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Installing the software

The active appearance model toolbox (AAMToolbox) can be downloaded from the author’s
website, AAMToolbox and click on the icon next to the link shown below (Figure 1).

Once you have downloaded the zip file
Matlab_files_AIH_JS.zip you can either
unzip this using WinZip or if you are using
Windows XP, you should be able to
access the files directly. Either way you
must now copy the folders
“Matlab_files_AIH” and “Matlab_files_JS”
to your specified root “Shape_models”
directory (please see the directory
hierarchy section for a more
comprehensive explanation of this).

Having copied the folders
Matlab_files_ AIH” and “Matlab_files_JS”,
you can start up your version of Matlab
(note: this software has currently only
been tested on Matlab version 7.3.0
R2006b).

At the command prompt in Matlab type
(notice here we have used the ‘>>
symbols to show we are at the command
line):

>>pathtool

This will bring up a Matlab graphical user
interface (GUI) tool that will allow you to
set the path to the previously copied
Matlab files, see Figure 2. As indicated in
the figure you should now click the button

©J UEA Computational Biology Laboratery - Downloads - Mozilla Firefox

Fle Edit View History Bockmarks Tocls Help

- '\&;‘i L}z 24 http: /A .crmp uea.ac uk Research/cbg/dowrloads htm

@& -

[Gl-|
Institute of Food
Research
Norfolk & MNorwich
University Hospital
MNorwich Research
Park

. || P Getting Started G Latest Headines
acceleration, it allows 256x256x256 voxel images to be displayed and | A
manipulated in reaktime. The data can represent multiple light channels
AAMToolbox
Click here to download AAMToolbox a Matlab toolbox with a Graphical
User Interface for creating and viewing statistical shape and appearance
models

| Mifold

RNALMIfold 15 & matlab toolbox that uses mutual information and related

measures to infer and displav secondary  structures fincluding I
< >

Done

Figure 1a Computational Biology Down load Page

) Dr. Andrew Hanna - Mozilla Firefox
Edit View Hstory Bookrnarks Tools Help
(2} [P http:/fwww2.cmp uea.ac.k/~ah/ >

< | @ Getting Started £ Latest Headines

AAMToolbox: Shape and Appearance Models

Done

Figure 1b Authors Download Site

entitled “Add with Subfolders”, this will then prompt you for a directory. Please choose the
directory “Matlab_files_AIH" that you copied as explained in the previous paragraph. Click
“Add with Subfolders” then save the new path settings and close.
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All changes take effect immediately

WMATLAE search path:

Add Falder. .. B CAMATLAE_R14%oolboxmatlabigeneral
[ CAMATLAB_R14'oolboximatlablops
l’l CAMMATLAE_R14%oolhoximatlabilang
— | (] CAMATLAB_R14'toolboximatlablelmat
3 CAMATLAB_R14'oolboximatlabielfun
3 CAMATLAB_R14'oolboximatlab\spectun
3 CAMATLAB_R14'oolboximatlabimatiun

flove to Tiop | 3 C\MATLAE_R14'toolboximatlab\datafun

3 CAMATLAB_R14'oolboximatlablpolyfun

Tove: Lp | 3 C\WMATLAE_R14'toolboximatlabiunfun |

[0 CAMATLAB_R14'oolboximatlablsparfun
iilms D | (3 C\MATLAB_R144oolboximallabiscribe
T —— | 3 CAMATLAB_R14'oolboximatlab\graph2d

3 CAMATLAB_R14'oolboximatlab\graph3d

3 CAMATLAB_R14'oolboximatlab\specgraph
3 CAMATLAB_R14'oolboximatlab\graphics
[0 CAMATLAB_R14'oolboximatlabluitools

3 CAMATLAB_R14'oolboximatlab\striun
Rz 3 CAMATLAB_R14'oolboximatlablimagesci =l
Save | Clase | Revert | Default | Help |

Figure 2 Setting the path

To test that the installation was successful please type the following at the Matlab command
line prompt:

>> AAMToolbox_InstallTest.m

If the installation was successful, the user will be presented with a small dialog box like the
one shown below.

Install Test x|

Installation was successful, please continuell

Getting Started

At this stage you should be happy that you have downloaded and copied the Matlab files into
a suitable location. The directory structure at this point should be something like the one
shown in Figure 3 (notice that the Matlab files are in a directory called “Shape_models” that
also contains a folder called “Models”):

Now you are in a position [T ey meN
to start the toolbox, t0 dO [fe Edr view Favories Tods Hep 2

this type the fOIIOWing.at @Back - ) ¥ Osearch [ Folders & ¥ X ©) [Ev
the Matlab command line

Address ‘.3 C:\Documents and Settings\aih\My Documents\PostDoc\Shape_models\Matlab_files AIH v \ Go

prompt. Name Size Type Date Modifi...
D AAMToolbox File Folder 18/05/200...

>>AAMToolbox ==_'—‘lConversionTooIs File Folder 25/01/200...
DUtilities File Folder 03/05/200...
H6.1.version 0 KB VERSION File 09/10/200...

When the toolbox is
opened from a directory
that is not a Project the

Figure 3 Directory structure used by the Shape Model toolbo X.
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Current Template and Sample image axes are empty and the Current Working Project
indicates ‘No Project Selected’

2+ AAM Toolbox
File Project Tools Help

It can be seen from Figure 4 that if YOU | e cumssscvaso s s e
are not currently working in a project || [wmossees (=]
directory then the system will indicate
‘No Project Selected’. Use the ‘Browse’

option to select a project.

the AAMToolbox in
cutrent path.

Wedel Tempiet
‘ Ho template model |

et |

e List (10000 pixels, normaiissct: Rotation Transiation)

[ moast s Ezr)
C:\Documents and G ape. _fies_/ m ‘
O Ve rVI eW of O O I b 0 X — Statistical Modlel Poirt Set Iage List Deate Poivt Madel set crested

Mew Project it bhadel Ecit

] ) Figure 4: First look
Opening the toolbox from a directory

that is a Project the Current Template

and a Sample image is displayed.

The toolbox contains a set of tools that work with a Statistical Model project . There are two
ways to access data in a project

1. Using the graphical user interface (GUI) called = AAMToolbox
2. Programming in Matlab and accessing the datathr  ough the SM class library

Here we only discuss the GUI.

The details of the project and directories are displayed in the Project Details section of the
toolbox at the top. Selecting a tool causes the toolbox window to disappear and open a
window for the tool. To return to the toolbox, close the tool or click on the ‘back to toolbox
icon’.

Note display showing

the

If, for some reason, the windows refuse to  [EAYYRET: =]tq
close normally they can be forced to close s e -
by typing the command ‘CloseAAMtoolbox’. ‘(W‘ EEEEEE S

‘7 s socisted Poirt Model Template: Detai IS Of the

FF93_2temp_dat  with 93 points

A project is based on a specific set of s
images. Each project contains 5 folders that [ 5ot corman fritn
contain the original images, processed mgjgﬁji;j;;:;jﬂM‘S-WM
images, templates, point models and

statistical models. You can change or ‘*g’g:;";;;m “Meleb £ e - |

specify the project you are working on using e Rt e R T

the browse option in the Project Details TR e preasmonmGHE

section. Projects are created using a series ‘

of tools in the toolbox. | e ———————
[cnonse tempiste| Ao pracemen | [ Fartsets |

1. The first tool is New Project and this asks
for the name and location of the desired  Figure 5: AAMToolbox interface

project. The system automatically adds the

prefix: ‘PRJ_’. Be careful in choosing the name to ensure that it reflects the images that the
project contains. The New Project tool can also be used to combine or augment pre-existing
projects. You can also import one project into another.

2. The next stage is to import images into the original and processed images subfolders of the
project. This is done manually by copying and pasting the images into the relevant folders.
Each jpeg image should have a distinct name (i.e. imagename.jpg). It is useful if the name
represents useful information, e.g. experimental details, subject name, date, etc. The
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processed images should all have the same size in pixels (a convenient size is 800 pixels
wide). To help with processing, you can use the image processing tool. Note that if you
want to create an allometric model (one that does not normalise size), you need to untick the
scale box in the Procrustes section of the SMG (Statistical Model Generator) tool (see below).

3. You then need to import at least one template into the Templates folder of the project. This
can either be done manually by copying previous templates and pasting, or using the
template editor tool to browse the list of templates. If you do not have a template you will
need to create one using the template editor tool. Templates all have the suffix .temp_dat. (In
some cases a supplementary file with the suffix .edit_set will be created.)

Point Model Stats Model Gen. View Stats Model
Place points defined by the  [,| Generate statistical model ly| View the statistical model
template into the correct from multiple Point Models generated from the Point
positions on every image Models

Figure 6 Point models to Statistical models.

4. To start creating models (Point Models for each image and Statistical models derived from
multiple images) you need to assign one template from the Templates folder using the choose
template tool. This will create folders with the template name in PointModels and
StatisticalModels directories (i.e. Pointmodels/template name). Thus all models based on
this template will carry the template_name as an identifier.

5. To define the positions of points in relation to the images there are two options.

A.

Point models are created according to the template (selected previously, see
above). They are usual created manually using the Point Model Editor (PM_editor)
tool. Points are moved to the appropriate feature points in the image. A Point Model
is created for each image in the Cropped directory. The pm (point model) files are
stored in the template-name subfolder within PointModels directory.
(i.e.pointmodels/template_name/imagename.pm). Note that these are not exclusive
— you could first use Autoplacement and then check the points manually using
PM_editor

For some image shapes (e.g. leaves), you can automatically place points on your
images using the Autoplacement tool. When you invoke this tool, it will ask you
whether you want to place points through segmentation, warp all points according to
a subset of points, or fit using a probabilistic model based on a subset of points. In
the segmentation option you will be asked to specify the type of image you want to
segment (e.g. petals, leaves etc) and will then create a set of binary images in a
processed images/binary subfolder. You then click on a few key points and draft

point models are created.

7. When Point Models have been created for each image you need to consider which points
to use for your statistical point model. Models associated with each set are stored in separate
subfolders of the StatisticalModels folder. By default all points of the template are used to
create the statistical point model. This is stored in a subfolder called Set 1 located in
StatisticalModels/ template_name. You may also want to select a subset of points. This is
done using Point Sets tool that allows you to choose the subset of points to be used. The
point sub-set information is stored in a newly created folder called Set_2 (further subsets will
be named consecutively) located in StatisticalModels/ template_name. You can also give the
selection of points a logical name and this will be displayed in the project details area.

8. To build a statistical model you now use the SMG (Statistical Model Generator) tool. Using
this, you first need to choose the images that should be included in the statistical models. By
default all images in processed images will be used. This will create a subfolder called
ImageList_1 in StatisticalModels/ template_name /Set 1. You may also want to select a
subset of images. This is done using a drop-down menu within the SMG tool. This allows
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you to choose the subset of images to be used and when this is complete, the image set
information is stored in a newly created folder called ImageList 2 (further subsets will be
named consecutively) located in StatisticalModels/ template_name /Set_1. You can also give
the selection of images a logical name and this will be displayed in the project details area.
Within SMG you can also generate a combined shape and appearance model. (You can also
generate appearance models based on treating each triangle as a patch or using wavelets: to
be done).

9. Statistical models can be displayed using the View Stats Model tool. Within this you can
A. Examine how each principal component affects shape and appearance
B. Make movies of the shape and appearance changes
C. Importimages to modify the mean appearance
D. Evaluate how well an image is created by the model compares to the original image
E. Examine the effect of quantising shape and appearance space
10. Statistical models can be viewed in shape space 2 or 3D shape space using the View
Shape Space tool.

Image Processing Tool

Within the Image Processing tool you can perform a [EESESES L oX
number of operations on the images stored in the
directory processed images. This tool assumes that |

you have copied the images from the originals
directory and are ready to process them by resizing,

cropping and selecting regions to remove background | .. "
noise. In practice, it is often easier to write your own o | 0 - % |
Matlab image processing tools or even use an image | (o) fwrsd 150 e

editor such as Photoshop. ‘ 0 20 30 40 500

When you select the Image Processing tool you will be
presented with the following window,

Prov | [svabiopis_Senir 4219 1_sele 5k200 9 3

This tool automatically chooses the images in the
processed images directory as the ones to be
processed.

Figure 5 Image processing toolbox

Selecting images

To navigate through the images you can either click the “Next” and “Prev” buttons or click on
the drop down menu that shows the image filename and skip to any image in the list.

Resolution
To change the resolution of an image (i.e. reduce or increase the number of pixels per

10‘2m) you type in the ratio you require (shown at 0.5 in the above figure which will reduce
the number of pixels in the image by half) and then you can either apply this ratio to the
shown image by clicking on the “Change Resolution” button, or you can apply it to all the
images in the processed images directory by clicking on the “Apply To All” button.

Crop and Select

To crop an image you type in the number of pixels you require for the width and height in the
text boxes provided in the ‘Crop Panel’ and then click on the “Crop” button. The mouse cursor
will then change to a full crosshair; you are then required to click on the center of the required
region. Notice that if you type in a crop size that is greater than the size of the image then it is
padded with zeros.
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Also within the “Crop Panel” you can select regions of interest in order to reduce the amount
of background noise within the images. To do this you click the “Select Region” button in the
‘Crop Panel’, this will change the mouse pointer to a crosshair as shown in the left figure
below. You can then click using the left mouse button around the region of interest, when you
are satisfied that you have captured the region you simply click with the right mouse button to
complete the selection.

At any stage of the image processing you can click on the “Undo” button, this will cancel any
resolution, cropping and region selection you have performed. If you are happy with the
processing you must click on the “Save” button before continuing onto the next image.

Template Editor Tool

In order to build any statistical shape model you must have a number of point models. Each
point model is a set of points placed around important features of an image, e.g. around a
leaf, petal or face. It is critical that the same features are chosen in every image to be
included in the statistical model. To make this easier we use a template. Select an image that
represents all the features that characterise the images. Then use ‘Add Points’ to place a
point on every feature. Next define some, or all, of the points as Primaries. Primaries should
be placed on features that can reliably be identified, e.g. corners. The remaining points,
secondaries, will be evenly spaced along a spline that joins the points, between the primaries
(press Smooth Landmarks). Finally, join together points that form recognisable shapes.
Edges should join secondary points together and each set of secondary points should have a
primary at each end.

To construct a template you use the Template Editor tool, when you click this tool you will be
presented with the following window,

-). Point Model Template Buider [ =1k -} Point Model Template Buider 1=
File Template Points Edges > File Template Points Edges o~

Statue Status:

’7 Please Choose an Operation r Pleass Choaze an Operation

isusl Cirls.—— Poirt: — VisuslCtrls

’7 AddPoint__| MovePoirt | _Define Primaries | __ DeletePoint | Smooth Landmarks |

.
( pdtport | MovePoin | _Defie Prinares | __Deets Port__| smoothLandnarks| | | | yygne

ZoomPan | ¥ Lok ZaaniPan ¥ Labeli

AddRemoveEige | | _Gutndsave) | AdiRenoetde | | _Gutnasse |

’7 Toggle Zoom | __ToggePen | || Grack edges 7 un ’7 ToggeZeom | ToagePan | || Creck edges 2

¥ Landma.

W in.

Image Directory:  image_Dir Image Hame: megs_Nans Image Directory: Crapped Image Hames B-D802-00003-F -1 coot-a 2400y
Template Diroctory: Temp D Template Hame: Temp_Name Template Directory: Tempietes Template Hame: FS62_2.temp_clat

Figure 6 Template Editor before and after loading (  or creating) a template

If you are working with a new project, then this window will appear blank as above, if however
you are continuing work on a project this window will show the currently active template.

Importing Templates

If you want to import a pre-existing template into the template folder, click on “Load Template”
and then browse to the template you want and click on ok. Then save and quit.
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It is also possible to import a point model and image from the set of point models already
fitted to images (Template: Import point model from Point Model File). Since it is the same
template this will not change the final statistical models, however, it can be easier see how
the points should be assigned to features in new images where these and the starting image
are similar.

New Templates

To make a new template you must click on the “Template” menu and select “New Template”,
this will ask you to select your representative image from the processed images directory.
Once you have selected your template image, you can then add the points in the appropriate
positions. To do this click on the “Add Point” button, this will change the mouse cursor to a
crosshair and allow you place points around the image. Similarly by clicking the “Delete Point”
button you can remove points from the image.

Choosing Primary Points

In this tool you can also select the points that you would like to highlight as being primary
points, primary points are those that convey important information in the image, i.e. points of
high curvature, inflections, points of extrema (width, height). Once you have selected your
primary points, you can choose to smooth the other points (known as secondary points)
around the contour (spline that goes through the secondary points and the primary points at
either end. This is done by clicking the “Smooth Landmarks” button and an example of this is
shown in the figure below.

-) Point Model Template Builder =10] 2] -) Point Model Template Builder =10] x|
Fle Template Ponts Edges ~ Fle Template Ponts Edges ~

r it Visual Cirls.—— Foirt: Visual Clris.——

wssrors | woverors | [[EEiemmmaRes] | eeepore | o Lasvars |

7 L ( sairori: || woveroit | | einerimares | | pakiepan | Snostitansnats], | [ 17 aress

ZoomP: el IV Laeing Zoomp el ¥ Lekeiing

Quit gand Save) Qut (and Save)

| Addremove tie|

Foia ] |‘

( it | skt |‘

Image Directary: Cropped Image Hame; E-0140.00001 Le-00004-ajpg Image Directory: Cropped Inage Hame: E-0140-00001-Le-00004-2 jog
Template Directory: Termp_D Template Hame: Tern_Nerme Template Directory: Temp_Di Template Hame: Temp_Name

Figure 7: Smoothing Secondary Landmarks

Red secondary points between green primaries are evenly (smoothly) placed between
primaries (right panel).

Point Connectivity (Drawing Lines or edges)

In order that secondary points can be evenly placed along the spline linking them with the
primary points at each end, the connectivity must be provided by joining the points with lines
(edges). These lines also make the appearance of the statistical models more appealing, and
informative, you can select which points are connected to each other; this implicitly defines
the notion of groups and can greatly increase the information about a particular model.

To define these edges you click on the “Add/Remove Edge” button, you then click the two
points that you would like an edge along. If there is already an edge between these two points
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then it will be deleted else if no edge exists, then one

will be drawn. This process is partially shown in the

following figure. Having added the edges press the

“Check edges between Secondaries” button to run a '
continuity check.

Saving the Point Model Template

Once you are happy that you have captured all the
information in the template you can then save the
template by either clicking on the “Quit (and Save)”
button or by clicking the “Template” menu and
selecting “Save Template”.

Global Point Model Editing

It may be that at some time in the future (after you
have made your template, placed your points around
your sample images and built some statistical models) you will want to add more points to the
template. For example, suppose | have the following point model template, and below this is
an example from View Shape Model.

-) Point Model Template Builder

Foirt:

( e o e e R

ZaomPan

Quit (and Save)

Adimemove sig]

Visual Ctts. ——
¥ Lancimarks
[ Labeling

o | W |‘

Lines | © Mol  Res
Qut | Resets.| Fulwak

Poirts
Weights

Image Directory: Crapped
Template Directory: Templtes

Image Hame: E-0140-00001 L e-00004-a g
Template Name: LeafTermplate3 temp_dat

Figure 10 The need to add points to an existing template

But | am now interested to see the variance in the position of the main vein? More points are
needed. The Template Editor tool allows you to add points to a template, and then populate
this change throughout the other point models. Simply click the “Add Point” button as before
and place the new points in the required position.

We have added new points to an existing template and will probably want to use all the point
models that place the existing template onto the images. To apply the new template to all the
existing point models select ‘Template:Import Point Models’. You will be asked to choose a
Point Model Directory from which to copy existing point models. The system will then load
these models into memory.

Finally, “Quit (and Save)”. Give a new filename to the new template. Having saved the new
template in the Templates folder the system will save copies of the old point models into a
new directory. Simultaneously, it will add the new points. The points will not, of course, be in
the correct place and so you have to use the Point Model Editor to go through the images,
moving the new points into position. To do this, use the ‘Choose Template’ to select the new
template (accept the default options). It might take a short while to create the new model

Dr. A. I. Hanna Page 11 16/11/2007
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directories. The ‘AAM Toolbox’ template model icon will change. You are now in a position to
use the ‘Point Model Editor’ to move the new points into place.

Notice that you can build statistical models from just the old points by selecting them with the

Point Sets tool.
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Figure 11 New points added to an existing template to create a new template.

New Project Tool

When you call the New Project tool, you will be presented with the following dialog box and
asked where you would like to store your new project, (it is recommended that you keep all
the projects at a level below the root folder “Models” as shown below.)

Once you have selected your folder where you
want the project to reside, you will be asked to
give a name to your project.

The name is automatically prefixed with ‘PRJ_".
The project should be named according to the
images it will contain. If it is a combined project,
use a name that indicates the level of
combination (e.g. all_paintings or all_petals).

You are then presented with Figure 14.

If this is a completely new 2D or 3D project, click
either ‘New 2D’ or ‘New 3D".

project, you will be
of existing projects.

Please choose type of H!gh“ght those you

project you wish to create. wish to be
combined (either
hold down the Citrl

[ Mew 20 ] button and single
click each project or

[ mewsn | hold down the Shift
button and click on

l Augmented l

l Combination l
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Figure 12: Selecting the directory into
which a new project will be added

the first and last project to select a block). Then click ‘Ok’. Note
that all projects to be combined should have the same template
(they could share more than one template). Point models using
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the same template from all the original projects will be placed in the same directory. However,
the existing names will be prefixed by the source project name. if it happens that you try to
combine two projects that both have a template with the same name, but this template
contains different sets of points, then only the first set of point models will be copied.

Once you have created your project you will notice (using the operating system directory
viewer, i.e. windows explorer) that several directories have been created for you. This
structure is described in more detail in the Overview.

Making Augmented Projects

An augmented project is the result of joining multiple projects. By doing so you will join two
templates into a single template and you will also join all corresponding point models for each
individual project in to a single set of point models. For example, say you have a project built
on leaves, call it LEAFPRJ, and a project built on petals, say PETALPRJ. Then you may find
it interesting to augment the two and see how they vary not just within themselves but with
respect to each other. To do this you simple click the “Augmented” button when asked for a
project type, see Figure 14. Upon doing so you will be asked to select a root directory from

which to look for other projects, and then you will be ask to select from a list, which projects to
merge.

Select a file:

Wy Documents iz Plants PR _000 Set
ity Documents' L 1 elzPlants\PRJ_200_S
ICDacuments and Settingzhaihity Documertsioost_doc'Shape_rocdelsModels\Plarts'PRJ_Arshidopsis_Sandra

ocuments and Settingsiaihihy Documentspost_dociShape_modelsodels'Plants\PR)_Fa_FF
uments and S iy Documerits) 3 Bl Plarts PR %
ChDocuments and Settingsiaihihy Documentsyoost_docShape_maodelsModelz'PlantsPR)_Manuels
CDocuments and Settingsisinihly Documents'post_doc'Shape_modelsiModelsPlant='PRJ_Nicolas_Petals_Fa
(ChDocuments ahd Settingsisinihy Documentsipost_dociShape_modelsModels'Plants PR _Micolss_Petals_FF
|C:\Documents and Settingsiainibty Documentsipost_dociShape_modelsiviodels\Plants\PRJ_Micolas_Petals_FP
(CDocumerts and Settingsisihihy Documentsipost_doc'Shape_modelsModels'Plants\PRJ_PHAS 2005
ChDocuments and Settingsiaihindy Documentspost_dociShape_modelsiodels'Plants\PR)_Petalz_Amelia
ChDocuments and Settingsiaihiby Documentsipost_dociShape_modelsModels\Plants PR _Petals_Jenny
ChDocuments and SettingsisintMy Documentsipost_doc'Shape_modelsiModelsPlants'PRU_Tina_FinalYearProject

=

[ Select all |

" OK " l Cancel I

You will then be prompted to select a template for each model you have selected. This is form
part of your augmented template at the end of this process.

Once you have completed these steps you will now have to choose which point models from

one project correspond with point models from another project. To do this, from the Project
menu select Augmented Projects and then Order Point Models.
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Here you will see that you are able to select the ordering for the first project you have decided
to merge. You can manually choose the ordering.
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Doing this for each project means that you will have built up a correspondence between point
models in different projects. For example, here E-0002-00002-FL-00003-a-05-07-27_pm.mat
is the first point model for project 000_Set. That point model will be associated with the first
point model chosen for the other projects, so ordering here is very important. This also means
that you do not have to have adopted a specific naming convention. During this process, a file
named PMORDERINFO_XLS.xls is create in the <project_directory>/Data directory. You can
then edit this file in Microsoft Excel for future use.

Next you will need to make your augmented template. To do this, select Make Augmented
Template from Project->Augmented Projects. This will ask you to specify a name under which
to store the template.

Finally you are now in a position to choose Project->Augmented Projects->Build Augmented
Point Models. This will ask you for a template from which to build the augmented point
models, and then the rest is done for you.
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Different types of point model augmentation

You can then continue by clicking Choose Template as usual and build your models.

Creating Group Means

If you have created a particular groups file, you might want to create the point model and
corresponding image file for the means of those groups. To do this select the ‘Create Group
Means’ item from the ‘Tools’ menu from the toolbox as shown below.

-} AAM Toolbox
Fle Project MEEEN View Help ~
Terrplate Edit Crl+T
s M el 205:47]
Curen  Choose Template for a new model
PRJ_I  Point Madel Editor ‘ FPoints in Curent Sample Image
Create or Select New Point Set HERE Loz cees

Statistical Model Generator

Assoc ————— o o
( FF93_  View Statistical Madel (PDM/AAM wWak) h ey
pe— .._.,. ko _._._'
" Cun Create Group Means 7| ' & "
Set_CH . 5 : y

Curren  Scale Point Models

(lmageusu (Original)

Ci\Documerits and Settingsiaik\My Dacuments\PastOoc. . ape_models\Matlab_files_AIHUAAMToolhox\AAMTaolaow. m

’7anatmn of "AAMToolhox" Matlab Fil ‘

— Statistical Model: Point Set Image List Date Point Model set created

. . Reload Model
|FFES_E\Set_Z\ImagELlle [BottomMiddle ] {Criginal }{17-May-2007 09:31:31) |
Show Details
— Taol
[Image F‘mceasmg] [ Template Editar ] [ New Project ] lem Model Ednori [Stals Model Gen ] l\new Stats Modell [ iew Shape Space ]
[Chuuse Template} I Auto Placement ] [ Puoint Sats I

Now when you click on the ‘Show Names’ button in the toolbox you will see the files
‘MEAN_TEMPLATE_<template_name>_<project name>' added to your list of available
shape and image files.

Choose Template Tool

Once you have created a new project or opened up an existing project, you will want to
choose a point template model which will serve as your reference image and point model.

To select a particular template from which you will be able to build shape and appearance
models you simple click on the “Choose Template” button from the toolbox. When you click
on this button, the toolbox will create the relevant directories to store the point models and
statistical shape and appearance model information. If these directories already exist you can
simply click ok and continue.

Point Model Editor Tool

The Point Model Editor tool allows you to place the points defined by the point model template
which has been selected by the Choose template tool. To open the Point Model Editor tool
you simply click on the “PM Editor” button in the toolbox and you will be presented with the
following window. Here you can see that on the left, the current template is showing the
locations of the specified points in their respective positions in the image. This is to be used
as a guide when placing the points on the target image on the right.
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Figure 15: The template on the left provides a reference as points are
manually moved into position for each new image shown on the right.

Moving Points

To move points around the target image, click on the “Move Point” button to select ‘Move
mode’. In ‘Move mode’ the mouse buttons perform different operations.

Left Mouse Button

Right Mouse Button

Left + Right Mouse Button

If you click a point using the
left mouse button and hold it
down, the selected point will
move under the mouse point
as you drag the mouse
around.

If you click on the points
using the right mouse button
and hold it down, as you
move the mouse pointer
around, all the points will be
translated.

Clicking and holding both the
left and right mouse buttons
together has the following
effect.

Moving the mouse up and

down rotates all the points.

Moving the mouse right and
left, scales all the points.

Pull in Outliers.
back.

Occasionally, points disappear out of the image. This button brings them

Point sets for editing. Depending on the template there may be an extra menu item: ‘Point
sets for editing’. (This will be created if there is a template ‘helper’ file called *.edit_sets’. This
file is created by an auxiliary program especially written for the particular template. It will be
called ‘ConversionTools\*_place fixed_points’ where the * stands for the template nhame. This
menu allows predefined sets of points to be viewed in isolation. It also provides a mode that
will allow ‘stacked’ points (i.e. points that overlie each other so closely that they would
normally be moved as one) to be separated.

Smoothing Points

Once you have moved all your points around the image, you may find that the secondary
points are not evenly placed along an edge between primary points. Secondary points provide
interpolation points to give a good representation of shape. The ‘Smooth Landmarks’ button
automatically smoothes the secondary points between primary points by fitting a cubic spline
and sliding the points along it until they are evenly spaced.
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Other functions
There are some other functions in this tool that will now be discussed.

If you want to pan or zoom into areas of the target image, you can click on the “Zoom” and
“Pan” buttons provided. Notice here that the template image will keep track of the area that
you are zoomed in on and hence will update its view accordingly. You should never need to
click on the template image.

At the bottom left of the Point Model editor tool there are a selection of manual rotation and
translation buttons.

It should be pointed out that the saving of the point models is an automatic procedure in this

tool. The point model is saved as soon as you click the next, previous, or skip to another
image in the list by using the drop down menu provided.

Automatic Placement Tool

This tool only works for certain templates. It provides several methods to automatic point
placement. When you click on this tool you will be provided with the following window.

Placement Method x|

@ What method would you like to use?

Segrnertation I Lze Subset Prok. Model Fit

Figure 23

Here the user selects which method of fitting they would like to use.

Segmentation Fitting

If you choose to fit your point models using the segmentation procedure, then you will be
presented with the following window.

x

@ Segment or place points?

Segment l Place points

Figure 24

This window is asking whether you would like to segment the images you have in processed
images directory or if you want to place the points onto a set of already segmented images.
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Segmenting

If you have decided to segment your images then you will be presented with the following
window

B x|

Select an algorithim:

SegleafFromBackgound.m
SegPetalFromBackgound m

| Ok I Cancel I

Figure 25

From here you must select the appropriate segmentation algorithm according to the images
you are processing. If there is not a suitable algorithm available to you, then you can either
contact the administrator or write your own in Matlab and place it is the appropriate directory
under ‘Matlab_Files_AIH’. Once the segmentation algorithm has finished you will be asked if
you want to continue to place the points automatically or you can return and do this another
time.

Placing Points

To automatically place the points you will be asked to choose a template which will be used
as the reference template. Then you will be presented with a window similar to the one shown
below.

e

200+
2501
3001
3501
400k . : . : ] ,
100 200 300 400 500 600
Prev (-0 40-00001-Le-00004-2 g = hiext

Click Primary Poirts-

Figure 26
Here we can see that the template is shown on the left and the first image in the list is shown

on the right. We can tell that this particular image does not have any points placed already as
they are not shown on the image.
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To place the points click the “Click Primary Points” button. This will change the mouse pointer
to a crosshair and you will click in the positions of the primary points (in this case there are 5
points [the green ones]).

il

Prev |[E-0140-00001-Le-00004-2j5g = et
Click Primary Poirts-

Figure 27

This will give you a result similar to the one shown above. These points have been placed
using five clicks of the mouse, a significant saving of time. The point model file for this image
has automatically been generated. Once you have done this procedure for the rest of the
images in the list you can then use the PM Editor tool to manually place any points that were
placed accurately enough.

Subset Fitting

Subset fitting is a crude method of approximately placing point in an image. Initially the user is
asked to select a few anchor points, typically three, from the template image. Then they are
asked where these three anchor points are in the image to be processed. The algorithm then
calculates a thin plate spline deformation between these two point sets, with the condition that
the anchor points must be satisfied exactly. If the fit is not acceptable, then the user can start
to increase the number of anchor points, until the fit is acceptable. The advantage of this over
the previous method is that no segmentation is needed. However the drawback is that no
knowledge of the shape in question is used either.

Likelihood Fitting
Not Yet Implemented!!

Set Picker Tool

The set picker tool allows you to select a subset of points to be used when building the
statistical models. First you might have to ‘Clear all landmarks from Set’ Figure 28. If you
want to select a subset of these points and build a model on those, then you can click the
“Select Landmarks” button. This will change the mouse pointer to a lasso and you left click to
surround the points you want to select. To finish your selection you simply click the right
mouse button. To save the subset click the “Quit and optionally, Save” button. This will ask
you to choose a logical name to represent the selected subset of points, i.e. dorsal petal.
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File
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Template Hame: FF93_2:temp_dat
Project Hame: PRJ_D313_selsctd

Figure 28: Set Picker, for selecting a subset of points. Note the ‘Clear all
landmarks from Set’ button on the bottom left. Clicking the ‘Import List’
button causes the system to look through all Projects for matching
templates and, from these, existing relevant all subsets. One can then

augment and combine these to produce new subsets.

Once you have selected a subset of points, you will then have the option in the statistical
model generator (SMG) tool to model them in context with the mean of the other points or as
a separate unit of points.

Make a new subset, you must click on the ‘Clear all landmarks from Set’ button. Then you can
click the ‘More Landmarks’ button to select the points you wish to include in your statistical

model.

Statistical Model Generator (SMG) Tool

At this point you will have gone through the steps of processing your images and placed all
the points either manually or automatically and are now ready to create statistical models.

To build statistical shape and statistical appearance models we can now use the statistical
model generator (SMG) tool shown below.
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Figure 29: The statistical model generator.

Here we can see a set of points defined by the template and any subset that has been
selected. These points will be used to build the statistical model. We have, however, to
choose which images (point models) to use and the number of pixels to use for the

appearance model.

Modelling Subsets in Context

At the bottom right of the statistical model generator (SMG) tool you will notice a check-box
with the string ‘in context’ next to it. If you build a statistical model with this checked then your
resulting shape model (and indirectly your appearance model) will be built on all the points in
the template, with the condition that any points in the template that are not in the point set will
be set to the mean shape for that group of selected images. In this way you can see how the
points in the point set vary in context with the mean shape for that image set.

Select Images

You are able to select the images that will be used in building the
models. To do this click on the “Select Images” button, this will provide
you with the following window.

You can either select individual images by holding down the Ctrl button
and clicking the images in turn. Or you can select blocks of images by
holding the Shift button down and clicking the first and last image in the
block to be selected.

Alternatively you can select a set of images by using a filter (namely a
regular expression parser). To do this click on the “Filter” button.

The ‘wildcard’ character is a star (*). Thus, using the characters
sequence *0002* would select three files in Figure 30 that contain the
sequence 0002.

If you click the “Help” menu and select “Web Help” you will be directed to
a web page that has more information on writing regular expressions.
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Building Statistical Models

To build the statistical shape and statistical appearance model you simply click the “Generate
Models” button. This will present you with a progress bar indicating the percentage of
completeness of this process.

Once you have successfully build a shape and appearance model, you can then use the View
Stats Model (pdmwalk) tool to display the results.

View Stats Model (PDM Walk) Tool

Once we have placed the points around a set of images, chosen the subset of points we want
to use to build a statistical point and shape model, and chosen the subset of images that we
wish to use. We are in a position to build statistical shape and appearance models using the
View Stats Model tool. To open this tool click on the “PDM Walk” button in the toolbox and
you will be presented with the following window.

+ Model Viewer

| Model
PC2 v
PC3

< [ 3|
- -

PC2
PC3

| [ 5|
PC. O Yalue 0
Wialk Current Walk Al
Appearance Range: ‘ 2 | Reset Al

Contral
Import Export i Axis Oriertation— — Euclidean Dist —
( [Covac PM File | [ sl Shape Weigtts | [ import Ref. Shape | [ Save Resut | Show Appearance Model  [v] Show Landiarks ’7 Oxy Gu o
Show Edges
Praject Info.
r PRJ_D313_selectdiStatisticalModels\FFI3_2Set 1imageList_1imod_pdm mat |

Figure 31. View Stats Model (ModelViewer).

Displayed in the top left is the mean shape and appearance of the point models we have
discussed. Inside the boundary of the mean shape is the mean appearance. To deviate from
the mean, adjust the sliders on the right hand side. The change will then be added to the
mean to give a new shape and/or appearance. The top set of sliders control the shape, and
they are ordered so that the first slider corresponds to the largest principal component, the
second slider corresponds to the second largest principal component etc.. Similarly with the
bottom set of sliders that correspond to the principal components of appearance rather than
shape. To automatically run through the shape variations you can simply on the “Full Walk”
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button, and similarly to automatically run through the appearance you can click the “Full Walk
A” button. The full walk step size (smaller is better but slower), the number of components
and the image size can be altered using the menus along the top. To increase the number of
pixels in the appearance model (more is better), create a new model with more pixels. A
movie can be made by starting to record (Movie menu), running a Full walk, and stopping the
movie (Movie menu). The movie is accumulated in memory and this might run out. For this
reason, it may be necessary to increase the Walk-stepsize.

Shape Space Tool

Once you have built your statistical models it would be useful if we could visualise this space
in some way other than a walk along the principal components. This new tool is known as the
Shape Space Tool. Here we are able to create, combine and visualise groups of point
models. And more importantly if they are point models that have been created using the
template that was used to build the model, then we are also able to project or represent these
point models in the space created. An example of this would be if we had point models of an
F2 population together with the point models of the two parentals. Having this data allows us
to create statistical models based on the F2 data set. We can then project the parentals into
this space and see the relationship between them.

To start the tool click on the button shown below:

} AAM Toolbox
File Project Tools Help L
— Project Details (AAMToalbox Version 5.600) [Today: 31-Oct-2006 09:50:26]
Currert Working Project .
PRI Arabid_Antirrh Paints in Current Sample lmage
Template from ‘Pracessed

— Associated Poirt Model Template
‘ LE5S0Template 04 05 06.temp_dat  with 53 points |

— Currert Point Set
Set_1 (Original) |
|

:a,

’7Currem Image List (10000 pixels, normalised: Rotation Translation) -

ImageList_2 {Arabid_Means) ‘

— Laocation of "AAMToolbox" Matlat Fik
‘ CDocuments and SettingstaihiMy Documents\PostDoc.. ape_modelsMatlab_files_aHBAMTookoxAAMToolbox.m |

— Statistical Model: Pairt Set Image List Date Point Model set created —————————
- Relosd Model
:LESUTempIate_Uﬂl_ElS_UE\SetJ UmageList_2 [Origiral ] {Arahid_Means J03-0ct-2006 0., _j
- Showy Details
— Toal
~ ———
Image PrucessingJ l Template Editor ] [ Mewy Project I [Poim Mozl Edﬂor] [Stals Model Gen ] “iewy Stats Mol “iews Shape Space )
[Chuuss Temp\ale] [ Auto Placement J [ Poirt Sets ] o

If you have successfully created a statistical shape model, then you will be presented with the
following window:
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Quick Start
To run this tool you must do the following things

1. Add/Open groups
2. Load Groups
3. Plot Data

Once you have gone through these steps the rest of this tutorial will make more sense.

This is the main control window for the shape space tool, and we will go through the features
of this tool in order. Firstly we will address the features in the menus:

File Menu

e Quit — this exits the shape space tool and returns to the main toolbox interface

View Menu

» 1D Projection:
= Line Graph:
* Range: this option will draw a 1D line that represents the
range of the data
» Standard deviation : this option will draw a 1D line that
represents a standard deviation for that group when
projected onto that principal component
= Particles: this option will draw the particles in 1D instead of drawing a
line.
* Toggle Visuals:
= Ellipsoids: this feature allows you to specify which ellipsoids to show
in the plot. You are required to select the groups for which you want
to hide the ellipsoids. To recover all the ellipsoids, simple uncheck
and then re-check the ellipsoid check box.

Tools Menu
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e Projected t-test: this feature calculates the pairwise t-test of a selected number of
groups. Initially you are required to select the groups that define the base group
(i.e. wildtype) and then you select the other groups that you want to compare to
your base group. Finally you must select the principal components on which you
want to perform the t-test. You are then taken through the steps to save the
results to an excel file.

e Calc. Variance of Projected: this feature allows you to select a group of groups
that will be your base group. You are then asked to define a further set of groups
for comparison. Then a shape model based on your base group is constructed.
For the selected PC’s each group is projected onto each PC and the distribution
is displayed. The distribution of the base group is shown as a dashed line.

» Show PC Variances: this feature displays the variance explained by each
principal component. The plot shows percentages and other various forms for
clarity.

o Constrained LDA: this feature shows the between and within class scatter for the
model data on each PC.

e Units:

= Raw: this option plots the particles using the raw deviations from the
mean.

= Standard Deviations: this option plots the particles using the standard
deviations from the mean.

Groups Menu

e Clear Groups: this option clears the groups that you have opened and loaded.
You will see that the Group panel is emptied
*  Ordering:
= Automatic: this option will order the groups in the 1D view according
to the mean of the group. The higher the mean the further up the
ordering that group will be.
= User Defined: in this feature you force the 1D view to order the
groups according to your choice (see Groups Menu -> Define Order)
» Define Order: here you can define your custom ordering for your groups, this is
the order that they will appear in the 1D view.
» Random Colour Groups: selecting this option will assign a random colour to all
the open groups. To show the colours you will have to click ‘Plot Data’ to show
the difference.

Windows Menu

» Shape Window: this toggles showing the shape window
» Appearance Window: this toggles showing the appearance window

Vectors Menu

e Import: this option allows you to import vectors from an excel file. Each column of
the excel file represents a vector, and the row of the excel file corresponds to the
principal component for that vector. IMPORTANT: the sheet name must be
‘ShapeVectors'.

e Draw: this option allows you to manually draw vectors. You can only do this when
you have two principal components selected (i.e. you have a 2D plot). To draw
you simply left click in the axis where your groups are plotted and keep left
clicking until you have drawn all your vectors. To finish you right click your mouse
button on the plot. You will see a message in the Matlab window to tell you that
you have finished.

» Export: you can export your vectors to an excel file, this option creates a sheet
named ‘ShapeVectors’ within your specified file.
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Walk: this option allows you to see the effect of walking along your specified
vectors.

Print Vectors: here you can display the currently loaded vectors in the Matlab
command prompt.

Clear Vectors: this option clears any of the current vectors so you can start from
scratch.

Right Clicking the Particles

To retrieve information about a particular particle in the current plot you can right click on any
point and you will be presented with a drop down menu with several options (shown below):

PCA 2

H00[ £l 100}

50+

50|+

100}-4-

} Figure 1: Shape Window g@@ + Figure 1: Shape Window
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Original Image: clicking on this option will open a new window showing the image
that corresponds to that point, and its point model.

Show PC Values: this option will print out the currently selected PC values to the
Matlab prompt. Here it would display the PC values for principal components 1
and 2.

Distance: this procedure has two parts. You first click on the starting particle, and
then you are asked to click on a second particle. Then a new figure is created
and the values of the principal components to get from one to the other are
plotted.

Add Shape To Vectors: this option adds the current deviation vector to the shape
vectors (see Vectors Menu). You can build paths like the one shown below:

N.B. REMEMBER TO CHECK THE VECTORS CHECKBOX!

Display Options Panel

Dr. A. I. Hanna

Choose Shape Axes: this lets the user define which shape PCs should be
displayed. The maximum number allowed is 3.

Choose App. Axes: similarly this lets the user define which appearance PCs
should be displayed. The maximum number allowed is 3.

Fit Surface: this button fits a surface around each group, the surface is controlled
by the parameters in the Surface Quantization panel. This panel tells the toolbox
how coarsely the shape space should be broken up.

Plot Data: this button does exactly what you would expect. It re-plots any data.
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Isosurface Panel

e |sosurface Level: this slider controls the isosurface for each group. If you have
clicked the Fit Surface button then each group will be assigned a volume, and
surfaces can be extracted from this volume based on their values. This slider
controls which surface should be displayed.

Surface Quantization Panel

e dx: edit box to define the number of components in the x direction for building a
volume and extracting a surface.

» dy: edit box to define the number of components in the y direction for building a
volume and extracting a surface.

» dz: edit box to define the number of components in the z direction for building a
volume and extracting a surface.

Plot Options Panel

» Group Means: toggles the group means

» Particles: toggles the particles

e |so-Surface: toggles the isosurface’s

» Vectors: toggles the shape vectors

» Group Labels: toggles the group text labels

» Ellipsoid: toggles all the groups ellipsoids

» LDA: re-plots the data using LDA vectors

» Area Vector: toggles the vectors that points in direction of increasing area

Dimension Panel

e Dimension: this panel lets the user know how many principal components are
currently being plotted.

Group Panel

» Group Pane: this pane shows you all the currently opened groups.

e Add: this button brings up a list of available point models and allows you to select
which ones you would like associated with a particular group.

* Import: this button allows you to import groups from another groups file.

» Delete: this button deletes the currently selected groups from the group pane.

e Change Color: this button changes the color of the currently selected group.

e Combine Groups: this button allows you to combine groups into a super group

» Load: this button allows you to load the currently open groups.

e Open: this button allows you to open and display a valid groups file.

e Save: this button allows you to save a groups file.

Group Members Panel
» Group Members: this pane shows the elements of the currently highlighted group.

The colour of the text corresponds to the colour of the particles and the ellipsoid
for that group.
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Creating Figures for Papers

Often you will want to create figures for papers, and it is also clear that these figures can be
similar from paper to paper. For this reason we have started to create a library of figure
creating scripts. There are two ways to access these
scripts; the first way is through the View->Figures for
Papers menu in AAMToolbox main panel. When you
choose this menu item you are presented with the dialog
box shown on the right.

<} Figure Creator

Figure

( Show Template ]

( Show Eflects of PC's ]

( Show Effects of Signifcant PC's Extract From T-Test ]

In this dialog, there are several buttons, each
corresponding to a different figure.

Show Template Button

This is a very common figure to generate. It is useful in _ //\
figures and papers to show the overall structure of the point K\:w/

model being used in the statistical model. To show this

figure you are asked to first select a template file, and then /
you are prompted for the colour of the secondary points and N
then the colour of the primary points. o

Show Effects of PC

This script is very informative for
describing the effects of a particular
model. When you select this kind of
figure you will be asked if you want to
use the current model. That is, by
default it can use the model that you
are currently working on in the
AAMToolbox. If you want this figure for
another model, you can either move
directory in the AAMToolbox or you
can select a custom model. If you
choose not to use the current model,
then you will be prompted for the
directory of the model you wish to use.

boododed
bobodbé

There are then several questions that you must answer before the figure is created (there are
always default values). The questions you will be asked are shown below:

Which principal components do you want to display?

Do you want to use the mean from the model?

Enter the vertical space at the command prompt.

Enter the horizontal spacing at the command prompt.

Do you want to flood fill your template in the figure?

Do you want to use the convex hull from your shape to control the area (this is
useful if you have internal points)?

How many standard deviations do you want to show?

ogkrwbE

~

Show Effects of PC Extracted From T-Test
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Making Movies

In the several of the tools in the AAMToolbox, there are features that allow the user to
demonstrate results via animations. If you want to make movies of these animations there is a
quick and simple way to do so.

CamStudio (http://www.camstudio.org/) is a free piece of software that allows the user to
select a region of the screen and record any animation within that region. There are tutorials
on the CamStudio website on how to do this, but | will give a quick overview here.

Below | have tried to give a brief overview of how to select a region on the screen for

recording, the procecess go from right to left. Initially we select the fixed region menu item,
then we clicked the Select button from the fixed region window, then we held down the left
mouse button and dragged the rectangle over the area of the desktop we are interested in.

EJ CamStudio D|§|@ Fixed Region X - Sy
Fixed Region

-y [& CamStudio

Gickanddoota [ eed ] (Lo 610 Top 325 Wiah 414 reight 548)

File Options  Tools  Wiew Fixed Region

Helpl  Region

[ Fixed Top-Lef Comer

¥ Fired TopLat Comer

Lsft Top = T Camtasia Sthidio

: & P T
2 & Width Height i
RenderSoft M B =
Width Height ‘m [344
H Screen Recarding Serve
E 238 363 ¥ Drog Comersto Pen Efiresscfn e
El CamStudio S e e
OPENSOU3CE - - ]

ok cancel |

Capture a fixed size region Mok aDonation

The next step is to click on the big red button which starts the recording, and then the big blue
square button to stop the recording.

Point Models Classification

Using this tool you can select groups to classify against, and you select groups of point
models to classify and then save an Excel file of the results. Lets say you have already
created a groups file called Groups_001 and that groups file contains two groups called ‘A’
and ‘B’. Group ‘A’ contains 4 point models, and group ‘B’ contains 5 point models as can be
seen below:

-) Shape Space Viewer Eﬂi\@

File View Tools Groups Windows Wectors

— Detail

 Display Opt — Group
Choose Shape Axes ~|
Axis Equal |
r i [ add | oot ][ Delete | [Change color]
Isosurface Level : 0.5
: » ICnmhlnEGruups]l Load ][ open [ Sawe |
— Siface Qi — Group Mermb
10| 0 0|
de dy dz
) pm.ma
1) 10810y pm. mat
L —

Group Means Group Labels
Particles [1Etips..

[ lse-Surface []LDaA

[ wectars [[] Area Vectar
D

Q1 ®z20 O3Dd

Shape PC's 123
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Suppose that we also have a group file called ‘Groups_002’ that contained a group called ‘C’
that we wanted to classify to make sure the classification processed works. Then we would
select ‘PM Classifier’ from the ‘Tools’ menu as shown here.

-} Shape Space Viewer

This will open up a dialog box like the one below. From File View U8 Growps Windows Vectors B
this dialog box you will select the groups file that contains Projected T-Test
) . . - Detalls— - projected Rarked T-Test
the groups you want to classify against, i.e. the one that iy [ R
Conta|ns ‘A' and ‘B'. E Show PC Variances _irl
o Corstrained LDA (uses PC's)
Open Group 21X 7 y
. R - (i |
e ] Groups. J0Lmat ‘_‘WSIWWHPE”EL | [ s ][ wpon ][ Deete | [change Colar]
Isosurface Level @ 05
SAD)/CT;CET’VT; 11 N Combine Groups] | Load ][ open ][ sae |
B — Surface Quantizatio — Group Memb
Desktop o] 1o [ ] ) 101644 7;(‘
dx dy dz % } lrvrw‘ \r\ail' i)
1) 100104 pm mat
— Plat Options
Wy Documents [ Group Means  [¥] Group Labels
=2 [¥] Patticles [C1Elips...
fﬁg [1s0-Surface [JLoa
i Comptar [ Vectars [] Aves Vectar
o DO
"__1} ’7 Ot @2p (O3D 3
My MNetwark
Places _ Shape PC's 123
File name: | ﬂ Open
Files of type: |MAT—|i\es (* mat) ;] Cancel

In our example the groups file is called ‘Groups_001" as we noted above. Once you have
selected your groups file, you will be asked to select which groups from that file you want to
classify against. To do this, simply highlight all the groups you want to use from the presented
list box as shown below:

At this point we have selected the group(s) that we want to classify Select Groups 1o Classify Aganst:
against, that is, we have chosen the different classes that we want
to test a new point model against. The next thing to do is select the
point models we want to test. It is assumed that you have collected
these point models into a group file, in our example it is called
‘Groups_002’ which contains a single group called ‘C’. You will
now be presented with another ‘Open Group’ dialog box; from this
box you should select your equivalent of ‘Groups_002'. Again you [ Select al ]
will be asked to select the groups from this file that you want to
classify using the list box as we did earlier. The last thing you have | | OK J [ concel ]
to do is choose a filename to save the excel output to. To do this
you will be presented with the ‘Pick an Excel-File’ dialog as shown here. Simply type the
name of your excel file and hit save.

Pick an Excel-file

Savein: |3 PRI_butieflies -] ~EcsE-
3 ©2Cropped
P e
Documents | 20ridinel
= (DPointModels
B (D StatisticalModels
Desktap D Templates
Fclass_test. s
My Documents
3
by Computer
.
= ]
My Netwark
Places |
File pame | | Soue
Save as type = = | Cancel
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Your saved Excel file should look something like this:

B Microsoft Excel - class_test.xls

E"ﬂ File Edit Miew Irsert Format Tools Data Window Help
4 -8 x

i 100% vﬁiArial y10 /B zu|= [

N R Y| e RS ] .
Al - A Point Model Name
A [ B & | B m
Point hModel Name (Group Classification
10164d_pm.mat
10164v_prm mat
10810d_pm.mat
10810v_pm mat
11227d_pm.mat
11227v_pm mat
11229d_pm.mat
11229v_pm mat
11232d_pm.mat
11232v_pm.mat

=4

TODDODWE Er >

==

13 ] v
M4 H\Sheeti/( SheetZ[ Shee] < =
Ready

In the left column are the point model names that were in the group(s) you selected to
classify, and on the right are the assignments to the groups you chose to classify against. So
for example here we can see that it has assigned point model ‘10164d_pm.mat’ to model ‘A’,
and indeed this is the correct assignment.

If at any point to see this dialog box then you have selected a group file that does not have
any shape information stored in it. To rectify this, all you have to do is open you're the
problem group file in the Shape Space Tool as usual, then you load your group data, and then
you re-save your groups file. By loading the data you populate the group file with the shape
data. Once you have done this you can then carry out the classification procedure as normal.

) Group Error El@@

There is no shape data in wour group file. To correct this
simply open your groups. load the groups
and then re-sawve the group.
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Often you start a model with a simple template, perhaps just ten or so points. Then, having
annotated a set of images to create a set of point-models and built statistical models it
becomes clear that more points are required. Either, create a completely new template (with a
new name) and mark up all the images again (create a new set of point-models) or, update
the current template by adding new points and give it a new name. In this case, the system
can copy all the existing point models into a new directory adding in the new points as it goes.
Of course, you still have to use the PM Editor to place the new points in the correct position,
however, there is no need to alter the old points. This means that it is easy to add a few new
points to an existing set of point-models.

Step 1: Add new points to a template, e.g. Templates\Faces5.temp_dat, and saving it with a
new name, e.g. Templates\Faces10.temp_dat.
Use the ‘Template Editor’. Load the old template (Template menu) and add new
points. Alternatively, load a copy of the already updated template from another
project.

Before saving and quitting ...

Step 2: Update the old point-models, e.g. PointModels\Faces5\* pm.mat, and saving them
with a new name, e.g. PointModels\Faces10\* pm.mat.
In the ‘Template Builder select ‘Import and update Point Models’ from the ‘Template’
menu. Select the old point model directory.

Now, save and quit using the ‘Quit (and Save)’ button

Step 3: Moving the new points into their correct places
Use the ‘PM Editor’

Updating existing templates and point models

If you choose to make a global update in the global editing tool, then you will find that the
Point Model Template (PMT) that you store in your project is different from someone else who
is using the same template.

To get around this, there is a utility called “UpdatePointModels™ which is launched by typing
>> UpdatePointModels

for two template files
e The first template file is the new modified template file
e The second template file is an existing template file that needs to be modified
together with its corresponding point models (located in
“PointModels\<templatefilename>").

After you have selected the two template files, all the templates and the corresponding point
models will be updated.

In future versions this process will be automated asking the user for a root directory to search

from. All templates with the same name and hence corresponding point models below this
root directory will be updated.
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Comments

It is the hope that this software is sufficiently bug free to be able to build simple models. There
will be bugs! If you encounter a bug whilst using the software, please do the following:

1. E-mail aih@cmp.uea.ac.uk and report what program you were using and please copy
the error that appeared at the Matlab prompt, e.qg.

Command Window
Data.handles = AlignZoom(Data. handles);

727 Error while evaluating figure CloseRequestFon

K> delete(gef)

K== get(get(handles AAM, FPaointMadelTemplate), direc]
Kz

== AAMToolbox(init', ‘aik

Authar: aih, model editing allowed

model =

StatisticalModelsiternpalte Tstempaltel.model_dat

7?27 Error using ==»> graphics\private\clo

Bad handle

Error in === cla at 29
clofax, extra{:});

Errar in === ModelBuilder=Setuphdodel at 928
clathandles.templatedxes);

Errar in === MadelBuilder at 23
Data. handles = Setuphodel(Data.handles); J

Errar in ==> AAMToolbox at 52
MadelBuilder(init;

27 Error while evaluating uicontrol Callback.

-
1| | »

4\ Start
2. Also please attach a sample of the data that you were using to create the bug.
3. Please copy any information in the bug sheet at the bottom of this document giving

your name, data, and the name of the program you were using, and the error from the
command prompt.

Allometry model — the Mathematics

Descriptive version

Images of node 4 leaves were cropped into single files. They were rotated to make every leaf
horizontal and oriented in the same direction. Images were then cropped to the leaf borders,
their size reduced to ¥ of the originals. Each leaf was finally centred in a 400x400 pixels
image using Adobe Photoshop 7.0 (Adobe Systems Inc.). Final alignment was made by
manually rotating each image such that the mid-vein was horizontal and each image
was automatically centered to the centroid of the coordinate values.

A leaf point model was created by dotting nineteen points around the leaf silhouette (Fig 2).
Primary points (black points on Fig 2) were at the leaf attachment point, the distal limits of the
pedicel, the maximum lamina width points and the leaf tip. Secondary points (circles on Fig 2)
were equally spaced between the primary points (the pmplace routine helps by automatically
sliding the points long a cubic spline fitted to the points). The positions of n points for each
leaf ([X; Yjl, j=1,...,n) were manually selected using “pmplace” function of the ‘Shape model
toolbox’ that automates the rest of following process. The points for each leaf are saved in
separate files each containing 2n data values. The mean shape is calculated from M leaves,
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L =N
[Xj ,Yj]wherej =1---,N, and the mean Xj = in,j/N and likewise for Y (ignoring
i=1

the distinction between primary and secondary points). Differences between shapes
associated with differing species are reflected in the way leaf shapes differ from the mean.
This is captured by subtracting the mean from each point

I.Di,j =X~ )7]- Dinei =Y —Y]J notice that the X and Y differences are concatenated
into a single data vector forming a column of 2N values. D is a 2n column by M row data
matrix where each row represents a leaf and each column a set of measurements.

i,n+j

Unfortunately, the measurements are correlated, i.e. if one compares a wide leaf with a
narrow one, adjacent points tend to differ in similar ways. In other words, the measurements
do not provide a compact description of shape. To find a compact linear description of shape
we can construct the smallest set of linearly independent vectors that span the space of
interest. To find independent (orthogonal) measures of shape, the differences for each image,
D;, are represented as a linear combination of orthogonal principal components

D, =b p, +b.p, +b ,p, +...+b P, where p; is the I principal component and by is

a weight. Thus each leaf shape, i, has a vector of weights b;. To the extent that D can be
represented linearly in this way (there may be underlying non-linearities) the weights, b;;,
associated with leaf i are j independent measures of shape that can substitute for D;;.

Principal component analysis (PCA) is used to find P where P=[py p; ... P2ni] , Such that
bi =P'Di where the superscript tick, (.)’, denotes the transpose (a capital T is an

alternative). The components are ordered to account for decreasing variance and it is found
that a good representation of the shape of leaf, i, can be made using the weights of just the
first three components [bio bi 1 b;,]. These account for most of the variance of shape about the

mean shape. The estimated shape, D., corresponding to just these components,

i
Bi =[b,'0,b,'1,b,'2 ,O,...,OZn_l], can be found from D, =Pb,, Figure 3. P is called the Point

Distribution Model (PDM) and it is obtained from D in Matlab by finding the covariance matrix,
C=cov(D), the eigenvectors (E), where [E,V]=eig(C), and by sorting E by decreasing
importance according to the eigenvalues, V (the covariance of E). Thus, [vals, l]=sort(diag(V),
‘descend’) and the PDM is the sorted eigenvalues, P=E(:,l). Fo find b from D in Matlab use

b(i,:) =P *D(i,:);and conversely D(i,:) =P*b(i,:); Since the original images are not

normalised by size (area) the PDM captures variations in size along with shape and is,
therefore, a model of leaf allometry.

Formal version

Images of node 4 leaves were cropped into single files. They were rotated to make every leaf
horizontal and oriented in the same direction. Images were then cropped to the leaf borders,
their size reduced to % of the originals. Each leaf was finally centred in a 400x400 pixels
image using Adobe Photoshop 7.0 (Adobe Systems Inc.). Final alignment was made by
manually rotating each image such that the mid-vein was horizontal and each image
was automatically centered to the centroid of the coordinate values.

A leaf point model was created by dotting nineteen points (for clarity we will refer to these
points as landmarks throughout the rest of the paper) around M leaf silhouettes (Fig 2).
Primary points, N,, (black points on Fig 2) were placed at the leaf attachment point, the distal
limits of the pedicel, the maximum lamina width points and the leaf tip. Secondary points, N,
(circles on Fig 2) were equally spaced between the primary points. The positions of N= N, +

Ns points for each leaf ( XYl j =1,...,N) were manually selected using the “pmplace”

function of the ‘Shape model toolbox’ that automates the rest of following process. Each leaf
is associated with a condensed landmark vector given

by X =[X1, Vi %o, Youeen Xy Yy ]T 002% where ([)]T denotes the vector/matrix transpose
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operator and[] the set of real numbers. Minimizing the sum of squared deviations via
procrustes analysis, involving translation, rotation and scaling terms, we can calculate the

mean shape leaf shape, l)_(j,yjj,j =1...,N, from the M set of landmark points. It is

important to note that during this process there is no distinction made between primary and
secondary points.

Differences between shapes associated with differing species are reflected in the way leaf
shapes differ from the mean. This deviation from the mean can be calculated for each of the
M leaves considered by subtracting the mean shape from each of the leaf shapes. If we now

let [)gj ,)/H-J denote the j" landmark point for leaf i, and di the deviation from the mean for
leaf i, we can write this deviation in vector notation

ani:[)ﬁ,l_)_(l’yi,l_yli)gz_)_(Z’yi,z_yzv"’x,N_)_(N’yi,N_yN]TDDZNx-L' and again

notice that we have condensed this into a column vector using the method described above.

Often the landmark measurements are correlated and therefore do not provide a compact
description of shape. To find a more compact linear description of shape, we can construct
the smallest set of linearly independent vectors that span the space of interest. It is our desire
not to only have a set linearly independent basis vectors, but to find a set of orthonormal
basis vectors. To find these independent (orthonormal) measures of shape, we perform
principal component analysis (PCA) on the landmark data. For now we assume that we have
constructed a set of orthogonal basis vectors, called principal components, denoted

byp U 2N “we can represent the differences for each image, di as a linear combination
of these orthogonal principal components asd; =b ,p, +b ,p, +...+b , 4P,y where
p, O0*™ is the I principal component and by, is the I weight for shape i. In this way each
leaf shape i, has a vector of weights given by a vectorbi = PTdi. We can represent the
principal components in matrix form to give P = [po,plY.._’pZN_l]DDZNXZN. We can now re-
write the deviation for each shape i asd, = Pb; . Since the columns of P are orthonormal we

have PPT = P"P =1 where | denotes the identity matrix.

To find a suitable matrix P we perform PCA on the landmark data by calculating an estimate
of the covariance matrix as

e 1)de

The principal axes of the 2N" dimensional point cloud are now given as the eigenvectors
of X . If we denote the i eigenvector as /1i , then the following identity is true,

Ip, =Ap;

The eigenvalues and corresponding eigenvectors are ordered to account for decreasing
variance and it is found that a good representation of the shape of leaf, i, can be made using

the just the first three principal components,P,, P;and p,. These account for most of the
variance of shape about the mean shape and is achieved by setting the corresponding
weights for the other principal components to zero. The estimated shape,di corresponding

to just these components, Bi = [bI 0B1,0,0... ,OZn_l] can be found fromai = Pf)i .

P is called the Point Distribution Model (PDM) and it is obtained from di in Matlab as follows:
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Since the original images are not normalised by size (area) the PDM captures variations in

size along with shape and is, therefore, a model of leaf allometry.
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