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JTechnical Notes

NIS-Elements: Binary Masks and Regions of Interest: The
Pillars of Quantitative Imaging Analysis

Many basic quantitative imaging analysis questions can be _
: . . . . Note number: 0011
addressed with two functions: the creation of a binary masks | p.ic: 22010

and regions of interest (ROIs). These operations are Date Modified: 2/2010
available in most quantitative imaging packages. Software Version: 3.1 SP2
Screenshots in this note are captured from Nikon’s NIS- Package: AR

Modules: 2D tracking

Elements Advanced Research package.

What is the image analysis question?

Common image analysis tasks that can be easily tackled with binary masks and ROIs
are the following: What percentage of probe A is in the treated vs. control condition?
What is the change in probe A overtime or due to an antagonist? What is the intensity of
probe A in various cells that move and change shape over time? What is the
percentage of three probes across the tissue sample? What is the percentage of image
that contains both probe A and probe B?

In all of these cases, the binary mask and the ROI are the main tools for the
solution.

What is a binary layer or mask?
Every digital image is a collection of pixels with varying level of gray values,
representing the signal of the background and the signal of the sample.

Figure 1

In Figure 1, the background intensity level is represented in purple and the signal is in
the blue/ green/ red shades.

For image analysis, it is critical that the intensity of interest/ signal is delineated. In some
cases, it may also be needed to delineate the background as well. In order to “mark” or
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input to the software what portion of the intensity histogram is of interest,
a threshold, which will create our binary mask or layer.

Figure 2
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In Figure 2, the area of the histogram that is gray is the range of intensity values from
the image that are determined to be of interest for the analysis question. Further image
analysis steps will use this masked area.

Once a binary layer (mask) is created, several options “open” up in image analysis
software. Now, it is easily to retrieve intensity statistics of the thresholded area. As seen
in Figure 3, area, intensity measurements and area fraction (percent area) are all
accessible and exportable. In addition, many measurement features can be calculated
across the binary layers.

Figure 3

ROI Statistics
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Feature I Whole Image J Binary ]
Area [im?] 531085.64 306351.37
Mean Intensity 1348.84 2769.86
Min Intensity 300.00 1245.00
Max Intensity 12178.00 12178.00
Sum Intensity 606745696.00 524348416.00
StDev Intensity 1540.53 1438.58
Signal/Background 30.58:1 9.20:1

Are Fraction: | 57.684%  Selected ROIs:
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In the case of a dataset that has two channels overtime, creating multiple binary layers
is also possible. In Figure 4, two differing binary layers were created over the timelapse
dataset: one for the red channel and one for the green channel.

Figure 4
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Once multiple binary layers are generated, the binary operations can also been added
to the analysis. In this case, we will assume the question is ‘What is the percentage of
the image where red probe and green probe are both present?” The intersection of the
red binary layer and the green binary layer will identify where a pixel is both in the red
channel and the green channel. As shown in Figure 5, the intersection binary layer
yields an AreaFraction of 10.5%. The intersection of the two original binaries can also
be run over time to examine how this percent area changes over or across stage
positions or Z positions.
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Figure 5

|_5|2 color timelapse.nd2® T{1/172): 234.387 msec

i x - BBG e = 5] S [@[E 1 @ @ s
.
Binary Layers x
H % | I
Binary Layer Color

Working Layers

Threshold Mcherry -

Threshold GFP hd
Stored Layers
Intersection _ A

s .
Threshold Mchemy Threshold GFP Intersection
m

(1] - (8 Epon|-| G|

Feature | Whole Image ‘ Binary
Area [px?] 44385.00 4719.00
Mean Intensity 5720.43 11355.22
Min Intensity 3108.00 5354.00
Max Intensity 15879.00 15760.50
Sum Intensity 256761673.50 53585292.50
StDew Intensity 2637.60 1973.45
Signal/Background 487:1 293:1

Area Fraction: | 10,514 % Selected ROIs:
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Adding ROIs into the image analysis solution

Building onto the binary layers, ROIls specify the specific area of pixels of interest from
an image or a multi-dimensional dataset. In biology, many ROIs are hand drawn as
opposed to very perfect circles or square shapes.

Figure 6

However, there are several tools that help in automating the ROI creation.

Binary layers and ROlIs are linked very closely in some software. Within NIS-Elements,
it is very convenient to move or copy the binary to ROI. This uses the thresholded area
and creates the ROI around the object.
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Figure 7
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As before when the binary layer was created, the ROI creation also “opens” up several
other automated measurement options. Revisiting a previous dataset, with an ROI
created from the binary layer, it is possible to now answer “What is the percentage the
cell has both the red and green probe at each pixel?” Using the both the binary layer
and the ROI provide a method to determine that 25.3 % of the cell has pixels with both
the red and green probe.

Figure 8
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ROI Statistics
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Feature | ROT | Binary |

Area [px] 18298.00 4630.00

Mean Intensity 8115.00 1144479

Min Intensity 4034.00 5390.50

Max Intensity 15760.50 15760.50

Sum Intensity 148488333.00 52989375.00

StDev Intensity 2659.04 1947.94

Signal/Background 372:1 281:1
Area Fraction: | 25,303 % Selected ROIs: 11

Many cells (or ROIs) naturally move, change shape, and change intensity over time.
NIS-Elements software also has tools for linking ROIs with 2D Tracking.
NIS-Elements tracks the cells or objects. It is then possible to create a binary layer or
ROls using the tracked data as shown in Fig. 9. The ROIs will change shape and size

accordingly over time in order to more accurate and efficiently capture the quantitative
information.
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Figure 9

Tracking |
U Define New... ‘ZEDefine All.. Ji* Track Manually = Track Automatically %= Edit Objects “4ERedsfine =2 Binary to RO .-
e ——————————————| L [ d
I3 13 Fadks: = == -
Index | MName Color
[d1  object1 I - -
Fz  objecz . -

4:00.211

More examples of the varied use of ROIs

In the case of a calcium wave across the cell over time, ROIs assist in intensity

quantification over time.
Figure 10a Figure 10b

When ROls are drawn side by side on the dataset and analyzed over time,
quantification of a fast, fleeting event across sections of the cell is possible.

Figure 11
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In the case of a sample or colony that grows and expands over time, using concentric
circular ROIs can help determine areas and intensity.

Figure 12

Figure 13

A variety of quantitative image analysis solutions utilize the binary mask and ROIs. For
more details on either binary masks or ROIs and use with other software functions,
there are several NIS-Elements ‘How To’ technical notes that are available.
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