table below shows a summary of LFDA results from ODI's small sample DOA

demonstration study

= Data sorted by RSA

= Note the clear separation by
concentration ... except ...

. anomaly?

A
FILE
3_2017-07-03-131836-0000.png
3_2017-07-03-131938-0000.png
1_2017-07-03-131648-0000.png
3_2017-07-03-132049-0000.png

2_2017-07-03-131737-0000,prg
1_2017-07-03-140529-0090.png
1_2017-07-03-14072840000.png
1_2017-07-03-140657-0000.png
2017-07-03- 1.35113 0000.png

W o N B WN -

[y
o

12 |2
13 |2_ r 03-135219- OOOO.png
14 _2047-07- 25023-0000.png
15 4,2017-07-03-13293%0000.png
1,6"2_2017-07-03-135316-00 ong
“17 |1_2017-07-03-140436-0000.pr2
18 2_2017-07-03-132737-0000.png
19 1_2017-07-03-132646-0000.png
20 |5_2017-07-03-133042-0000.png
21 |3_2017-07-03-132836-0000.png

1_2017-07-03-140414-0000. pn%(

J

43.6
-0.3

0.9

6.7

6.2

0.0
-0.1

3.5

0.3
-0.4
-0.5
-0.1
-0.9
-0.3
-1.1
-0.5
-0.9
-0.7
-0.3
-0.7

B C D E|Fle| H |1
CON DOA CONFIDENCE SNR RSA PUR PUR_T HSF HSF T
-50 BZO 100.0 66.2 12.2 93.2  -1.6 39.2
-50 BZO 100.0 50.7 10.3 95.3 -0.3 4.4
-50 BZO 100.0 50.0 10.3 91.8 -1.7 5.3
_ 50820 100.0 42.1 9.3 92.7 -0.9 10.0
2582073  100.0 282 7.0 925 -0.2 95
“30820 100.0 19.6 6.9 889 -0.3 4.6
-25 BZO 100.0 18.7 5.9 89.3 -0.1 4.6
-25 BZO 100.0 15.9 5.2 82.3 -1.0 7.4
25 BZO 96.1 9.0 45759 -0.5 4.9
25 BZO 97.7 9.1 41773 -0.4 44
25 BZO 99.1 8.8 4.183.6 04 42
25 BZO 98.2 85 3.9 786 0.0 4.6
25 BZO 96.0 88 3.8759 -04 4.0
50 BZO 86.0 7.3 3.4 718 -04 4.4
25 BZO 56.3 5.6 3.3 647 -04 3.8
38.7 4.8 3.1608 -03 4.2
50 BZO 743 47 29698 0.3 3.9
50 BZO 321 3.6 27600 02 4.1
50 BZO 0.0 3.0 24414 -04 44
50 BZO 00 1.8 19378 0.3 4.1
OPI /THC . ¥J

M4« » M| AMP | BZO ~COC . mAMP

0K
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Non-Anomaly Sample Outliers — QC

* Comparison for BZO outlier

— S/N good
) ) LFDA RESPONSE FUNCTION
— PUR very high and consistent 30 | ! | —
@)
with <PUR> sl 28 i 4 2
| + c
— HSF elevated wrt <HSF> = | | S [CIRL S
< 20 | " 9 o
= (Close examination yields horizontal e | | = 5
o . B 45l | | s O
asymmetry in line response whichis ¢ 1° | | c < »
detected by HSF § 10k : : E’ T1 5
Y | | =~
= tHSF overridden because of high PUR | | o ;
I I £
— RSA of 7% above cutoff indicating | | -g o +
| |
expected response o _0'5 . 0'5 y
Test Region Sweep
Filename: 1_2017-07-03-140414-0000.png (Mode: on_strip_ref)
METRIC CTRL TEST1
Confidence - 100.00%
SNR 5782.16 28.22
RSA . 6.99% +0.42
PUR = 92.54% <93.20%>
tPUR = -0.17
HSF - 9.52 <4.65>
tHSF - 6.16 [0]
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Non-Anomaly Sample Outliers — QC

* BZO outlier
— RSA of 3% below cutoff = anomaly?
_ LFDA RESPONSE FUNCTION
— All LFDA metrics good 5 T ; T ~
i l o)
. 5 5 ! 3 2
 Strip/drug sample QC: 24 | : 7 5
| | - =
— Blink with previous chart @ 4| | | £ g
. . o | ' 5 o
— Notice clear absence of line £ | i c < 1
. . Q2r [ I IS (R
— LFDA correctly identified 3 | | g ~
id | I 0_: 2
low signal for this test! d | | £ ] B
i l o
0 | |
-1 -0.5 0 0.5 1
Test Region Sweep
Filename: 1_2017-07-03-140436-0000.png (Mode: on_strip_ref)
METRIC CTRL TEST1
Confidence -- 38.71%
SNR 4910.66 4.81
RSA . 3.13% +1.43
PUR == 60.85% <65.58%>
tPUR -- -0.32
HSF - 4.24 <4.65>
tHSF - -0.52
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LFDA Background Conditioning

» The following charts show some results illustrating the effectiveness of the LFDA
background conditioning process
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LFDA Background Conditioning

Response (S/N)

2]

H

N

LFDA RESPONSE FUNCTION

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

Original Region of Interest (ROI)

aN
-0.5 0 0.5 1
Test Region Sweep

Filename: dev01_con11_rep03.raw

METRIC CTRL
Confidence 100.00%
SNR 1665.12
RSA 80.26% £1.79
PUR 97.00% <99.88%>
tPUR -1.44
HSF 12.16 <3.26>
tHSF 21.53 [o]

ROI w/ LFDA Conditioning

TEST1

92.49%

6.32

1.64% £ 0.39
75.17% <72.70%>
0.20

3.31 <3.26>

0.12
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LFDA Background Conditioning

Response (S/N)
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LFDA RESPONSE FUNCTION

22
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i
i
i

|
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

Original Region of Interest (ROI)

-0.5

0
Test Region Sweep

Filename: dev01_con20_rep03.raw

Confidence
SNR

RSA

PUR

tPUR

HSF

tHSF

METRIC

0.5 1

CTRL

100.00%
783.38

59.62% + 1.36
96.99% <99.75%>
-1.38

45,68 <3.26>
102.58 [0]

ROI w/ LFDA Conditioning

TEST1

100.00%

22.16

3.33% +£0.22
92.00% <91.37%>
0.14

3.48 <3.26>

0.53
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LFDA Background Conditioning

)

SN

Response (
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o
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o

o

Y

LFDA RESPONSE FUNCTION

Original Region of Interest (ROI)

-0.5

Test Region Sweep

Filename: dev01_con21_rep01.raw

Confidence
SNR

RSA

PUR

tPUR

HSF

tHSF

METRIC

0.5 1

CTRL

100.00%
1884.09

83.02% +1.21
98.10% <99.89%>
-0.89

50.28 <3.21>
116.98 [0]

ROI w/ LFDA Conditioning

TEST1

100.00%
97.05
477% +£0.14
96.68% <96.59%>
0.04

3.22 <3.21>

0.01
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LFDA Background Conditioning

Response (S/N)

200

150

100

)]
o

168

T

LFDA RESPONSE FUNCTION

Original Region of Interest (ROI)

-0.5

0
Test Region Sweep

Filename: dev01_con24_rep04.raw

Confidence
SNR

RSA

PUR

tPUR

HSF

tHSF

METRIC

CTRL

100.00%

1725.32

82.79% +1.02
98.50% <99.88%>
-0.69

58.81 <3.21>
138.19 [0]

ROI w/ LFDA Conditioning

TEST1

100.00%

167.80

8.46% +0.11
98.63% <98.82%>
-0.09

3.50 <3.21>

0.71

Page 23



/OB

LFDA Background Conditioning

Response (S/N)
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LFDA RESPONSE FUNCTION

|
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|
|
|
|
|
|
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|
|
|
|
|
|
Il

Original Region of Interest (ROI)

-0.5

Test Region Sweep

Filename: dev01_con30_rep03.raw

Confidence
SNR

RSA

PUR

tPUR

HSF

tHSF

METRIC

0.5 1

CTRL

100.00%
1102.00

69.54% + 1.18
97.84% <99.82%>
-0.99

62.61 <3.23>
14557 [o]

ROI w/ LFDA Conditioning

TEST1

92.75%

9.99

1.64% £ 0.36
76.65% <70.32%>
0.49

3.67 <3.23>

1.08
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LFDA Sample Ahomalies

— The following charts show some results illustrating the real sample anomalies
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LFDA Sample Anomalies

LFDA RESPONSE FUNCTION

12

ot 12

i
i
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i
i

Response (S/N)
(o]

I
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|
|
|
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ROI w/ LFDA Conditioni

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

Original Region of Interest (ROI)

-1 0.5 0 0.5 1
Test Region Sweep

Filename: dev01_con04_rep02.raw

METRIC CTRL TEST1
Confidence 10000%  0.00%
SNR 997.29 11.97
RSA 54.74% +1.49 1.98% +0.37
PUR 96.41% <99.80%> 79.31% <84.66%>
tPUR 1.69 0.72

HSF 69.30<3.30>  15.87 <3.30>
tHSF 185.101[0] [ 2952
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LFDA Sample Anomalies

Response (S/N)

100

[ee]
o

(]
o

N
o

20

LFDA RESPONSE FUNCTION

]

’ | i 5
I l E } = =
: ; g 5
: : } g S
- | : | = 8
| i | o
: i s | 5 5
| i | g L
l i } o =
i | : 1 £ S |
I i I =3 o -
| = i 5|
-1 0.5 0 0.5 1
Test Region Sweep
Filename: dev05 con16_rep05.raw
METRIC CTRL TEST1
Confidence 100.00% | 0.00%
SNR 778.86 62.52
RSA 51.63% = 1.61 4.86% +0.97
PUR 95.84% <09.74%> | 78.00% <96.85%>
{PUR 495 | 7.45pd
HSF 627<330>  2076<3.30>
tHSF 697[] L 4103
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LFDA Sample Anomalies

Response (S/N)
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LFDA RESPONSE FUNCTION
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Test Region Sweep
Filename: dev09 con12_rep03.raw
METRIC CTRL TEST1
Confidence 100.00% [ 000%
SNR 1648.90 93.11
RSA 104.57% +£3.43 8.28% +2.71
PUR 95.58% <99.88%> | 68.34% <07 88%>
tPUR 215 | 4308[4
HSF 2000<335> | 27.08<336>
tHSF 37.9900] L 5459

Page 28



