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1.0 Introduction

1.1 Scope

This documentation is a growing set of walk through examples of analyses using the MAMA V2.0
software. It does not cover all the features or possibilities with the MAMA software, but will address
using many of the basic analysis tools to quantify particle size and shape in an image. This document will
continue to evolve as additional procedures and examples are added. The starting assumption is that the
MAMA software has been successfully installed.

2.0 MAMA ANALYSIS EXAMPLE PROCEDURES

2.1 PROCEDURE Q1: Basic Quantification & Report

STEPS IMAGES

1. Start MAMA.

The MAMA ’ | e ]
windows will be ) '
stacked on top of ( e

each other. - . L ‘
Arrange them to ' i
fit your screen —

and preferences.
Resize the image

window to make
it bigger.
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2. Inthe main
MAMA window,
click File>New
image—~>

Find and select
image
“trainingimageQ
1.tif”

(should be a
training data
folder that was

installed with the

MAMA software)

3. Inthe MAMA

window, click

Window~> Show

Metadata.
Enter a Sample
ID into the
metadata top
field.

! =1(You can add other info as well.)

4. In the Image
Tools window,
Click

Analysis—> Ruler

Enter

485 pixel and 70
Om into the
bottom fields,
then click close.

0 1mage Tools HE E3

image Edit Select

(2 /10l

Segment

Zeale: 1 piels / % um
Sise : 1026 by 738

[ Ruler [_ [ x]

Location

x [54 p v[s11 |p

Line Length
I um
Draw Line
Texture - Pattern Length

1 um

Scale Bar - Pixels to Physical
1 plt um
One Click |  Draw Line

Close

[ Ruler !Em

Location
X [99 p v[5 p

Line Length
um
Draw Line
Texture - Pattern Length

1 um

Scale Bar - Pixels to Physical
fes  pfd  um
One Click Draw Line

Close

Note: in this image, the scale was in additional metadata, rather than in a displayed
scale bar, so we are just entering it here.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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5. Use the
magnifying glass
icons and red
slider window to
make sure the
image is fully
displayed in the
image window.

[l Image Tools
Image Edit Select Analysis Wind

6. Segment the
particles:

The goal here is
to segment out
and the three
large particles for
analysis. We are
not going to
worry about the
little ones in this
example.

Click analysis>
segment.

This will pop up
the segmentation
slider window.

Leave the setting
on Smoother and

[l Segment [_ 3] x]
o —T]

Type: [Smoother v

R [V Preview

Appy | cancet |

Type: ]Smoother

[V Preview

Appy |

Cancel

adjust the slider
to a setting of
0.880. Click

Apply.

The particles will
be slightly
oversegmented,
but separated.

At first, the image will be
covered in red segments
(it will be over-segmented— this

is not shown here.)

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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7. Clean up

segmentation of

particles.

Select the B 3

bounding box Image Edit Select Analysis Window

tool and drag a lkjjl AL lelogl

bounding box _Jﬂ;\]_lﬂ

around the
center of the
middle particle.
This will select
most of the small
inner segments.

Click on any
additional sevie: 18 piese /70
segments in this

particle that are
not selected (red
highlight).

(note: if you
accidently select
or click
something you
don’t want as
part of the
particle, select
the hand tool to
click
select/unselect.
Example in next
step.)

The RIGHT CLICK
in the particle
that is
highlighted and
select MERGE.
(You can repeat

Do ahaing JlGlCIIICIIL

under the Department of Energy contract for the management and operation of Los Alamos National Laboratory. 6
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the merge as
often as needed.)
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Repeat with the
other 2 particles.

In lower particle,
box the small
segments in the
particle and
right-click merge.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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In the upper
particle,

Select bounding
box tool, and box
a region that
goes outside the
particle in the
upper left. (This
gets all those
little segments at
once!) However,
it also selects the
background.

Select the hand

‘Drag Select’ tool.

This allows you to
click and select
on any

segment to turn
it on & off Click
in the
background to
unselect it.

If the particle
looks complete,
right click>
merge.

Image Edit Select Analysis Window

5  w||Basground

| o|i8

Scale: 485 pixels / 70 um
Size : 1024 by 758

N AV N =1

v

NQ

o

Note: if you make a mistake, you can click EDIT=> undo (XXXX) in image tools,
where XXXX will be the name of the last step. If you have done a lot of clicking, it’s
all saved as edits, so it might take a while to undo back to a critical step like a merge.
You can see the steps that are saved in the workflow window

(window—>show workflow) to see how many steps you’d need to undo, but you can

only undo one step at a time.)

(You could have used the drag-select tool instead of bounding boxes to select all

the segments to merge, but that takes a lot longer...)

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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8. Clean up
segments on
everything else:

Click the hand
drag-select tool,
and click on the
three particles to
highlight them.

In Image tools,
click
Select>select
inverse set. This
will select inverse
set for
highlighting.

Right click
somewhere in red
highlighted region
and merge.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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9. Label the
particles

Use the handdrag
select tool to
select the 3
particles.

Right click >
Label

This brings up the
label window.
Select New Label.
Enter a namein
the top field,
then click ok.
(use the color box
to select a color
for the particles)

Foreground

Background Color: _

[rab =
(784 |
—
—

WF1 v
OK Cancel

|Large Oxide| Color: > B
b ¥
Background LB

Foreground 0.000
Large Oxide o |

1.000

Label Set:
WF1 v
New Label OK Cancel

Note: you don’t have to label the particles...sometimes it is easier to label
everything else, and just use the particles as “unlabeled.”

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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10. (Optional)
Add Descriptors.

MAMA Window~>
Show
Descriptors.

(0N Mama (ver 2.0) Hi=1E3

Use the term list
at bottom to
assign them to a
labeled set of
particles, then use
the arrows to add

terms to selected . —F —
IiSt Associaledwith [Large Oxce  [¥]  OK L
Click OK. /

Note: Selected terms will now show up in the middle right hand window of the main
MAMA window frame. Full definitions of terms are in separate document.

11. Prepare to
Quantify —[[x]| Attributes: Selected:
Image Edit Select FUEIEEE Window Vector area
Convex hull area
. BJ ﬁj/_llﬁl_ 2;,{“‘ Pixel area
Select Ana Iyms% s w|[tmeonie  quantity \ég%t\?éxpﬁsﬂn;éﬁ%
. i N
Options—> wif O Bk D [Etse penmeter
Quantification 0 of Maijor ellipse
. ﬁ Minor ellipse
options. Use the Ellipse aspect ratij{?S
Diameter aspect r:
arrows to Circularity
Perim convexity
remove Area convexity E]
. Hiut moment 1
attributes, or add Minimum Size
them back in. 0 RES
IV Correct for vector bias
Scale: 485 pixels / 70 um

The default is ALL attributes, bias correction on, but you can change to other settings.
It is probably best practice to always check since these settings will change
quantification results.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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12 Quantify

In Image tools,
select Analysis>
Quantify.

In the Choose
Sets Window,
select the name
you chose for the
particles and
remove
‘unlabeled’ from
the selected sets.
Click OK.

image Edit Select Window

LI Aol olo
[ Semonr =
Choose sets
Candidates:
Background
Foreground
Unlabeled

Scale: 485 pixels / 70 um
Size : 1024 by 758

Selected:

>

Large Oxide

The list of
attributes will
pop up in the
Particle Analysis
window.

Click on any
attribute to see
the particles
individually.

Click on a particle
to highlight it in
an image.

You can sort
these by particle
(segment) rather
than by attribute.

s

I~ Organae by segment

Fommasromen_osw seecom | S1egme el e

[N particke Anal =] E3

1 rgane by segment. Coar seections | 3 segments B QQ] oo

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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[l partidle Analysis !E]m
. [ Vector area Mean: 1.73e+003um*2 SD: 2.05e+002um"2 Min:1.44e+003um*2 Max: 1.30e+003um"2 A
Click on the [ Convex hull area Mean: 1.81e+003um"2 SD: 2.40e+002um™2 Min:1.48e+003um™2 Max: 2.04e+003um~2
ElPixel area Mean .05e4002um*2 Min:1.44e+003um"2 Max: 1.90e+003um"2
Report symbol to 003um2 Pliz
1.44e4003um™2 P113 Loc: 832, 536
export your 1.90e+003um"2 P114 Label: 2  Loc: 334, 210
[l Vector perimeter Mean: 1.73e+002um SD: 1.82e+00lum Min:1.40e+002um Max: 1.94e+002um
report. [ Convex hull perim Mean: 1.54e+002um SD: 1.17e+00lum Min:1.38e+002um Max: 1.66e+002um
FEllipse perimeter Mean: 1.50e+002um SD: 9.93e+000um Min:1.36e+002um Max: 1.59e+002um
Type in afile @ ECD Mean: 4.68e+00lum SD: 2.84e+000um Min:4.28e+00lum Max: 4.91e+00lum
[ Major ellipse Mean: 5.14e+00lum SD: 3.94e+000um Min:4.72e+00lum Max: 5.66e+001um
name and [HMinor ellipse Mean: 4.36e+00lum SD: 3.50e+000um Min:3.9l1e+00lum Max: 4.76e+00lum
ElEllipse aspect ratio Mean: 1.18e+000 SD: 9.44e-002 Min:1.06e+000 Max: 1.28e+000
location. Add a [ Diameter aspect ratio  Mean: 1.15e+000 SD: 9.09e-002 Min:1.04e+000 Max: 1.26e+000
rcularity Mean: 7.34e-001 SD: 7.50e-002 Min:6.32e-001 Max: 8.1le-001
Jixt extension SO rim convexity Mean: 8.93e-001 SD: 2.86e-002 Min:8.55e-001 Max: 9.24e-001
rea convexity Mean: 9.58e-001 SD: 2.11e-002 Min:9.20e-001 Max: 9.75e-001
that it is easier u moment 1 Mean: 1.64e-001 SD: 2.90e-003 Min:1.61e-001 Max: 1.68e-001
u moment 2 Mean: 9.04e-004 SD: 6.20e-004 Min:9.82e-005 Max: 1.61e-003
for u moment 3 Mean: 7.55e-005 SD: 7.03e-005 Min:2.35e-006 Max: 1.70e-004
4 moment 4 Mean: 2.30e-007 SD: 2.36e-007 Min:2.53e-009 Max: 5.55e-007
5

other programs to Mean: -3.76e-013 SD: 3.90e-013 Min:-9.13e-013 Max: 1.25e-01j

use it. I Organie by segment _ Clear Sclecons_| 3 segments B Q| G oo

i Export complete

Hu moment

[ L

Click export.

A data file and a
File with the meta
data will be
created.

The files we generated are called:
trainingimageQlgold.txt & trainingimageQlgold.txt.meta.

Import these into excel for comparison. Please note that the particle order can change due to difference
in the exact steps taken during segmentation. Use the Particle analysis interface to be sure which
particle belongs to which quantification result when comparing.

Additional
Analysis steps
examples:

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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1. Import image
TrainingimageQ2
tif.

Then import a
segmentation file
for it:
traingingimageQ
2 fits

W imsge oo BBIE

=GN Edit Select Analysis  Window

Scale: 1 pixels / 1 um
Size : 1024 by 758

New Image EJ QJ g

Note: you can segment it yourself; we provided it to allow this to focus on other
steps in the analysis. TrainingimageQ1 also has a saved segmentation file you can
import for that image. You can export segmentations and save them for
performance testing or records.

2. Set the ruler:

Image tools—>
analysis—> ruler

Use the
magnifiers in the
image tool to
zoom in on the
scale bar in the
image window

Click Draw line
and draw a
straight line the
length of the
scale bar. Set
the
micrometers to
200.

Location

[ < Aol

s w||ssagound

@\’_.\] E Fiters »

= VizTool

Scale: 1 pixels / 1 wm
Sise : 2024 by 758

X |457 P Y |[726 p

Line Length
0 um

Draw Line

[ Ruler !Em

|

Texture - Pattern Length

1 um

Scale Bar - Pixels to Physical
One Click Draw Line

Close

[ Ruler !Hm

Location

x [oso  [p v |2 p

Line Length
i um
Draw Line
Texture - Pattern Length

1 um

Scale Bar - Pixels to Physical
465 pf20o] T |um
One Click Draw Line

Close

Make sure your

micron

looking at image window and not image tool window. Your
mouse wheel may also work for zoom.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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3. Clean up
segmentation:

Look around
image for
segments that
look wrong.

Click the particle,
right click, then
select segment.
Use the slider to
get the particle
split into two (and
not more than
two.) Click

Apply

Alternately,
manually split the
particles.

This can be more
effective in some
cases where
segmentation
algorithms do not
achieve the
desired split.

Click the line split
button, and draw
a line passing
through outer
edges of the
segments you
want to split.

For example, in center right of image, there is a particle that appears to be two

overlapping particles.

Image Edit Select Analysis Window

BJ v|Molol alglelo

_nmwe ng

Scale: 465 pixels / 200 um
Sisze : 1024 by 758

** Note: IF you think we missed too many small particles, for this training image we
generated the segmentation, quantified everything (>1000 particles) and then
selected all the particles that were less than 20 pixels. These were then merged back

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material

under the Department of Energy contract for the management and operation of Los Alamos National Laboratory. 16
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into the background for this example. You can segment them out, and you can
quantify them if needed, although uncertainty in size will become large.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material

under the Department of Energy contract for the management and operation of Los Alamos National Laboratory. 17
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4, Label particles
and background.

Use drag/click
hand tool to
select, and then
right click-> label.

j Color:

|relecli

rgb i
Background =
Foreground 0.173
Globular [0.039 |
square
radiatin 0.264

Not quantified ’
OTHER Label Set:

[wF2 ~|
New Label [,}) oK cancel
In this case, we labeled the
particles by gross morphology:
Globular, square, radiating.

We labeled reject category for
edge particles or particles too
overlapped.

5. Set
quantification
options:

Correct for vector
bias, 20 pixel
minimum, all
attribute.

And we added a label for a “other” particle that looked different.

Quantification Options
Attributes: Selected:
Vector area A

Convex hull area

Pixel area

Vector perimeter

Convex hull perim
Ellipse perimeter

ECD

Major ellipse

Minor ellipse

Ellipse aspect ratio
Diameter aspect ratio
Circularity

Perim convexity

Area convexity

A v

Hu moment 1 |
Minimum Size
20] pixels
1% CTgec( for vector bias
OK

6. Select particles
to quantify:

Candidates: Selected:
Background Globular
Foreground square
reject .1 |radiating
Not quantified OTHER
Unlabeled g

ok | cancel

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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7. See the B
quantification -
results

graphically.

Click the plot
icon.

BlGrayscale mean
ElGradient mean Mean: 6.69e+002 SD: 1.07e+

I~ Organize by segment ~ Clear Selections | 42 segments

Q| Of oo |

Select Y an X axis
features with
green arrows,
select log or
linear scale.

The dots are
colored in
groupings based
on particle labels
(but may not
match colors you
selected...they
are standard
order set.)

=)
=]
i
©
©
o

8.6e—001

7.5e-001

1.9e+001 1.7e+003

Z T
0y ’Area cofivexity X: |Pixel area (um'2)
0| 0]~ og ] ] L
Clear Sem,noﬂ

Attribute Evaluation

[ Start VizRank

Close

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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You can select
plot points, and
they will be
highlighted in
MAMA image
window. Click or
select by click
and drag a box.

(Note: if you drag

2.0e+001

Y: |Area convexity X:

\_"I’Log

Altrbute Evalual

3.5¢+003

[Convex hull area (um'2)
< frees

off the graph, the | cearsoesions =

no points will be

selected.

You can change

the attributes S

displayed, and
they will stay
highlighted in
other plots.

i JI
Clear Selections

:[Perim convexity X:[Area convexity

Attribute Evaluation

9.8e-001

[ Start VizZRank
Close

<D es

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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You can regroup,
relabel particles
as needed. You
can quantify on
any grouping. All
analyses will
show up in the
main window in
the Analyses
zone.

Click on an
analysis to open it
(opens particle
analysis window)

Analyses

Unlabeled

4

YTH

THER ¢@_|

8. Make
combined
analysis reports:
Click on an
analysis and click
the “+report”
button to add it
to a combined
report.

Add as many
analyses as you
want.

Add analysis from

Unlabeled, Globular, square, radiajing
uaze, . orHE SER

« |

[ —
momove | Esport e

Anawsis Report [

[T Analysis Report - 1]
rgu

o,
Remove | [ Epon |  ciose

1 E— ]
Lewmve || evot || oo |

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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multiple images.

Export to a TXT
file and import
into excel for
pretty plots.

A combined meta
data file is also
generated.

IWFID | AnalysisD | PartiD | Label |

Output file has Workflow ID, Analysis ID, part ID, and a numeric label ID to allow you
to sort/group as needed.

DHS Funding Statement: The Department of Homeland Security sponsored the production of this material
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