ProntoMask: User Manual
Version 1.0
May, 2000

SDC Information Systems
1212 South Naper Blvd - Suite 119
Naperville, IL 60540 - USA
Email: prontomask@mmorph.com



1 ProntoMask

ProntoMask is an interactive tool for image masking (image segmentation). It consists of two
tools, ProntoRegion and ProntoContour, which allow users to select and extract objects from
arbitrary backgrounds of still images.

1.1 Free downloading

Users can download ProntoMask from http://www.mmorph.com/prontomask. In order to get
a very important feedback from users, we are offering a free license for the time being. Since
it is possible to customize ProntoMask for a particular application, the feedback from users
is crucial to make it helpful for practical situations in a near future. We appreciate users’
cooperation in evaluating both ProntoRegion and ProntoContour.

1.2 Installation guide

ProntoMask comes with executable versions for three platforms: Solaris, Linux, and Windows.
To install ProntoMask in Solaris and Linux, type:

tar -xvzf prontomask1.0.tar.gz

In Windows, the WinZip program can be used for unpacking prontomask1.0.zip.

The installation procedure will create a directory called prontomaskl1.0 with ProntoRegion
and ProntoContour. The procedure to execute ProntoRegion (ProntoContour) in each plat-
form is as follows:

e In Solaris: type

cd ~/prontomask1.0/bin-sunos

prontoregion
or prontocontour.
e In Linux: type

cd ~/prontomaskl1.0/bin-linux

prontoregion
or prontocontour.

e In Windows: click on c:\prontomask1.0\bin-windows\prontoregion.exe
(c:\prontomask1.0\bin-windows\prontocontour.exe).



2 ProntoRegion

In ProntoRegion, image masking consists of drawing, interactively, lines inside and outside
the objects of interest. These lines partition the image into foreground and background,
respectively, where the foreground represents the mask.

2.1 Description

To mask an object, the user initially draws red lines inside the object and blue lines outside
(Figure 1a). ProntoRegion immediately responds by displaying the resulting foreground (Fig-
ure 1b) in the mask window. The foreground (mask) is formed by pixels most similar to the
pixels under the red lines. The rest of the image, called background, is formed by pixels most
similar to the pixels under the blue lines. The user can add or remove lines to improve this
result. In the illustrative example below, by adding a red line on the red shirt (Figure 1c),
the mask grows to include the shirt and trousers (Figure 1d). The process continues in this
fashion until the entire object is detected (Figures le-f).

2.2 Quick start

The masking process illustrated in Figure 1 is reproduced as follows. By the time the user runs
prontoregion, the image of the tennis player appears as default in the ProntoRegion’s user inter-
face together with an empty mask window. The user first selects the Preprocessing—Smoothing
1 option from the menu bar, and then move the mouse with the left-button pressed to draw
a red line on the tennis player’s head (Figure 1a). As response, the entire image will appear
in the mask window. To obtain the tennis player’s head only within the mask window (see
Figure 1b), the user should draw a blue line in the background as illustrated in Figure la. A
blue line is drawn by moving the mouse with the right-button pressed (or by moving the mouse
with both shift-key and left-button pressed). By adding the red line on the tennis player’s
shirt (see Figure 1c), most part of the tennis player will be extracted within the mask window
(see Figure 1d). To obtain the entire object within the mask window (as in Figure 1f), more
red lines should be drawn as shown in Figure le.

During the masking process, the user can undo drawn lines by a delete-key press. A specific
line can also be deleted by pressing the delete-key on it.

The final mask can be saved by going to the File—Save menu and selecting the alpha
channel option. Other alternative is to save the image together with the alpha channel as
shown in the mask window.

2.3 User interface

Figure 2 shows the user interface of ProntoRegion. On the top of this figure, the menu bar
has four items; File, Edit, Preprocessing, and Postprocessing; that work as follows.

e File:



() (f)

Figure 1: ProntoRegion process in a digital video frame where a tennis player is the object of
interest.

Open: Load image files.

ProntoMask supports images from various file formats (e.g. gif, tiff, jpeg, pgm,
ppm, bmp). We have provided ten images in this item, but users can also play with



their own images.
Save: Save the alpha channel only (the mask) or the image together with the alpha
channel.

ote that a mask saved in ProntoRegion can be loaded in ProntoContour.

Exit: Exit the program.

e Edit: Allows to clear out all drawn lines on the image.

e Preprocessing: Contains three options of image smoothing filters that may be selected
to improve performance of the method.

e Postprocessing: Contains three options of image smoothing filters that may be applied
to the resulting mask.

Figure 2: User interface of ProntoRegion.

Below the menu bar in Figure 2, there are six icons. By placing the cursor on the top of an
icon, a balloon indicates its action for a left-button press of the mouse. The two last buttons
on the right side switch between ProntoRegion and Zoom operation modes.

The list of actions and events associated with mouse and keyboard during the Zoom oper-
ation mode is shown in Table 1, which is also valid in the mask window. Table 2 shows a list
of actions and events for the ProntoRegion mode.



‘ Action H Event

Zoom in Left-button press
Reset zoom || Middle-button press
Delete-key press
BackSpace-key press
Zoom out Right-button press
Left-button press with
shift-key pressed

Table 1: Table of actions and events associated with mouse and keyboard during Zoom mode.
These actions and events are also valid inside the mask window.

| Action | Event |
Select an object point Left-button press
Select an object line Mouse motion with left-button pressed
Undo last marker (line/point) Middle-button press

Delete-key press

BackSpace-key press

Select a background point Right-button press

Left-button press with

shift-key pressed

Select a background line Mouse motion with right-button pressed
Mouse motion with shift-key and
left-button pressed

Delete a marker (line/point) Delete-key press or backspace-key
press on the marker

Switch between object/background marker | Return-key press on the marker

Table 2: ProntoRegion: Table of actions and events associated with the mouse and the key-
board.

Pronto onto r

In ProntoContour, image masking consists of tracing, interactively, all closed contours which
describe the boundaries of an object. Each contour encloses one region which defines a mask
that can be added to or subtracted from the final result. For a given image, multiple objects
can be defined at same time. The procedure to trace each contour is described next.

3.1 Description

To trace an object boundary, the user first selects an initial point on it. As the user moves the
mouse, a line connecting the initial point and the cursor is displayed in real-time (Figure 3a).
If the cursor is moved near the boundary, this line snaps onto it (Figure 3b). If the line



describes the desired boundary, the user deposits the cursor whose position becomes now the
new starting point. The process continues in this fashion (Figure 3c) until the user decides to
close the contour (Figure 3d).

Once a contour is closed, it can be modified by moving, inserting, and deleting points.

(c) (d)

Figure 3: ProntoContour process in a digital video frame where a tennis player is the object
of interest.

3.2 Quick start

The masking process illustrated in Figure 3 is reproduced as follows. By the time the user
runs prontocontour, the image of the tennis player appears as default in the ProntoCountour’s
user interface together with an empty mask window. The first point is selected by pressing
the left-button of the mouse on the top of the shirt as indicated in Figure 3a. By moving the
cursor, a line connecting the first point to the current position of the cursor will appear. If
the cursor is close to the boundary, as shown in Figure 3b, the user will see the line snapping
onto it. The user should fell free to place the cursor anywhere within the image in order to



verify the longest line which describes a desired boundary segment. To indicate that the line
presented in Figure 3b is a desired boundary segment, the user presses the left-button of the
mouse again. The line is frozen and the process continues in this fashion from the new starting
point (see Figure 3c). To correct any eventual mistake, previous selected lines can be undone
by a delete-key press. By the time a point is selected on the top of the tennis player’s head,
the user presses the right-button of the mouse (or the left-button with the shift-key pressed)
to close the contour. Afterwards, the enclosed region will appear in the mask window.

The corresponding binary mask can be saved by going to the File—Save menu and selecting
the alpha channel option. Other alternative is to save the image together with the alpha channel
as shown in the mask window.

3.3 User interface

Figure shows the user interface of ProntoContour. On the top of this figure, the menu bar
has five items; File, Edit, Options, Preprocessing and Postprocessing; that work as follows.

o File:

Open: Load image files.

We have provided five medical images, two colored pictures and three frames of
digital video in this item. These images are described in Table 3.

Since ProntoMask supports images from various file formats (e.g. gif, tiff, jpeg,
pgm, ppm, bmp), we encourage users to play with their own images as well.
Save: Save the alpha channel only (the mask) or the image together with the alpha
channel.

ote that a mask saved in ProntoContour can be loaded in ProntoRegion.

Exit: Exit the program.

Edit: Allows to clear out all drawn contours on the image.

Options: Allows to switch between non-oriented and oriented boundaries. It also contains
a ag to invert boundary orientation. Details are given in the next section.

Preprocessing: Contains three options of image smoothing filters that may be selected
to improve performance of the method.

Postprocessing: Contains three options of image smoothing filters that may be applied
to the resulting mask.

Below the menu bar in Figure , there are six icons. By placing the cursor on the top of an
icon, a balloon will indicate its action for a left-button press of the mouse. The two last icons
on the right side switch between ProntoContour and Zoom operation modes.

For each operation mode, there is a list of actions and events associated with mouse and
keyboard. The ProntoContour operation mode comprises two different situations: when the



Figure : User interface of ProntoContour.

contour is open (see Table ) and when the contour is closed (see Table ). The actions and
events for the Zoom mode are shown in Table . ote that, they are also valid inside the mask
window.

Finally, at the bottom of the image area, two entries indicate contrast e e 0 ,100 and
contrast range 0 ,100 , respectively. They adjust the attraction strength between bound-
aries with certain contrast level and the current drawn line. The default settings are 0 and 20
for contrast level and range, respectively. They are favoring high-contrast boundaries. Details
are given in the next section.

3. d anced features

In this section, we give some hints about boundary orientation, contrast level and contrast
range in ProntoContour.

Boundary orientation is a powerful feature which usually reduces the number of selected
points and avoids other distracting boundaries. It should always be selected in case of medical
images. In other situations, the user should verify whether or not boundary orientation will
be helpful.

The default values of contrast level and contrast range ( 0 and 20, respectively) are usually



‘ Image H Description ‘

knee CT image of a knee

calcaneus || MR image of the calcaneus bone
brain MR image of a brain

wrist MR image of a wrist

vein MR image of a vein of the wrist
girl A colored picture of a girl
peppers A colored picture of peppers
table A frame of the table tennis player
garden A frame of the ower garden
mobile A frame of the mobile

Table 3: Images available for testing ProntoMask.

‘ Action H Event
Select a point Left-button press
Undo last line Middle-button press

Delete-key press
BackSpace-key press
Close the contour Right-button press
Left-button press with
shift-key pressed
Display current line | Mouse motion

Invert orientation x-key press

Freeze the process Escape-key press

Table : ProntoContour: Table of actions and events associated with mouse and keyboard
while the contour is open.

ade uate to trace high-contrast boundaries in digital video and colored pictures. In medical
images, on the other hand, these values may be very different for a given image depending on
the desired boundary.

Table presents our suggestions for boundary orientation, contrast level and contrast range
for each image of Table 3. ote that, the examples described in this manual were obtained
using these settings.

.4.1 Boundary orientation

Figure illustrates boundary orientation in an MR image of a brain. Figures a and b show
that the lines snap onto both sides of the boundary. owever, the actual orientation of this
boundary is anti-clockwise. Therefore, if the user selects the oriented boundary option from
the menu bar, he/she will get the result presented in Figure c¢ for an anti-clockwise-oriented
line and the result presented in Figure d for a clockwise-oriented line. If the option which
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‘ Action H Event

Select a point Place mouse cursor on the point

Select a contour Place mouse cursor on the contour

Move a point Mouse motion with left-button
pressed on the point

Delete a point Delete-key press or backspace-key
press on the point

Delete a contour Delete-key press or backspace-key
press on the contour

Insert a new point Insert-key press on any point

Invert contour mask | Return-key press on the contour

Table : ProntoContour: Table of actions and events associated with mouse and keyboard
while the contour is closed.

‘ Action H Event ‘

Zoom in Left-button press
Reset zoom || Middle-button press
Delete-key press
BackSpace-key press
Zoom out Right-button press
Left-button press with
shift-key pressed

Table : Table of actions and events associated with mouse and keyboard during Zoom mode.
These actions and events are also valid inside the mask window.

| Image | Orientation | Level | Range |

knee (high-contrast) On 0 10
knee (low-contrast) On 2
calcaneus On 30 1

brain On 30 1

wrist On 20 10
vein On 20 10
girl On 30 1

peppers Off 0 20
table Off 0 20
garden Off 0 20
mobile Off 0 20

Table : Suggestions for boundary orientation, contrast level and contrast range.

inverts boundary orientation is also selected from the menu bar, the user will get the opposite
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result to those illustrated in Figures c and d. ote that, boundary orientation can also be
inverted by a simple x-key pressing.

(c) (d)

Figure : MR image of a brain. (a),(b) on-oriented boundary tracings. (c) Anti-clockwise-
oriented boundary tracing. (d) clockwise-oriented tracing for an anti-clockwise-oriented bound-
ary.

Figure shows that boundary orientation re uires less points selected on the boundary. In
Figure , we show how boundary orientation can be useful to avoid other distracting boundaries
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with similar contrast but otherwise opposite orientation. Figure a shows a contour without
boundary orientation in a CT image of a knee. If the same points are selected, but with
boundary orientation, the output contour will be the one presented in Figure b. ote that,
the external boundary is now obtained correctly. A similar example is given in Figures c and
d for the image of the tennis player. In this case, however, the Preprocessing—Smoothing 1
option from the menu bar should be selected.

(c) (d)

Figure : Using boundary orientation to avoid other distracting boundaries. (a),(c) Contour
traced without boundary orientation. (b),(d) Contour traced with boundary orientation.

Finally, Figure illustrates one example where boundary orientation changes all the time. In
Table , we have suggested to turn off boundary orientation in such situations. But this might
be a good exercise to get familiar with ProntoContour. We use the image of the tennis player
and show every time the user should press the x-key to invert boundary orientation. Figure a
indicates the last line is not matching with a clockwise-oriented tracing. By inverting boundary
orientation, the user will get the result presented in Figure b. The inverted orientation is
valid up to the last point shown in Figure c. Then the user inverts orientation again to trace
the lines shown in Figure d.
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(c) ()

Figure : Masking the tennis player with boundary orientation. (a) shows when the user
should invert boundary orientation to get the result presented in (b). (c) shows when the
orientation should be inverted again to get the result presented in (d

4.2 Contrast level and contrast ran e

Contrast level and contrast range makes ProntoContour sensitive to abrupt variations of
boundary contrast. A good example is what is shown in Figure for a CT image of a knee.
Suppose the user wishes to trace a low-contrast boundary using contrast level e ual to 0 and
contrast range e ual to 10. As indicated in Table |, these are the settings for high-contrast
boundaries in this image. See what happens in Figure a when the user tries to trace the
boundary of a soft tissue. The line snaps onto the high-contrast boundary of the bone. By
changing contrast level and contrast range to and 2, respectively, the user will get the re-
sult presented in Figure b for the same points of Figure a. Figure c¢ shows the longest
possible line with proper settings and boundary orientation in this example. Moreover, with
the low-contrast settings, ProntoContour is repelled by high-contrast boundaries as shown in
Figure d.

.4. Brid in noise and aps

To finalize, we show that using proper settings ProntoContour is able to bridge noise and gaps.
In Figure a, ProntoContour crosses noisy regions in an MR image of a wrist. In Figure b,



ProntoContour jumps a gap in an MR image of a vein of the wrist. In both examples, the
settings are as indicated in Table

(c) ()

Figure : CT image of a knee. (a) Trying to trace a low-contrast boundary with the settings of
a high-contrast boundary. (b) The same trace with the low-contrast settings. (c) The longest
line with the low-contrast settings including boundary orientation. (d) The high-contrast
boundary of the bone repels ProntoContour with low-contrast settings.

(a) (b)

Figure : (a) ProntoContour crossing noisy regions in an MR image of a wrist. (b) Pronto-
Contour jumping a gap in an MR image of a vein of the wrist.



