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Document history

Version Date Remark
1.0 2009-01-07 Initial version.
1.1 2009-01-19 Mesh made independent from the grid.

Document history

Who is “Moeder”

The creation of Moeder

Moeder is an hermaphroditic, optical merged, medial being. It was created between the former
German federal chancellor Mr. Gerhard Schroeder and the current office holder Mrs. Angela
Merkel. The creation of Moeder has been done by the morph program “Java Morph” which is the
subject of this tutorial. Depending on the configuration of JavaMorph Moeder can have different
numbers of siblings with several mix ratios between its both parents.

Schroeder Moeder Merkel

The morphing method in film industry

It may be the intention of one author to merge two similar but different pictures into one result
picture. The common way is to add two half transparent layers of two input pictures with the same
size. But there is a general problem: Exponent regions of both pictures can be situated at different
coordinates even if both pictures have the same size. An additional processing step is necessary
while rendering. The intermediate copies of both input pictures have to be deformed in that manner
that all exponent regions are moved to their congruent place within the result picture. Because the
calculation logic is not able to find exponent regions (those are eyes, nose, lips and other in the case
of a portrait picture) the morph computer program lays two identical meshes over both input
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pictures. The author has to move the mesh points over the exponent points of the pictures. Now the
morph program is able to create the merged pictures.

Start the program with its sample data

To install the program you need two items:
e The small JavaMorph program as a *.jar archive.

e Sun's Java Runtime Environment Version 1.6 alias Version 6 which is distributed stand
alone or as a part of the Java development Kkit.

If You are not sure whether the JRE is installed on Your computer — open a console window an
type: >java -version! A version of 1.6 ore higher should be displayed. If this is not the case please
download the JRE from: http://java.sun.com/javase/downloads/?intcmp=1281! To start JavaMorph
— open a console window again and enter: >java -jar JavaMorph<version_extension>.jar. When
called for the first time JavaMorph creates a folder on the Desktop named with the program name.
No other files will be created in the file system.

- o Close Application
e Use right mouse button
4 ° LE.:ft in.put
W - e Right input
"“\; Ly 7 : +\ %
< L
7 )

Screen shot of JdvaMorph

Screen shot

After You have started the program You will find a prepared sample configuration with meshes. All
You have to do is to click the Morph item from the mouse-button-right-pop-up-menu. JavaMorph
will create a sequence of morphed pictures which You can find in the following directory:

Desktop\JavaMorph\output\*.jpg

while the Desktop directory is situated within the user's home.

License

JavaMorph is distributed under GPLv2. You are free to copy and use the program without payment.
All modifications are allowed. Please provide another unique version number if You have made
modifications! Author, so far, is: claus.erhard. wimmer @ googlemail.com. Find sources also in the
unique distribution or in CVS!
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Where can | find what?

The .jar archive

This archive acts as the program distribution. It contains a sample origin of the later copied working
directory on the desktop, the binary distribution, the source files and a JavaDoc folder. While
calling the .jar archive with the Java runtime interpreter the working directory on the desktop is
created if it doesn't exist. The file's name of the .jar archive is “JavaMorph_yyyy_mm_dd.jar”. This
name is also defined within the class CStrings.java within the sources. It shall be modified
according to increased version numbers of future program versions. Hint: You can open the .jar
archive with every common .zip program by replacing the extension .jar by the extension .zip

temporarily.

Folders in the working directory

Folder's name Remark

help\*.pdf Help file & tutorial in PDF format. Open with a PDF reader like acrobat.

output\*.jpg Generated morph result. Old files deleted before a new batch run.

input\*.jpg Both input files as left.jpg & right.jpg. Edge length ~100 ... ~1000.

mesh\*.msh Both mesh files. Renewed with defaults, after closing, if deleted.

polygon\*.pol Both clip polygon files. Same behaviour like mesh files.

debug\*.png Smoothed clip matrix view with dilatation borders. Calculated triangulation of
the meshes.

\*.props Property file with polygon and mesh dimensions. Read &edit also as ASCII
text! Created new if removed.

Directories
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The modal dialogues

Dialogue name Screen shot Description
About == ® Program's name
JavaMorph —~ °® Yersmn
~ ® License
Author: e Working director
claus.erhard.wimmer@r~ sglemail Zuom ” g y
Version: V 1.1
License: GPLv2
Home: /home /claus /
Work: Home / Des ktop /lavaMorph/
Hint: Find a tutorial within the help subdir of the workdir.
Configuration [ auily e Close herewith
Rows of mesh ;110 = @ Settings
Points of polygon 5 / [ ] Path Of the WOI‘kiIlg
Smooth radius : 12 .
Mark size 7 — directory
Workdir : fhome fclaus/Deskiop/]avaMorph/
Progress _ Bre ak!q__ e Abort button
o %
Mesh pop up Morpht = . ;’c}rtttﬁlorph )
menu F ° it the mes
® Edit mesh. . . .
i e [Edit the configuration
Bt el L e Add mesh points
Edit Config - > e Remove mesh points
Mesh Points /| P O Add Points + e Return to edit mesh
Polygon Points / ¥/ © Sub Points - e Delete both meshes
Help about? ® OFff Points % e Show global info
- Delete Mesh |

2009-01-19 GPLv2 5/14




JavaMorph Tutorial An image processing program claus.erhard. wimmer @ googlemail.com
Dialogue name Screen shot Description
Polygon pop up Morph! e Add polygon points
R 1 i
menu B — e Remove polygon points
B e Return to edit polygon
EE ROl e Remove one polygon
Edit Config - =
Mesh Points / b
Polygon Points [ F
Help about? © Sub Points -
® Off Points %
Delete Polygon
Dialogues

Mesh Algorithm

Corner point merging

Subject of the mesh algorithm is it to calculate intersection points of the result matrix as weighted
middle values from intersection points, with identical row & column index, fetched from both input
meshes. Corner points are calculated with the following formulas:

X = Xiere * (1 — ratio) + X,ige * ratio
Y = YViest * (1 — ratio) + yrge * ratio

This leads to the following behaviour:
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Mesh merging
Left Right

Morph 1 Moxgh 2 Morp"3 %ﬁL
»

Triangulation of the mesh's rectangles

Other than in version 1.0 the mesh is now grid-free. Each point of the left mesh has a 1:1 relation to
a point of the right mesh, situated on a similar position. This is done by a numbered order of both
mesh's points. The triangulation algorithm has to split the 50% merged mesh into a number of
obtuse angled triangles. Every triangle shall satisfy the DELAUNY condition. The condition means
that, within the circum circle of one triangle, no corner point must be which doesn't belong to this
triangle. Because the mesh consists of integers, a number of points can reside exactly on the circum
circle. In this case the algorithm has to chose one of the points to create the triangle.

1) Triangulation algorithm:

For a line of two points:
Find a third point for each side which satisfies
the DELANAY condition — Triangle is born +
two new lines to continue.

Triangulation

2) DELANAY condition:

For each point which does not belong to the
triangle:

- Test circum circle condition with “>” operator.
- Lines must not cross in the case of “==".

Triangle interpolation

The Intention is, to deform the coordinates of every point from each input triangle to the
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corresponding point of the result triangle. This is done by a transformation matrix with 2 rows and 3
columns. A quadratic matrix isn't necessary, a concatenation isn't needed to be done. Because no
gaps in the result will be accepted, for every point of the result picture the corresponding points of
the input pictures are calculated reversely with the following formulas:

Xinput = an * Xresult + aiz * Yresult + ais
yinput = an: * Xresult + asz. * Yresult + dss

All in all a triangle can be transformed by the matrix. Corner points are matched exactly. Area &
line points are interpolated. Additionally to the normal affine transform with translate rotate and
scale the coordinate system of the triangle is not orthogonal. The reader can obtain the transform
matrix between a single pair of triangles by solving a system of 6 equations with six variables. This
can be done by insert / set equal / add pairs of equations.

(1) Rinput 1 = @ * Xresuit 1 T @12 * Yresuie 1 + ais
(2) VYinput 1 = @1 * Xresuit 1 T @22 * Yresuie 1 + Qi
( 3 ) Xinput_2 = an * Xresult_2 + an * Yresult_2 + as
( 4 ) Yinput_2 = an * Xresult_2 + axn * Yresult_2 + axs
( 5 ) Xinput_3 = an * Xresult_3 + an * Yresult_3 + a3
(6) Yinput 3 = @21 * Rresuit 3 T @22 * Yresuie 3 T @i

Now the points are transformed. All points belong to one index of triangle in the list.

input_1
Interpolation

result_3

result input

Xt o

result_1

result_2

i 3
input_2 Input

The next section explains what has to be done with the colour values of the point lists.
Polygon clipping

Creating the clip matrix

An additional feature of JavaMorph is the possibility to limit the information, moving from the input
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picture into the result picture, by defining a polygon. The inner of the polygon appears within the
result when the ratio points to the specified input picture. A clip matrix with the dimensions of the
result picture is created. Each point of the clip matrix corresponds to one pixel at the picture. If the
value of the clip picture is 0.0 then the pixel is not shown. If the value is 1.0 then the pixel is shown.
Smoothed edges of the polygon lead to intermediate values.

Line algorithm

For each line of the polygon a pixel proof line within the clip picture is created. Exactly the line
shall be proof in orthogonal directions but not in diagonal directions. This is done by the parameter

p.

dx = x, — X,

dy = v = 1

p_max := maximum(dx, dy) | p_max > 0
For all integer p from 0 to p_max do the following:

X =% +p * (X2 —-X1)

Yy =Y +tp* (Y2 - V1)

Scan line algorithm

The algorithm has to fill the inner of the polygon with the clip value of 1.0. This is performed by a
state machine (called line wise for each pixel of the line):

Old state Condition | New State Action
0 (initial for each line) | Line hit 1 Store position 1.
1 No line hit 2 -
2 Line hit 3 Store position 2.
3 - - Connect positions 1 & 2 with clip value 1.0.
Scan Line

Smooth algorithm

With increasing distance from the outer edge of the polygon the value of the clip picture ramps
down linear from 1.0 to 0.0. A smooth function renders this pattern into the clip matrix. It is
executed for each pixel of each line of the polygon. A copy of the line algorithm calculates the
pixels for the smooth algorithm. The smooth function acts within a quadratic area around the pixel.
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X —s / 2 y —s / 2

Smooth algorithm

Color := 1.0 — r /
s

y + s/ 2 Xx+s / 2

Weighted pixel merger

Finally the morph algorithm merges the colours of the two input pixels into the colour of the result
pixel. So far the algorithm doesn't distinguish between red green and blue. The output colour
depends now on step ratio, clip matrix and input colours from left & right.

i

colour merge

1
Left picture 1
1
Left polygon -> 1
1
—
Right picture " <- Right polygon
1
——— Ratio —pp :

Program design

Decorator pattern

The program displays both input pictures in separate JComponents implemented as Class CFrame.
While CFrame only displays the background of the picture, four decorators render a number of
details for the frame layout. First the CPictureDecorator paints the picture, scaled to the window size
but with fixed edge ratio. Second the CMeshDecorator paints the mesh and receives user edit
events. Third the CPolygonDecorator paints the clip polygon makes it editable and provides the clip
picture, generated by the algorithms explained above. Fourth the CPopupMenuDecorator paints the
mouse symbol and shows the pop up menu. All four classes implement the IDecorator interface.
Here the paint() method is the most important procedure. CFrame calls sequentially the paint()
method of all four decorators in the described order.
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Configuration classes

The first configuration class is CStrings. This class holds a number of directory paths and file
names. The name of the .jar archive of this application shall be entered here. The second
configuration class is CConfig. This class holds the numerical configuration data for the morph
batch. When the program starts CConfig reads a property file where it also saves the numerical data
during the program shut down.

The main class

CMain is the main entry for JavaMorph. It contains the main function and it is referenced by the
automatically generated manifest file of the .jar archive. This class instances also the main JFrame
of the application plus the three dialogues. The JFrame itself shows a left and a right picture,
painted by CFrame which are separated by a vertical line painted by a CSeparator class.

Dialogues

Additionally to the main window there are three classes holding dialogues. The first dialogue is
CConfig which acts also as store for configuration data. It contains several input fields realized as
CEdit class instances. The second dialogue is CAbout which shows the program's meta data, like
version info & working directory, to the user. The third dialogue is CProgress. CProgress is the
modal progress bar. It blocks main thread execution during the morph batch. That's why the morph
batch has its own thread.

Mathematical classes

The central mathematical class is CMorphOperator. It performs the morph batch with the number of
configured intermediate pictures. The mesh transform & pixel merge algorithms belong to this
class. CMorphQOperator has three helper classes. CGeo calculates transformation matrices.
CTriangle is a set of points limited by three corners. It has multiple instances. CTransform contains
the elements of the transformation matrix which is explained above.

Version 1.1 contains two new classes: CTriangulation which reads the mesh and creates a collection
of its triangles. And CLine which is used by CTriangulation. CLine represents a edge of one
triangle. It can detect a crossing edge of another triangle for test purposes.

Usage guide

Menu functions

Use the right mouse button to open the pop up menu!
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Function's name

Description

Morph!

Starting the morph batch. Deletes the old output files. Progress bar is shown
when preparations are done and rendering of the output files begins.

Edit mesh. Edit mesh of corresponding picture. Stop edit polygon. User can move the
nearest mesh point by dragging with the left mouse button. When selected for
both pictures: The other picture shows the corresponding mesh point.

Edit polygon. Edit polygon of corresponding picture. Stop edit mesh. User can move the

corner points by dragging with the left mouse button.

Edit config ->

Open the dialogue to edit numerical configuration values which influence the
morph batch. Values are stored by closing the dialogue window.

Delete mesh X

Mesh Points / Add | Add points to both meshes. Add each single point at cursor position by

Points + clicking the left mouse button.

Mesh Points / Sub |Remove point from both meshes. Remove each single point nearest to to cursor
Points - by clicking the left mouse button.

Mesh Points / Off |Return to edit mesh mode. Here You can drag the mesh points.

Points

Mesh Points / Delete those mesh which belongs to the corresponding picture from the file

system. A default mesh with the configured dimensions is provided and
painted. The program saves the new mesh during shut down.

Off Points %

Polygon Points / | Add points to one polygon. Add each single point at cursor position by

Add Points + clicking the left mouse button.

Polygon Points / | Remove points from one polygon. Remove each single point nearest to cursor
Sub Points - by clicking the left mouse button.

Polygon Points / | Return to edit polygon mode. You can drag the polygon points.

Polygon Points/ Delete those polygon which belongs to the corresponding picture from the file

Delete polygon X |system. A default polygon with the configured dimensions is provided and
painted. The program saves the new polygon during program shut down.

Help about? Show program info. Here You can find the path to the working directory, the
author's name and the version info.

Menu functions

Configuration variables

You can edit this variables by opening the configuration dialogue. Invalid values are clipped suiting

into the, as tool tips,

2009-01-19

displayed, boundaries. Close the dialogue window to store!
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Variable's name Description

Num of morph steps When entering <N> then the distance between left and right is divided
into <N> steps. The output directory will contain the left & the right
picture plus <N-1> mergers.

Rows of mesh Number of horizontal rows of quads for both meshes. When modified:
Old mesh is deleted & new default mesh is provided.

Columns of mes Number of vertical rows of quads for both meshes. When modified: Old
mesh is deleted & new default mesh is provided.

Points of polygon Corner points of both polygons. When modified: Both polygons are
deleted and new default both are provided.

Points of right polygon |Corner points of the right polygon. When modified: Old right polygon is
deleted & new default right polygon is provided.

Smooth radius Size of the fuzzy area around the polygons in both clip matrices. Used to
hide borders when You use JavaMorph to mount two pictures.

Mark size Size of cursor and marked mesh + polygon points.

Workdir Read only but copy able. Absolute path of the working directory.

Configuration variables

Hints

After rendering the sample you can feel free to substitute the pictures left.jpg & right.jpg in the
input directory by your own both. Delete also the meshes therefore & adopt new default meshes.
Consider that the CPU time grows square wise with the picture's diagonal. However, it isn't
necessary that both pictures have identical dimensions. The dimension of the result is the union of
the dimensions from left.jpg & right.jpg. You can also deal with copies of the whole working
directory. This may be useful if You intend to archive a number of morph projects.

Make a Gimp film

A simple way to create a film is the rendering as animated .gif by the Gnu Image Manipulation
Program. Try the following:

1. Open Gimp.

2. Click File->Open (000.jpg from output directory).

3. Click File->Open_as_Layers (Mark all other files of output directory) — in picture window.
4. Click File->SaveAs (*.gif).
5

. Confirm SaveAs_Animation + Make_Index!
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6. Start Export.

7. Choose loop mode & speed.

8. Click OK!

9. Open the .gif with a web browser.
Make a MPlayer film

1. Download Mplayer.
2. Go to the directory: .../Desktop/JavaMorph/output!

3. Enter: #>mencoder "mf://*.jpg" -mf fps=10 -o output.avi -ovc lavc -lavcopts vcodec=mpeg4

Werkel

Finally I want to improve my apply photo to get a better job in a big company. It is not easy for me
to smile on photos. That's why I decided to merge a little bit Mrs. Merkel into my photo. To reduce
the forgery, this time I decided to steal only the proportions from Mrs. Merkel, step by step. But I
want to hold my own pixels on all pictures.

The uhor Werkel .‘ Werkel suare wise
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