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1. Overview

1.1 Development history of the elastic light scatter system

The elastic light scatter system was -born as a prototype light scattering system using a simple laser
source on a petri-dish with bacterial colonies. In 2004, with the support from the United States Department of
Agriculture (USDA) and the Center for Food Safety and Engineering (CFSE) at Purdue, the first prototype
forward-scatterometer was built and provided valuable data for various species of bacterial colonies which
confirmed its effectiveness as a non-invasive and rapid identification instrument.

Laser
Diode M irror
e XY stage

Laser Bacterial Imaging
Diode colonies screen

Bacteria
sam ple

Image

sensor

(a) (b)

Figure 1. Two prototypes of the first generation system.

(a) Initial conceptual realization (b) Semi-automated system

As shown in Figure 1-1, the initial forward-scatterometer provided the results to pursue the next step
of evaluating more types of bacterial species. However, the overall system was operated manually without
microscopic positioning system which limited the throughputs of the capturing scattering pattern. In addition,
the image was taken via a stand-alone digital camera which had limited image resolution. To provide more
versatility as with sufficient precision and throughput, we have upgraded the forward-scatterometer with

some enhancements.

The instrument operates using a laser diode module of 635 nm wavelength, approximately 1/e2 beam
diameter of 1 mm and the output power of the operating condition was measured to be 0.7 mW. The Rayleigh
range of the beam waist is much longer than the sample thickness of 0.1 mm at the center. Similarly to the
previous versions, the latest instrument called “BEAM” is equipped with the 1 mW 635 nm laser diode and
two simultaneous reader combinations (gripper and camera). The monochromatic CCD image sensor is
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manufactured from Basler and has its own thermoelectric temperature control to ensure the lower level of
noise

Figure 2. Prototype of BEAM system showing two detection stations (right and left) and a central light
illumination.
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2. Operating the BEAM Instrument

2.1 Plan your experiment and barcode print

Even before you scan your media plate, you should plan your experiment and type in the as much detailed information
as possible to the database system. The first step after designing the experimental layout is to prepare your dishes and
place barcode labels on all dishes. The flowchart below describes the overall procedure.

BEAM to record

Figure 3. Flow chart to print the barcode labels for the sample plates.
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“#* Protocol

= @] €

| |

DATABASE ‘Barcnde Test
USER JPR
EXPERIMENT Wash-lettuce study-1

Sample 1234-A
Sample 1234-A1

Sample 1234-A2

DATABASE : A user may select a specific database
or a common database can be assigned to each
group.

USER : Individual user (your name will be here —
this is a dropdown of all available names. Be sure to
use a consistent nomenclature as JPR is different to
JpR or JPR1

EXPERIMENT: Specific experiment title (i.e.
antibiotic resistance test, Listeria species test, etc)

After clicking + and adding three plate data,

the screen will look like the figure in the left.

I This icon will add a new plate data and

barcode to the barcode printing program. Once you
click this, Figure 2-3 screen will pop up.

-
JThis icon will remove a new plate data and

barcode to the barcode printing program.

E This icon will print single barcodes.

(=L ]

=V This icon will print multiple barcodes.

ﬁ! This icon is a utility that allows the user to set up a new database, set up the printer and select either

1D (default) or 2D barcodes

Figure 4. Screenshot of the barcode printing program and its functionalities.
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Dlate Info [ = ]

Experiment |'t“:'ash-|etb.|ce study-1 - |

Barcode 160331084325319

Dish Name Sample 12344

I-ab w
User PR -
Device ID I RobotID O

Date and Time | 7/31/2016 5:45:254M |  Temperature 37  C°

Incubation date&time 3/26/2016 8:43:25 AM

Duration of Incubation 12 Hours(120) 0 Minutes(D)

Catalog Number [NA "] A MA
Media TSA4 -
Source Farm 1234 -
Originated from
+ Close
| o% |

Figure 5. Screenshot of the database input. Detailed information will ensure users can easily locate their
experimental data when they have large numbers of datasets to search. Entry into this database should be
detailed and deliberate as these become the metadata for all experimental datasets and all these fields can
be used to search for or select datasets.

e —
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2.2 Basic layout of the Graphic User Interface

All the operations of the BEAM are controlled via the graphic user interface (GUI) panel called Bugbuster or

" licon. When the Bugbuster icon is clicked, the program will show the initializing screen and it will open up a user

interface such as Figure 2-3. Control buttons

A DOCLU Software - lipT WOWORWMWLW - = =N T
& QOO I @Ooe ©
' i E.coli K12 tube 4.c 50 uL 1|BPlateName. . 4~ — — — —| it

I l Tettichi- I NOT FOR COMMERCIAL USE H DATABASE [Iocal 'l
| I user Ml -
I | H EXPERIMENT [Neo Rt -
: 0 I | G

l I H E.coli K12 tube 4.c 25 uL
I I E.coli K12 tube 4.a 50 uL
I ' H E.coli K12 tube 4.b 50 uL

l I H E.coli K12 tube 4.c 50 uL
| |

i .
|

f ‘ |
|

f | |

f | |

i ‘ |

f ‘ |

i .

I .

i .

I .

i .

i .
Thumbnail : eft unit pane Right unit panel : Thumbnail
Image for left Image for right

Figure 6. Overview of the main graphic user interface for Bugbuster program.

Since the BEAM is equipped with dual readers, each side is controlled independently. The left panel has two sub-
windows (thumbnail image and plate image) and the same for the right reader. The right most panel is called the
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database panel and this is the very first step to complete before doing any type of experiments. On the top, there are
four large and one small buttons. This panel can be independently operated without the Bugbuster program, but the
computer on which it is operating MUST be on a network connection that has access to the SAME database that the user
will access when they run their samples on the BEAM.

Button Function Explanation
Eject This icon will call the grippers to come to the plate locating area in the center of
@) the instrument. Since each reader has separate controls, you must click the
appropriate eject button to either put your plate in or remove your plate from

S —

the BEAM. You cannot operate both sides simultaneously!

4 Run By clicking this, you will be operating the scanning and scattering features
c automatically for one side or the other whichever side you selected.

Stop If for any reason you want to stop the BEAM from capturing patterns, you can
&ff.'x",ﬂo click this anytime during the operations.
. Save This button allows users to save the plate data into the database. The database
=0 window will automatically pop up with the pre-filled information you’ve entered

from the database panel prior to performing your experiment.

=1 Minimize/maximize = This button will fill the windows screen (full screen) or collapse the windows to a
@ smaller screen. This is a toggle.

’ : Settings/options This button will pop up the windows for more advanced options. These options
@ should be selected with great care and significant knowledge. They are not
recommended for inexperienced users.

Power Will close down the program

© Copyright 2016 Doclu LLC. This manual is provided to the USDA under a MTA and cannot be distributed or shown to outside parties. Page 11 of 44
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When you run Bugbuster software it will open three separate windows by default.
1. Main operators window (Figure 2-3) : this will be the windows most used
2. Either clicking the option button or ALT+TAB button, you can navigate to the individual control window of each
readers (since dual readers, there are two separate windows)

D FOR COMMERCIAL USE o e )
CPOY [ I 8evoce |©
L E.coli K12 tube 4.c 50 uL | BPlateName I
g Tiettichi NOT FOR COMMERCIAL USE DATABASE “OCEI -
| user Ml | .
| EXPERIMENT I -
I main windows E.coli K12 tube 4.2 25 uL
E.coli K12 tube 4.b 25 uL I
I E.coli K12 tube 4.c 25 ul
I E.coli K12 tube 4.a 50 uL I
E.coli K12 tube 4.b 50 uL I
I E.coli K12 tube 4. 50 UL I
L] — — _— —_— L] — —_— —_— — _—— — L] —_— —_— —_— — —_— — — — — — — L | —_— — —_—
e T e e e  ———
9 DOCLU Softmare - NOT APPROVED FOR coml:»f ° I . ﬂ
- DOCLU Seftware - NOT APPROVED FOR COMMERCIAL USE et
I :u' '{)H .n ¥ D 7 - D R 4
. o 2H e w +io] 1§18 . 3
AL = I ; <<< - - | >
Left arm control | | Cortdl | Fnd Catones | Colony Tatde | Optons | Catbration | Froect [ 1oy * *
I I Srwp | ReSnsp n;;u . / Auto txponse
rghess
| | N |y S
I Max Colony Mmber 0 & D e
I I E I Curert S ;
- 4 ' ’ Laser 25600 29600 o
| o FoR o7 = e
| J LaserD
| 6 v | | = — o
i
teﬁl I I X = Q02533333206 2008 ’A“ Sl
I ¥ = 000133 N0S08
I I vmwa -
I Agx Thoren Save | Delete
| Right arm control e e e
I I Cakcudate From Curent Plate
| |
I -
Iratrument. Hetti|
— — L — — _— — _— —

Figure 7. Multi-window options for Bugbuster. This option allows users to access more detailed control of
the individual scanning arms (left and right) and also various experimental parameters.

e —
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sulalled S73 painiae)

Control and Option tabs
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oluol" Find Colonies | Colony Table |bph‘ons I Calibration | Project I Log

Advanced

[T Filter

|1x Colony Diameter 5.5 Filter Halfwidth
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Roundness 0.3 Apply Rank
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Figure 8. Screenshot of the individual stage controller interface.

The basic structure of the Bugbuster program is divided into four sub-windows and command icons (Figure 2-3).

- Command icons: All Bugbuster menus are either in the tabs or as icons. This panel lists all the most
frequently used commands in terms of icons.

Table 2. List of icons and functionalities for the individual stage controller.
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Icon Action

Open the previously captured data files

Save current data. You can choose to save data into a database or as a separate image files (PNG format).

L

This is useful if you want to capture an image for publication or slides. You can save an entire directory.

-
.-"-.

Colony locator icon. If you move the mouse on this image, a balloon will pop up with ‘take scan image’. You

-,

4

must run this operation first to locate the colony and filter out the outliers (i.e. colony diameter too

big/small or doublets) from the scanning sequence. Outliers are excluded by choosing the diameter range
and circularity value from the ‘Find Colony’ tab.

Scatter image capture icon. This step has to be performed after the colony locating. This step calculates the

D

shortest pathway to travel among the selected colonies using TSP (Traveling Salesman Problem) algorithm
and images will be shown in the icon panel (1% panel from the left) and live scatter images (3™ panel from
the left).

Delete current data. This will remove all the current data. Once removed it CANNOT be retrieved.

i

Pointer tool. Typical pointer tool. If you use this to click the captured scatter patterns (small icons on the 1%t
panel), it will highlight the corresponding colony on the 2" panel (colony locating screen). This action will
not include any instrument movement.

Marker-tool. Similar to pointer tool, but this includes instrument movement. For example, if you use this

+ |

tool to click the captured scatter patterns from the 1% panel, the BEAM will move the sample plate
(selected) to the exact coordinate that is aligned with the incoming laser.

Select/De-select tool. This is useful for manually -selecting or de-selecting the colonies. Once the colony

=

locating is done, sometimes you still see some “blobs” being selected even though that may not be real
colonies. This happens mostly for the spots that are located close to the edge of the petri-dish. Once you
click those spots, they will be de-selected (color will be changed from red-blobs to green-blobs) and
removed from the scanning sequence.

Park tool. This will allow you to park the BEAM (selected side) to the original position.

Database icon. This will allow you to save the captured data in a database. Currently, this function is set to
operate only with local databases. That is all the data are saved into the local computer. You can copy the

& &

data to a backup source using standard backup procedures.

- Captured image preview panel: -Located on the left side of the GUI, this vertical layout displays all the
captured ELS patterns in a sequence. Each image is shown as a small icon and there is a click mark that can
be used to include (check) or remove (no-check) from saving into the database.

© Copyright 2016 Doclu LLC. This manual is provided to the USDA under a MTA and cannot be distributed or shown to outside parties. Page 14 of 44
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Figure 9.Scatter patterns preview panew
Check mark

Colony number —

NO59 v
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- Colony locator panel: This panel consists of two separate windows. The top window displays the

monochromatic raw images from the plate (top) imaging camera. The large white dot in the center is the
image of the laser. Colonies that exceed the threshold value of the agar background will be shown as white
color while the background will be displayed as black. This depends on the plate and media you use. Also,
there is a slide on the bottom that you can move to change the threshold value which will change the

o et

number of visible white blobs (colonies). There is a camera @ and LAMP icon Q . The first will allow
you to see the live image from the top imaging camera while the second icon will allow you to manually turn
on and off the light source.

[<]
Raw image from _5
Top camera

IS
@Q r——— | — _—>Slider for camera
3 exposure time of

Control icons
the top camera

Processed image __5
that shows

selected colonies

and scanning
seguence

The bottom panel displays the processed image from the top. This will contain the scanning sequence of the
colonies and all selected colonies will be shown in red color. The cross-mark designates the colony that is
currently being captured along with the numbers. You can see that some colonies are excluded from the
scanning sequence. This means that they are outliers which do not meet the selection criteria (i.e. diameter
range and circularity)
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ELS patterns panel: This panel will display the current ELS patterns. The top panel will show you the live and raw images
while the bottom window displays processed images if you selected some options from the option panels. Top window
includes three icons. Colony map window: (top right) based on the criteria of colony diameter and colony roundness

(] .
from the option menu, this window displays the center location of the colonies on a two dimensional map. icon

will enable a live view of the bottom camera. When hg is clicked for ELS pattern captures, you will notice that

and . icons will be automatically turned on (color changed to yellow). The laser icon . allows you to manually
control the power of the laser.

- The bottom window displays the processed image from the top window. For example if you select
Options>Colorify from the option panel, the monochromatic image will be changed to false color image.
Sometimes, false color image displays better structures than the grey scale images.

HDR and regular image

e —
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A function that is included is the high dynamic range (HRD) function that can be found in the control tab.

This function was included to accommodate a situation where some colonies show large dynamic range of
data (that is minimum and maximum signal spans large order of magnitude)

Figure 12. Example of regular (left) and HDR image (right) of the identical colony. Weak signal on the
outside rim region is more amplified in the HDR images while there are some speckle noises that can be
observed. This function is useful when the colony is optically opaque and you still want to observe the
scatter patterns.
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- Control and options panel: This includes several options that can be selected by users. While most of the

settings were already optimized for better performance, we will remark on some of the parameters that

users can change if needed.

Control tab: This shows live information regarding the lasers and options for accurate locating of the colony

locations. If you follow the standard operating procedure of the plate preparation, your agar thickness will
be close to a set value where the BEAM was optimized for high speed scanning. Snap/resnap/purge icons
are for calibration purpose or when you need to manually correct the image centeredness. Radius option
describes the image radius of the plate image in pixel unit and 1250-1300 is the correct range. Auto

exposure and brightness option is used to control the image exposure. This this option clicked, each image

will be adjusted automatically based on the brightness value selected.

[

rxx

Control | Find Colonies | Colony Table | Options | Calibration | Project | Log * | *

Radius
’ Snap ” ReSnap ] 3.000]2 1,400 = [¥] Auto Exposure

Brightness

3,000|== [¥]Round Plate g5 =

Delete Samples : e
[F]

Max Colony Mumber 0 =]

Dynamic Range

Current | 0.00 0.00 @ Low
(1 High

Best -
() Both

Laser | 512,00 512.00
Salesman | 433,03
LaserD | 0.00000
Sigma/Asym | 0,596 0.045811 HDR. Exposure
Entropy | 1.38220 405.8519< o1
Intensity1/2 | 2.11993  0.00000

High Dynamic Range

HDR. Decades
¥ = 065.13496659685252 4
Y = 81.357665795309

Agar Thickness
Thickness Compensation -

Agar Thickness 3.4359 [ Save ] [Delete ]

Distance from Agar to Lens{mm) 100

Calculate From Current Plate l

Figure 13. Control tab. Most of the options can be set as shown. Radius determines the pixel radius of the
Petri-dish edges which has a set value of 1400 pixels.
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Find colonies tab: This tab is responsible for choosing the colony selection criteria. The box on the top

shows three parameters that users can choose: Max and Min colony diameter and Roundness (circularity).

Diameter ranges are used to provide repeatable ranges of colony diameters for better signal to noise ratio
while the roundness value is used to exclude outliers (doublet and triplet, etc.). The Threshold bar displays
the grey scale value (0-255) where the background cut off value was set. Depending on this cut-off you will

have different number of colonies and ‘Number of Colonies’ and table will automatically change when you

move this slide.

(4

[ >>>
J | Control | ] Find Colonies | Colony Table | Options | Calibration | Project [ Log |
Advanced
- = [T Filter
Max Colony Diameter 5.5 Fiter Halfwidth
Min Colony Diameter 20 (=
Roundness 0.3 Apply Rank
_— B 0 %
Number of Colonies 29 [@]RankAveraging
Threshold for PLATE Image
| « [ P28
[ Hide Colonies [T FlatField
Number X{mm) Y{mm) Diameter Roundness StageX *
1(1) 3.81 1.39 0.51 0.95 39.45
2(2) 3.09 -3.03 0.63 0.84 40.16
3(3) -8.85 4.48 0.73 0.80 51.90
44) 2,65 11.77 0.47 0.90 40.59
5(5) -12.97 -3.90 0.78 0.57 55.95
6(6) 2.87 13.95 0.65 0.68 40.35
7(7) -9.30 11.05 0.76 0.75 52.37
8(8) 11.20 -10.23 0.48 0.77 32.17
9(9) -16.03 -2.58 0.76 0.70 58.97
10(10) -9.83 13.54 0.59 0.60 52.85
11(11) -9.45 -14.78 0.42 0.35 53.80
12(12) 5.44 -17.10 0.76 0.75 37.81
13(13) 15.51 10.40 0.65 0.91 27.85
14(14) -5.70 -18.50 0.76 0.67 48.80
15(15) -1.49 21.91 0.60 0.85 44,65
16(16) -21.35 5.37 0.89 0.39 64.25
17(17) -23.55 -3.36 0.79 0.61 66.35
18(18) -21.28 -12.03 0.88 0.62 64.15
19(19) 24.50 7.48 0.64 0.88 18.87
20(20) 21.31 14.85 0.56 0.95 22,05
21(21) -25.82 3.33 0.62 0.89 68.63
22(22) 26.27 -0.41 0.67 0.95 17.16
23(23) 22,64 14.82 0.60 0.83 20.70
4 el »

Figure 14. Maximum and minimum colony diameter determines the interval of colony sizes that will be
captured while the roundness parameter is majorly used to exclude outliers.
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Colony table tab: This tab will display all the information related to the selected colonies which includes X, Y locations,
diameter, and roundness. If you want to export this into a file, you can right click the mouse when the pointers are on
top of the table and you can save the data in text format.

"Contral I Find Colonies Colony Table |Jukebox I Options I Calibration I Log I

Mumber % (mm}) Y (mm) Diameter Roundness |StageX 5
1 -4.81 2,13 1.06 1.03 0.00 0
2 1.60 3.69 0.89 1.08 0.00 u}
3 0.63 5.03 1.08 0.90 0.00 a
4 24,37 10,42 0.45 0.92 0.00 u}
5 20,98 19.42 0.53 0.88 0.00 i}
B 11,31 17.70 1.15 1.03 0.00 0
7 -2.78 25.99 0.44 0.87 0.00 u}
8 9,14 13.00 1.07 0.58 0.00 a
9 -26.57 17.97 0.44 0.87 0.00 u}
10 -27.19 12,30 0.55 0.95 0.00 i}
11 -18.05 -0.30 1.05 1.01 0.00 0
12 -13.86 -19.20 1.24 0.88 0.00 u}
13 -11.66 -18.59 0.51 0.81 0.00 a
14 12,71 -30.09 0.51 0.81 0.00 u}

Figure 15. Colony table tab displays the number, XY location, and roundness parameters.
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Options tab: This tab provides several options for users. Most of the options can be left as current settings.
One thing the users can change is the ‘Get Center Mode’ option. This provides you with options to perform
ELS pattern centering with two different modes. Typical colonies that we are dealing with can be run with
‘Bacteria’” while calibrating with the calibration plate ‘Dots — option is useful. ‘Finding Center Threshold for
LASER Camerd’ is a slide bar that you can control to control the threshold for the centering algorithm. ‘Max
steps’ decides the maximum number of correction steps that BEAM will perform to provide circularly
symmetric ELS patterns. ‘Colorify’ option will provide you with false color images of the ELS patterns.

[ s ]

| Control I Find Colonies I Colony Table

Options | Calibration | Project | Log * | *

(@) Bacteria
(7 Dots

Compensation

1 s

Show Threshald
Max Steps
30 =

-

‘ @ Database Options
Key

Value

Get Center Mode

Finding Center Threshold for LASER. Camera

Colorify
[ Raw Plate Image
[Take Raw Image ]

Laser Camera
Binning 4

Width 513

Figure 16. Options tab displays several control options for scatter camera.
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Calibration tab: This tab provides automatic calibration of the instrument. First you need to insert the calibration plate

on the BEAM. Then simply click the Calibrate BEAM button and wait until you see the pop-up windows that indicates
the task is completed. This can take several minutes. At the first installation, technician will perform the calibration with
the designated calibration plate. Once completed, users don’t have to re-calibrate. However, after extensive usage or

2.0perating the Instrument

unusual event (moving the instrument etc), re-calibration might be required.

2 DOCLU Software - NOT APPROVED FOR COMMERCIAL USE [=nE=R===
X 7 b [ [ | 1 [ | [ [ ] Il
O el @EY @ ()t (F)[@e " L

J| - - ( S )
Control | Find Colonies | Colony Table | Options | Calibration | project | Log * |+

Big Bardot | Calor Camera | Test Drive | Staff Only

[ <<€
Start Full Calibration | V| Background
| Stop | | Exposure
Intensity Drop 0.5
/| Distorsion

laser beam diameter (mm) 1.2
=

Dot diameter in tenth of milimeter 10 (3

—

4 (MK
@ Q U @7 g | Set Plate Image Postion | | Set Laser Position
LR 2 | Background |

s m O [

2@ 9 @8 /m| %]/

O 1

e —
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2.2 Using database options

First step toward using the database function is to use the H (save icon) to save the all
measurement data. When you click this icon a new window will be shown (Figure 2-15). It is important to provide as
much information as possible since each field (dish name, experiment, lab, user, etc.) will be shown in the database and
can be used to sort and find your relevant experimental data. Use intelligent names with meaning and be consistent.
Once names have been used, they are available as dropdown menus so that you must be consistent with naming
conventions. This is critical when using a database. After you have filled in the information click one of the following:

Save : data can be saved as .PLT file (standard data format of the instrument). A PLT file is a proprietary file that

includes all of the information from the plate, but it is in a readable more.

Export : you can export the individual images, plate image, and statistics as a separate files.

Save to Database : this icon will save all the data into your database

s 0 e
Dish Name
Experiment MA -
Lab pud -
User Jennie -
Device ID 7
Date and Time |I/252013 1:36:39 AM

Incubation date&time

1/23f2013 3:30:00 PM

Curation of Incubation 34 Hours 0 Minutes
Catalog Number [ -
Media TSE -
Source PLCL -
Originated from
l Set Flate Info I l Save ] [ Expart ] [ Save To Database
0% |

Figure 18. Plate information window to save all the scanned data into the database.
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=
E(

dropdown menu will show two options. One is local database and other is local-cleaned database

Once a series of experiments is complete, you can click the database) icon. Next to the icon, a

Local: this database is the default database into which all the raw data are saved. This can be
considered temporary storage and it is good practice to clean up bad scans, etc. and then save the “cleaned”
data to the “Local-Cleaned” database. Once data are transferred, it is suggested that the temporary database
is emptied as it can become a huge data storage problem.

Local-cleaned: this database is the ‘cleaned’ site in which you have removed all the bad images that
were included in the original run.

Then the database window will be opened

Previ
Model window review

thumbnail

e L B WA W S
[ZIMode!  |Hopen Plate Sieve Save as Class | | Purge Experiment Cancel

Source |ocal Destination l ']
Experiment Al + Search NAME 10f 3015 selected
id yexperiment gname Fincubation_time  date_time colonycount  catalognumber  lab  media  source  usi .
3 NA Citrobacter freundi baby plate1 25ul 34h 013-01-2502:42:04 9 NA pud TSE  PUCL  Jem
4 NA Citrobacter freundi baby plate1 25Ul HDR  34h 201301-2502:44:56 9 NA pud TSB  PUCL  Jem
5 NA Citrobacter freundi baby plate1 25ul exp713  34h 013-01-2502:4%05 9 NA pud TSE  PUCL  Jem .
6 NA Citrobacter freundi baby plate 1 HDR 34h 2013-01-2501:36:35 21 NA pud TSB  PUCL  Jem
7 NA Citrobacter freundi baby plate1 exp719 34h 013-01-2501:35:28 21 NA pud TSE  PUCL  Jem H
8 HNA Citrobacter freundi baby plate2 34h 201301-2501:4406 21 NA pud TSB  PUCL  Jem
9 NA Citrobacter freundi baby plate2 25ul 34h 013-01-2502:52:48 13 NA pud TSE  PUCL  Jem
- 1 NA Citrobacter freundi baby plate2 25Ul HDR  34h 2013-01-2502:47:06 11 NA pud TSB  PUCL  Jem .
4 Pllo ona Citrobacter freundi baby plate2 25ulHDR. 34 013-01-2502:50:35 13 NA pud TSE  PUCL  Jem
12 NA Citrobacter freundil baby plate2 25ul exp713  34h 2013-01-2502:51:41 13 NA pud TSB  PUCL  Jem
[¥]Class 13 NA Citrobacter freundi baby plate2 HDR #“h 201301-2501:44:56 21 NA pud TSB PUCL  Jem
id yname Update Time Expel| 14 na Citrobacter freundi baby plate2 exp719 34h 2013-01-2501:41:22 21 NA pud TSB PUCL Jeni ’ o
1 EfaecumPU92babyplatel 2013-02-211L2L:35 NA 15 NA Citrobacter freundi baby plate3 34h 2013-01-2501:48:22 19 NA pud TSB PUCL  Jem § Y
15 NA Citrobacter freundi baby plate3 HDR 34h 013-01-2501:46:58 19 NA pud TSE  PUCL  Jem
17 NA 34h :49: NA pud TSB  PUCL  Jem \ e
o m :
19 NA 34h 20 5 NA pud TSB  PUCL  Jem
20 NA Efaecum PUS2 baby plate1 25ul HDR 34h 013-01-2502:09:51 5 NA pud TSE  PUCL  Jem
I 21 NA Efaecium PUS2 baby plate1 HDR 34h 201301-2501:02:34 8 NA pud TSB  PUCL  Jem
2 NA Efaecum PUS2 baby plate2 34h 013-01-2501:05:34 7 NA pud TSE  PUCL  Jem
23 NA Efaecium PUS2 baby plate2 25ul 34h 201301-2502:13:52 6 NA pud TSB  PUCL  Jem
24 NA Efaecum PUS2 baby plate2 25ul HOR 34h M013-01-2502:1428 6 NA pud TSE  PUCL  Jem
5 NA Efaecium PUS2 baby plate2 HDR 34h 201301-2501:0430 7 NA pud TSB  PUCL  Jem
2% NA Efaecum PUS2 baby plate3 34h 013-01-2501:06:33 10 NA pud TSE  PUCL  Jem
27 NA Efaecium PUS2 baby plate3 25ul 34h 2013-01-2502:17:08 7 NA pud TSB  PUCL  Jem
28 NA Efaecum PUS2 baby plate3 25ul HDR 34h 013-01-2502:15:57 7 NA pud TSE  PUCL  Jem
3 NA Efaecium PUS2 baby plate3 HDR 34h 201301-250L:07:17 10 NA pud TSB  PUCL  Jem
* 30 NA test 17h 013-01-24 10:50:54 50 NA pud agar  Jenmie  Est _
b 4 3 -

Class window Captured data (top row shows the attributes)

Figure 19. Database window. Sub-windows include model and class windows and thumbnails.
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| Open B Copy _Rﬂ"lame_ Delete Flate Sieve Save as Class _PL.lrgeElmerima‘lt_ Cancel

Source  |ocal Destination [ "]
Experiment Al * Search NAME 1 of 30 iz selected

Figure 2-17. Menus for the database window.

Some important functions for the icons are explained.

- Open/Copy/Rename/Delete is the usual function to edit the database.

- Plate Sieve: this is a powerful tool to show the scatter image, colony diameter, and if you performed time-
resolved experiment, you can observed the time-series of scatter patterns variations (please see Figure 2-17
and 2-18). Plate Sieve is really only used for time-based series using automated incubators.

- Save as Class: this menu will allow you to save the images as a class. For example, if you save a series data
into Listeria innocua 12 hour-BHI, this class will be later re-used as a fingerprint (reference database) to
compare against the unknown samples.

- Purge Experiment: removes the experiment that you've selected.

Experiment NA

=] ’ Save l v] Tolerance 1.0 e Plate  Citrobacter freundi baby plate1HDR

SizeChart [=]

SllE——— [

T
34 h

Figure 20.Screenshot of the Plate Sieve menu. Plate image (left) and scatter patterns (right) are shown. The
Red-dot on the plate image corresponds to the particular colony from which scatter patterns are identified.
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O buvgatoq’
< ) » | *Sa«.wf l {Robot SaVEd _; Sokaranee [m Acely :‘::'m: :QILuwem—cmvd

PURGE

Figure 21. The Left column shows the time point and the red-dot corresponds to the same colony at
different time points. When you perform a time-resolved experiment, Plate Sieve is a excellent feature to

see how the patterns evolve versus incubation time.

If you click ———, a new window will pop up.
. B
Class Name @

e

Enter Class Name | S sl rds= sy g =1i=a

| Ok | | Cancel

Figure 22. Class name window. If you input the class name, data will be saved into the database using this

class name.

e —
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# Database Control
Rename Delete Plate Sieve Save as Class Purge Experiment Cancel
Source  |ocal Destination i 'I
Experiment  All ~ Search NAME 10f 30 is selected
id yexperiment $name Fincubation_time  date_time colonycount  catslognumber  lab media  source  us s
3 NA Citrobacter freundii baby plate1 25ul 34h 2013-01-2502:42:04 & NA pud TSB PUCL Jen
4 NA Citrobacter freundii baby plate 1 25ul HDR 34h a NA pud TSB PUCL Jeni
5 NA Citrobacter freundii baby plate1 250l exp719  34h Q NA pud TSB PUCL Jeni
& NA Citrobacter freundii baby plate 1 HDR. 34h 21 NA pud TSB PUCL Jeni
7 NA Citrobacter freundii baby plate 1 exp719 34h 21 NA pud TSB PUCL Jeni
8 NA Citrobacter freundi baby plate2 34h 21 NA pud TSB PUCL Jen
9 NA Citrobacter freundii baby plate2 25ul 34h 2013-01-2502:52:49 13 NA pud TSB PUCL Jeni
. 11 NA Citrobacter freundii baby plate2 25ul HDR 34h 2013-01-2502:47:06 11 NA pud TSB PUCL Jeni
d |_| C 10 NA Citrobacter freundii baby plate2 25ul HDR 34h 2013-01-2502:50:35 13 NA pud TSB PUCL Jeni
[ [ 12 NA Citrobacter freundii baby plate2 250l exp719  34h 2013-01-25 02 13 NA pud TSB PUCL Jeni
[¥]Class | Open | | Copy | |Rename 13 NA Citrobacter freundii baby plate2 HOR 3h 2013-01-25 01:44:56 21 NA pud TS PUCL  Jer
1 id  yname Update Time Exif MA Citrobacter freundii baby plate2 exp719 34h 2013-01-2501:41:22 21 MA pud TSB PUCL Jeni
1 1  Efaecum PU92baby platel 2013-02-2111:21:35 NA 1 NA Citrobacter freundii baby plate3 3#h 2013-01-2501:48:22 19 MA pud TsB PUCL Jeni
1 1 NA Citrobacter freundii baby plate3 HDR 34h 2013-01-2501 8 19 NA pud TSB PUCL Jeni
S NA Citrobacter freundii baby plate3 exp719 34h 2013-01-2501: 4 19 NA pud TSB PUCL Jeni
NA 2 baby p 2 NA
NA Efaedium PU32 baby plate1 25ul 34h 2013-01-2502: 5 NA pud TSB PUCL Jeni
NA Efaecium PUS2 baby plate1 25ul HOR 34h 2013-01-25 02: 5 NA pud TSB PUCL Jeni
NA Efaecium PU32 baby plate1 HDR 34h 2013-01-2501: 8 NA pud TSB PUCL Jeni
NA Efaecium PU92 baby plate2 34h 2013-01-2501:0 7 NA pud TSB PUCL Jeni
NA Efaecium PU32 baby plate2 25ul 34h 2013-01-2502: & NA pud TSB PUCL Jen
NA Efaedum PU32 baby plate2 25ul HDR. 34h 2013-01-2502: 8 NA pud TSB PUCL Jeni
NA Efaecium PUS2 baby plate2 HDR 34h 2013-01-25 01:0 7 NA pud TSB PUCL Jeni
NA Efaecium PU32 baby plate3 34h 2013-01-2501:06:33 10 NA pud TSB PUCL Jeni
NA Efaecium PU92 baby plate3 25ul 34h 2013-01-2502:17:08 7 NA pud TSB PUCL Jeni
NA Efaecium PU32 baby plate3 25ul HDR 34h 2013-01-25 02: 7 7 NA pud TSB PUCL Jen
NA Efaedum PU32 baby plate3 HDR 34h 2013-01-2501:07:17 10 NA pud TSB PUCL Janll—l
NA test 17h 2013-01-24 10:50:54 50 NA pud agar Jennie  Estr _

Figure 23. Once you save the data using the save as class icon, we can see that a new class named ‘E.facium
PU92’ is shown on the main window.
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3. Classification by Baclan Software

In the computer, analysis and classification software (called Baclan) is pre-installed. This is concomitantly developed
along with BEAM operating software such that once the data are saved using the database option; Baclan streamlines
the analysis and classification process.

The classification steps consists of two processes. The first is building an ELS library and the second is performing the
actual classification. To make the most of the Baclan function, all the data that are captured should be saved using the

database options. For the first step, click the (Baclan icon) to start.

Statistical information of

Plate image List of Classes and each colony
[classification results plates

Training Mode

— ] —
I @ 12 (100%) E.coli g Training Set lTestSetI
12 el .
I 2@ 1
: ‘.- Isteria PUS1 DB nasty p1 10 I Ecol 0.00 -28.22 2092 117 083 255 255
I I - listeria PLIS1 DB nasty p2 10 3 Ecol 000 533 153 100 102 255 255 I
- listeria PUS1 DB nasty p3 10 h
1. col I Ecol 000 1435 1654 |L0Z  [087 255 255
I I - ecoll 38028 DB nasty 10 h I Ecol 0.00 252 431 102 1.05 255 255 I
- ecoi 39028 DB nasty 2 10 h
I ecoli 38028 DB nasty 3 10h Ecol 0.00 3.38 345 |0.90 103 255 255 I
I ! Ecol 0.00 257 |-7.37 115 108 255 255
| q Ecoi 0.00 259 223 (101 084 255 255 i
— — T — —— T —— i — —
Colony | | il Features | Classifiers | Histogram | PCA | F-Chart  Options | cv Matrix | nfo | openct| -
I Auto Mode I Colorify Scatter
Auto Load Model File Name
Maximun number of Samples in RAM ¥ Ask For Relink
If Windows shows "Out of resources™
try to reduce this number and [” IgnoreDB Key Valus
restart the program P
o [ Show gridsearcinreal tme  |Fi1e Version
3000 - Product Versiom 1.0.0.0 I
*|  tnmemeru- 245 Total 348 [ 4 v

Thumbnail images Figure 24. Initial window for Baclan.
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Here each function of the icons is explained.
Icon Mode Action/Function

! Training Create or Load class. If you select this, you can create a single class or load an existing class file.
“'5) Class is defined as a data file for a single organism. For example, you can generate a class file
based on a genus (Listeria, E.coli, Salmonella) or species (Listeria innocua, Listeria
monocytogenes, Listeria ivanovii). Class generally consists of multiple plate files (which uses the

icon)

Training Remove class. Deletes the class from the Baclan program

‘Eﬂ
Training | Add plates. This icon is used to add plates into classes. Typical experiments includes replica of
data so you will generally have multiple numbers of plates files added into the same class. For
example, Listeria innocua class you will have plate 1, plate 2, and plate 3 as a replicate datasets.

Training Import plate from Directory. This function enables you to import the image files that were
exported from other light scatter instruments. For example, if you have series of bitmap images
from the older generation instruments, you can specify the directory and import the images into
the new database.

Training | Remove plate. Deletes the current plate data from memory only (it does not delete data files).
o~ Training | Teach. This function trains the classifier using the parameters that you have specified on the
M “Features” tabs. In this tab, generally we selected Zernike moments with order 10 and Haralick

Texture with minimum 1 maximum 4 and step 1.

memory only.

X Training | Delete all data. This icon will clean the screen that will delete all the classes and plate data from
Training | Save model. Model is defined as a set of classes that you have generates to accomplish a certain
H test. For example, depending on your aim, you can generate

Listeria species model — class will be 7 Listeria species.

Multi-genera model- you can include E.coli/Listeria/Salmonella (all in genera level) to classify
E.coli serovar model —each class will be your own o-antigenic serovars.

In all these example, each model should be saved as a separate file.

Training | Open model. Imports the model that was previously saved.

Testing Add plates. Adding plates in the test mode means you are importing the data that needs to be
classified.

Testing Import directory. This function allows you to directly import the old data format. The only
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constraint is that the output files must be as separate BMP or PNG files.

Testing Export as BMP file lists. This function allows you to export the database files into separate
image files and text file. Text file will include the statistics of the individual colonies.

-
-

Testing Remove plate. Deletes the plate data

H@ P

Testing Classify. This function is comparing the test data against the training database thus providing

the classification .

Testing Save report. This function will report the classification result at the same directory of the test
data set.

Testing Print or Export. This function will allow you to print the plate images along with the colony

¢ T

numbers overlaid. This is especially beneficial when you need to pick individual colonies that
show interesting ELS patterns and trying to perform further analysis. The printout should be
close to the actual size of the plate so it can be placed beneath the plate to select colonies.
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3.1 Training and building the library

The first step towards the classification of ELS patterns is to generate a fingerprint library. First click the % (add class)
icon to open a new window.

O et

Mew Class IListeria innocua

i Create New Class I Cancel |
Class | A Plate

Efaecium PUS2 baby plate 1

Cpen Cancel |

Figure 25. Class window. You can type the new class name and click “create new class” or click the existing
class and open it.
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After you create or open the class, you will observe a new class has been added into the main window. You can see
“Listeria innocua” class has been generated.

7 BaclAn 1.0.0.0

[1z] Training Mode | &

local j
Training Set |Te5t Set I

o@D ASX W

----- Listeria innocua

Colony | I ﬂ Features Classiﬁersl Histogram PCA |F-Chart| Options I CV Matrix I Info I Op

TiChart

Figure 26. Adding a class to Baclan.

Now you can add different sets of plates to build a Listeria innocua library (for example). To do this, please click EE
(add plates) icon. This will pop up a database control panel which displays all the experiments that you’ve conducted
and saved using the “Save to database” option (please refer to Figure 2-14 and 2-15).

Open Copy Renamel Delete Plate Sieve I Save as Class | Purge Experiment | Cancel I

Source |ocal Destination I -

Experiment IAJI j Search MAME I 10of 38 s selected

id [¥experiment [¥name [ incubation_time [date_tme [ colonycount | catalognumber | lab | media | source | user | o -
34 |newbaby validatio | ecoli 33023 DB nasty 10h 2012-12-20 10:08:11 |24 NA pud |TSB Wanner |ebae |1 D
35 |newbaby validatio | ecoli 38028 DB nasty 2 10h 2012-12-20 10:09:17 |18 NA pud |TSB Wanner | ebae 1
36 |newbaby validatio | ecoli 38028 DB nasty 3 10h 2012-12-20 10:11:21 | 12 NA pud | TSB Wanner | ebae 1
31 | newbaby validation | listeria PUS1 DB nasty p1 10h 2012-12-20 14:19:19 | 117 NA pud |TSB \Wanner ebae |1
32 newbaby validatio | listeria PUS1 DB nasty p2 10h 2012-12-20 14:25:22 | 121 NA pud |TSB \Wanner ebae |1
33 | newbaby validatio | listeria PU91 DB nasty p3 10h 2012-12-20 14:32:07 |54 MA pud | TSB Wanner ebae |1
I — ay L 2iz-ia im0 (8 (WA lpud [sger emie e 7]
38 |NA Listeria PUS1 test babay p2 11h 2012-12-20 14:40:42 |50 NA pud | agar Jennie | jpr 7
30 | NA test 17h 2013-01-24 10:50:54 | 50 NA pud | agar Jennie | Esther |7
18 |NA Efaecium PU92 baby plate1 34h 2013-01-2501:00:22 |8 NA pud |TSB PUCL Jennie |7
21 (NA Efaecium PU22 baby plate1 HOR. 34h 2013-01-2501:02:34 |8 NA pud |TSB PUCL Jennie |7
25 NA Efaecium PUS2 baby plate2 HOR. 34h 2013-01-2501:04:30 |7 NA pud |TSB PUCL Jennie |7
22 NA Efaecium PUS2 baby plate2 34h 2013-01-2501:05:34 |7 NA pud |TSB PUCL Jennie |7
26 NA Efaecium PUS2 baby plate3 34h 2013-01-2501:06:33 |10 NA pud | TSB PUCL Jennie |7
29 | NA Efaecium PUS2 baby plate3 HDR 34h 2013-01-2501:07:17 | 10 NA pud | TSB PUCL Jennie |7
2 NA Citrobacter freundii baby plate 1 34h 2013-01-2501:33:48 |21 NA pud |TSB PUCL Jennie |7
7 NA Citrobacter freundii baby plate 1 exp719 34h 2013-01-2501:35:29 |21 NA pud | TSB PUCL Jennie |7
6 NA Citrobacter freundii baby plate 1 HOR 34h 2013-01-2501:36:39 |21 NA pud |TSB PUCL Jennie |7
14 |NA Citrobacter freundi baby plate2 exp719 34h 2013-01-2501:41:22 |21 NA pud |TSB PUCL Jennie |7
8 |NA Citrobacter freundi baby plate2 34h 2013-01-2501:4406 |21 NA pud |TSB PUCL Jennie |7
13 |NA Citrobacter freundi baby plate2 HDR 34h 2013-01-2501:44:56 |21 NA pud |TSB PUCL Jennie |7
16 NA Citrobacter freundii baby plate3 HDR 34h 2013-01-2501:46:58 |19 NA pud | TSB PUCL Jennie |7
15 NA Citrobacter freundii baby plate3 34h 2013-01-2501:48:22 |19 NA pud | TSB PUCL Jennie |7
17 |NA Citrobacter freundii baby plate3 exp719 34h 2013-01-2501:49:24 |19 NA pud |TSB PUCL Jennie |7
20 |NA Efaecium PU92 baby plate1 25ul HDR 34h 2013-01-2502:09:51 |5 NA pud |TSB PUCL Jennie |7
19 |NA Efaecium PU92 baby plate1 25ul 34h 2013-01-2502:12:36 |5 NA pud |TSB PUCL Jennie |7
23 NA Efaecium PUS2 baby plate2 25ul 34h 2013-01-2502:13:52 & NA pud |TSB PUCL Jennie |7
24 | NA Efaecium PUS2 baby plate2 25ul HDR 34h 2013-01-2502:1429 & NA pud | TSB PUCL Jennie |7 _
le" - et 4 mmm tme £ e T o - =

Figure 27. Adding plate data into a class using Baclan.

You can click the data set and click “open” on the top left corner.

© Copyright 2016 Doclu LLC. This manual is provided to the USDA under a MTA and cannot be distributed or shown to outside parties. Page 33 of 44



2.0perating the Instrument BEAM User Manual Version

) BaclAn 1000 B N L 0 i W Y -
2 Training Mode ’ | soverie | smecs

@ 117 (100%) Listeria innocua |  Training Set }Test Set |

117 Total
_ — @ @ /\} x @ Number |Class Prob % ¥ Diameter |Roundness
Cl Ll " e

El- Listeria innocua

i.-listeria PU1 DB nasty p1 10 h 2 Listeriainnocua | 0.00 -17.28  -28.38 1.34 1.03
3 Listeriainnecua 0,00 -9.77  -22.93  L17 0.93
4 Listeria innocua | 0.00 -12.66 -16.83 1.15 0.50
5 Listeriainnocua | 0.00 -9.25  -15.43 0.96 0.94
6 Listeria innocua |0.00 -6.94 -14.33 1.14 1.07

j Features | Classifiers | Histogram PCA ]Fchartl Optians | v Matrix | Info | Openct |

TChart

MNOO1 NO02 NOO3 NOO4 MNOO0S NOO& N

Figure 28. After adding plate data into a class using Baclan.

Figure 3-5 shows the class (Listeria innocua) and plate (Listeria PU91 DB nasty p1 10h). You can continue to add more
plate data and/or add different class to build the entire library.

@ Baclan 1000 B N L . W Y - -
iz Training Mode (2 [local EREEaE

Training Set h&st set |

@) %. @ X | I@ Mumber |Class [Prob [X Y Diameter [Roundness |CenterX |CenterY

[ Listeria innocua

oli
Total

listeria FUS 1 DB nasty p1 10 h 2 Ecol 0.00 -28.22 2092 117 (093 255 255
listeria PU91 DE nasty p2 10 h 3 E.col 0.00 -5.83 |19.53 |100 102 255 255
-listeria PUS 1 DB nasty p3 10 h
5 E.col 4 Ecoi 0.00 1435 1664 102  |0.87 255 255
+ecoli 38028 DB nasty 10 h 5 Ecol |0.00 252 491 102 1.05 255 255
ecoli 38028 DB nasty 2 10 h
-ecoli 38028 DB nasty 3 10 h 5 Ecol 0.00 3.38 |3.46 |0.90 103 255 255
7 Ecol 0.00 257 |7.37 (115 108 255 255
B Ecol 000 202 220 (101  |0.84 255 255

Calony | ﬂ Features | Classifiers | istogram | PCA | F-Chart Options | cv Matix | Info | apenct. |
I~ AutoMode I~ Colorify Scatter
Auto Load Model File Name

| =l

Maximun number of Samples in RAM [V Ask For Relink
If Windows shows "Out of resources™
try to reduce this number and [ IgnoreDB Eey Value

restart the program y
prod [ show grid searcinreal tme  |File Version

3000 > Product Version 1.0.0.0

v| Tn memnry 246 Total: 346 [ I | &l

MO01 Net Connected te DB

WENI= 1 © el T

Figure 3-6.After constructing and |mport|ng data for “two class” library.
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Figure 29. shows the result after adding two classes (E.coli and Listeria) and each class contains three
different experimental data sets (plate scan data).

T

7

Please click ' (teach) icon. After this action, Baclan will train the fingerprint library to figure out the optimum
classifier based on the given parameters (Zernike and Haralick). When the training is completed, the grid search results
will be shown which defines the optimal parameters. If you click the CV Matrix tab, it will provide the cross-validation
results that can be used as a test result for the performance of your constructed library.

Qeonmiee . TS WSS 0 O TEEE EE0Z0"SSSE

@ 10 (100%) E.coli | Training Set \Testset\
1 Total
_% % @ x | I @ Number [Class ‘Prnb |x ‘v |Dlameher ‘Rnundnass |Center}{ ‘c
= ! : 1 Ecoi 0.00 3334 704 L4 087 255 2

£l Listeria nnocua
. listeria PUS1 DB nasty p1 10h 2 Ecoi 0.00 822 2082 |L17 093 255 2
i listeria PUS1D8 nasty p2 10 h 3 Ecoi 0.00 -5.83 1953 |L00 102 255 2
- listeria PUS1 D8 nasty p3 10 h

& E.col + Ecoi 0.00 1435 1664 (102 087 255 2
ecoll 38025 DB nesty 10h 5 Ecof 0.00 (252 481 102 1.05 255 2
i+ ecoli 38028 DB nasty 2 10h
- ecoli 38028 DB niasty 310h 5 Ecoi 0.00 338 346 0.80 103 255 2

colony |

% Training Mode (D Jlocal d el
|

[2] Features Classifers | vistogram | PcA | F-Chart | Options | cvMatrix | Info | Openct |

Classifier =@ 99.709
 None 3 = a2
J 5 t Vector Mashi E = 4t
© Support Vector Mashine 3 9312 . -
5- e T J Features ] Classifiers ] Histogram ] PCA ] F
= o #5178
SVM Options B B 86531 -
e m 54554 ; p oe Exl:"]rt | n+ald |5 T{

Listeria innocua  |E.coli

Listeria innocua  £99.2 0.8

NOO1 NO02 NOO3 NOO4 NO0S NOOS 007 E,|:|]|i 4.2 95,8

Figure 30. After the training is completed.

After the training is completed, please save the result by clicking the H (save model) icon. This action will ensure
that all the training data are stored so that you do not have to re-train the library for this model.
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3.2 Classification

After the training is completed, now you are ready to perform the classification. If you click the Test Set tab, the
program will switch to test mode. If you are starting a new instance, you will need to open a training set model from the
saved model.

@ Baclin 1000 B X -—
[z Test Mode

local e Save Flate Save Class
Training Set TES(SE(I
WY Number [Class [Frob [x 7 Dimeter [Roundness [Center X [Center ¥
o == v

- Listeria PUST test babay p1 11h
+ NfA 000 9.3 306 110 094 255 255
5 NfA0.00 12.86 375 103 0.82 255 255
5 N4 0.00 1048 628 10 081 255 255
Colony | | Features | classifiers | Histogram | Pca | F-chart | options ¥ Matrix | nfo | openct. | Calculating Zernike
1 = SinfCos tables =0
W % Export nFoid [s = reps [0 = Recalc | Double Recursion
Zernike Polynomial
Listeria innocua ‘E‘Eulw ‘ e
Listeria innocua 99,2 f08 Done
E.col a2 95.8

N0 102 NOO3 HoD4 NODS NODE HoO7

Not Connected to DB

g (o] L EE

Figure 31. Screen shot for a test mode.

Now click (add plates) icon. In test mode, adding plate means you are importing the data that you need
to classify. This icon will open the database control panel again and you need to select the correct dataset that
you want to classify.

) Database Control Panel BN L .9 N =
I Model Open | Copy | Rename| Deld Open | Copy | Rename| Delete Plate Sieve | Save as Class | Purge Experiment ‘ Cancel ‘
d_[yname | Update Time Source |ocal Destination ‘ j
1 Listeria innocua_E.coll 38028 | 2013-03-12 1010
Experment [Al | searchnave | 10f 38 is selected
id_[¥experiment |¥rame | incubation_time |ydate_time | [1ab [ media [ source | user [ ¢
34 | newbaby valdatio | ecol 38028 DB nasty 10h 2012-12-20 10:06:11 | 24 NA pud (158 | Wenner ebse |1
35 | newbaby validatio | ecoli 38028 DB nasty 2 10h 2012-12-20 10:09:17 | 18 NA pud |TS8 | Wenner ebae |1
3 | newbaby valdatio | ecoll 38028 D8 nasty 3 10h 2012-12-20 101121 | 12 NA pud |TS8 | Wanner ebae |1
31 | newbaby validation | listeria PU31 DB nasty p1 10h 2012-12-20 14:19:19 | 117 NA pud |TS8 | Wanner ebae |1
32 newbaby vaidatio | listeria PUSL DB nasty p2 0h 2012-12-20 1% 121 A pud |TSE | Wanner ebze |1
aby validatio | listeria PUS1 DB nasty p3 54 NA pud |TS8 | Wanner ebae |1
Vol O T— T . 7]
Listeria PUS1 test babay p2 11h 2012-12-20 14:40:42 | 50 NA pud | agar 7
g | EmiD test 17h 2013-01-24 10:50:54 | 50 NA pud |ager | Jenmie | Esther |7
18 |NA Efascum PUS2 baby platel 34h 2013-01-2501:00:22 |8 NA pud |TS8  |PUCL  Jemmie |7
21 |NA Efaecum PUS2 baby plate1 HDR 34h 013-01-2501:02:34 |8 NA pud (T8 |PUCL | Jemnie |7
id_[wname | update Tme 25 |NA Efaedum PUS2 baby plate2 HOR 34h 2013-01-2501:04:30 |7 NA pud |TsB PUCL | Jemnie |7
3 | Ecoli 2013-03-12 10:0¢| (20 | NA Efaecum PU92 baby plate2 34h 2013-01-2501:05:34 | 7 NA pud | TSB PUCL Jemnie |7
1 |Efeedum PUS2baby platel |2013-02-21 11:27) |35 | A Efaedum PUS2 baby plate3 34h 2013-01-2501:06:33 | 10 NA pud | TSB PUCL |Jennie |7
2 | Listeria innocua 2013-03-12 10:0¢| (79 NA Efaecum PUS2 baby plate3 HDR 34h 2013-01-2501:07:17 | 10 NA pud |TSB PUCL Jemie |7
2 |NA Citrabacter freundii baby plate1 34h 2013-01-2501:33:48 |21 NA pud |Ts8 |PUCL | Jemmie |7
7 NA Citrobacter freundii baby plat=1exp719 34h 20130125 01:35:29 |21 NA pud (S8 |PUCL  Jemmie |7
6 |NA Citrobacter freundii baby plate1 HDR 34h 2013-01-2501:36:33 |21 NA pud |Ts8 |PUCL | Jemnie |7
14 |NA Citrabacter freundii baby plate2 exp719 34h 013-01-2501:4L:22 |21 NA pud |Tss PUCL  Jemmie |7
8 |NA Citrobacter freundii baby plate2 34h 201301250 21 NA pud (TS5 |PUCL | Jemie |7
13 |NA Citrobacter freundi baby plat=2 HDR 34h 201301250 21 NA pud |TS8 |PUCL | Jemmie |7
15 |NA Citrobacter freundii baby plate3 HDR 34h 20130125 01:46:58 | 19 NA pud |Ts8  |PUCL | Jemnie |7
15 |NA Citrabacter freundii baby plate3 34h 013-01-2501:48:22 |19 NA pud |Ts8 |PUCL | Jemmie |7
17 |NA Citrobacter freundii baby plate3 exp713 34h 013-01-2501:43:24 |19 NA pud (TS5 |PUCL  Jemmie |7
2 |NA Efaecum PUS2 baby plate1 250l HOR 34h 2013-01-2502:09:51 |5 NA pud |Ts8 |PUCL | Jemnie |7
19 |NA Efascum PUS2 baby plate1 2501 34h 0130125021236 |5 NA pud |Ts8  |PUCL | Jemmie |7
23 |NA Efaecum PUS2 baby plate2 250l 34h 2013-01-2502:13:52 |6 NA pud (TS5 |PUCL | Jemie |7
24 |NA Efaecum PUS2 baby plate2 250 HOR 34h 0130125021429 |6 A pud |TS6  |PUCL  |Jemnie |7 _
‘ (] v

Figure 32. Database control panel.
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After you open the data, please click Sj=

training data.

(classify) and the classifier

will compare the test data against the

{2 BaclAn 1000 b Y i i Y ol =T
'3 Test Mode & [local o et | smeoms Q
@ 47 (100%) Listeria innocua | Training Set  Test Set ]
7 Total
(g Number |Class Prob X Y Diameter |Roundness |Center X |Center ¥ -
o B8 | W
Listeria PUS1 test babay p1 11h
2 Usteriainnocua | .00 -13.45 -L06 125 089 255 255
3 Usterainnocua 0.9 -5.07  -L53 | L08  0.93 255 255
4 lsteriainnocua | 100 9.3 306 L1004 255 255
5 Usteriainnocua | 100 -12.86 3.75 |L03  0.92 255 255
5 Usteriainnocua 0,97 -10.48 6.28 |10 081 255 255 o
Colony | | Features | Giassifiers | Histogram  PCA | F-Chart | Options | cvMatrix | nfo | OpencL | Feature extracton started -
Calculating Zernike Polynomials
SinfCos tables = 0,33
Tchert Double Recursion = 0.00
W A Zernike Polynomials are done
L iR a"” Feature extaction ended
8 & SVM dassification started
. Py 5VM dassification ended
4
|
2
o L o) e % g ]
o -]
& o [ B m L
-2 i 3
0 22 a8y B 138540 ¥4430 11 2720 72 T

mEs

NoO1 Noo2 NoO3 Noo4 NoOS o0 Noo7
Testis done Not Connected to DB
1 |
d = =
) BacAn 1000 b Y i i
g Test Mode & llocal e T o
Training Set TestSetl
@ Sy @X | I @ Number ‘C\ass |Prob ‘x ‘v |D|amer.er ‘Raundness ‘Cenberx |Cem:er\’ ‘ -
ot BEH| W 10 E.col 0.65 27.13 1230 0.55  0.95 255 255
—Listeria PUS1 test babay p1 11h
\.-Ecoll 38028 testbaby p3 11h 1 E.col 0.9 1805 0.30 105 101 258 255
2 Ecl 0.95 -18.86 -19.20 124 0.8 258 255
13 E.col .54 1166 1853 0.5  D.81 255 255

Pmmmﬂmwm

Colony ]

[«] Features | Cassifiers | Histogram PCA | F-Chart | Options | cvMatrix | mnfo | Openct |

Feature extraction started
Calculating zernike Polynomials
SinfCos tables = 0,34

Double Recursion = 0.00
zernike Polynomials are done
Feature extraction ended

TChart
10 "
]
h. m
8 °
6 %
@

.'--'@‘%&%ﬁ%%o go o-.: L

SVM dassification started
SVM dassification ended

o 22 &P9 b 138540 ¥4430 11

Not Connected to DB

Test is done

| ©

A

Wl
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Quick start procedure

In this section, we will present a quick start procedure to operate the instrument. If you need detailed
explanation and information on each menu and options, please refer to the previous section, standard
operating procedure.

Quick start procedure

Step Actions

1 Turn on the power of the BEAM (switch on back). Double click on the BEAM shortcut
i

A N
k=

—and wait for the initialization step.

2 Place a petri-dish on the sample holder with lid facing upward ONLY. NEVER place
inverted petri dishes into the unit.

3 oy
Click the colony locator command “E
locator panel.

and wait for the results on the colony

4 Check other options (colony diameter, scanning method etc.) for correct settings.

5 Using de-select tool, click any un-necessary colony-like spots that are positioned
around the edge of the petri dish.

Click the ELS capture command E“E . You will see the scanning route displayed on

6
the colony locator panel and ELS capture screens will display the ELS patterns as they
are collected.

7 Once the scanning is complete, save the data using H

3 Once all of the scanning is finished, park the instrument using &

e —
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4. Operation of the remote monitors

Remote monitors are a stand-alone tablet-style computer that has an IP65 rated which is good against any
accidental water/liquid spill that can happened during the normal sample preparation inside the hood of the
microbiology laboratory settings.

Figure 35. Picture of the remote monitor.
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The main function of the remote monitor allows user to pick a particular colonies for further biochemical/DNA analysis
without hassle. Once the plate is scanned and their scatter patterns are saved in the database, you can take the plate
into the hood and place them on top of the remote monitor screen.

Microbiology hood

§
<
H

Router

BEAM instrument

Picking colony

Remote monitor

Figure 36. Concept of the remote monitor for BEAM.
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Figure 37. Screenshots that shows the imported plate data which includes colony location and scatter patterns.

e
© Copyright 2016 Doclu LLC. This manual is provided to the USDA under a MTA and cannot be distributed or shown to outside parties. Page 41 of 44



2.0perating the Instrument BEAM User Manual Version 1.0

Once the colonies are picked, user can click the diamond-shaped button to mark them off.

R

—
S
@

Figure 38. After scooping up the colony, users can mark the diamond -shaped button to mark them.
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Notice: Users operate this instrument at their own risk. No warranty is offered or implied as to the accuracy of any of the algorithms. This instrument is a prototype
and represents technology under development. By operating the software and hardware, the user accepts this agreement.
This page intentionally left blank.

© Copyright 2016 Doclu LLC. This manual is provided to the USDA under a MTA and cannot be distributed or shown to outside parties. Page 43 of 44



2.0perating the Instrument BEAM User Manual Version 1.0

This is the last page of the document.
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