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1. Types of experiments

There is an unlimited types of experiments that can be designed using this protocol, and experimental
design can vary between experiments to explore new questions in art and art history. Here are several
examples of experiments that can be done.

1.1. Network of similarities between artists

The experiment profiles similarities between different painters, and produces a network of influential
links between different painters. The painters can belong in different schools of art or artistic styles. The
following graph shows the results of a previous experiment with 35 western art painters (Shamir &
Tarakhovsky, 2012).
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1.2. What artist had the strongest influence on another artist?

The computer will then assist to determine which of the artists is the most similar to the studied painter.
1.3. Profile the change in the artistic style of a painter

Paintings from different eras in the painter’s career and life will be collected. The computer will profile
the changes in the artistic style, and the profile can be compared to artistic and biographical data about
the painter.

1.4. Chronological progression of artistic style

In the experiment paintings from different eras will be analyzed, and the computer will generate a graph
showing a quantitative analysis of the change, identifying periods of rapid changes as well as periods in
which the change in artistic style was mild. For example, the following graph was produced by the
computer analysis of European art paintings from different centuries.
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Another example is the following graph, combining different times and different locations where the
paintings were created.
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1.5 Similarities between art in different geographic location

It can be assumed that art evolved in a certain geographical location influenced artists in other
geographical location. Computational analysis can reveal artistic similarities between art in different
geographical location, and quantify these similarities. By collecting images of paintings created in each
geographical location, the computational analysis can provide a network of similarities between the

visual content of art created in different geographical locations.

French Art
Italian

Indian Art
Chinese Art

Paintings from different geographical locations can be combined with paintings by individual painters to

identify the influential sources on these painters.
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2. Collecting the data

Once the experimental design is completed, and the painter(s) or paintings that will be used for the
experiment are known, data should be collected. The data used in all of the experiments are digital
paintings. The digital paintings are image files, in most cases JPG file (compressed image files). Each
painting image file is also associated with the metadata. The metadata can be the name of the painter,
title of the paintings, genre of the paintings, and year in which the painting was created. The metadata is
collected and stored based on the need of the experiment. For instance, in the case of experiments 1.1
and 1.2, the only metadata needed for each painting is the name of the painter. For experiment 1.3 the
year in which the painting was created is also needed. In experiment 1.4 the required metadata can
vary, and can be the school of art, year of the painting, or other metadata based on the experiment.

There are numerous sources for digital paintings.

1. Google art project (https://www.google.com/culturalinstitute/project/art-project).

2. Wikimedia (http://commons.wikimedia.org/wiki/Main Page). Wikimedia also contains many of

the Google Art project
(http://commons.wikimedia.org/wiki/Category:Google Art Project works by collection?usela
ng=en-gb).

3. The Metropolitan on-line collection (http://www.metmuseum.org/collection/the-collection-

online).
4. The Louvre museum archive and on-line databases (http://www.louvre.fr/en/moteur-de-

recherche-oeuvres?tab=3#tabs).

5. Museum of Modern Art (http://www.moma.org/explore/collection).
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6. Guggenheim Museum collection (http://www.guggenheim.org/new-york/collections/collection-

online).
7. Art Institute of Chicago (http://www.artic.edu/aic/collections/).

8. Tate Galley collection (http://www.tate.org.uk/art/).

9. Image search engines such as Google Images (http://images.google.com), Yahoo Images

(http://images.search.yahoo.com/), Quality Image Search (http://qualityimagesearch.com/),

Bing Images (https://www.bing.com/images/).

One of the most effective sources from which digital paintings can be obtained is Google Images
(http://images.google.com). Google Images is not an on-line art collection and is not designed

specifically for searching digital paintings, but as a general comprehensive search engine it can be used
to search and download digital paintings. Other search engines such as Bing Images can also be used,
and will likely find images not found by Google Images.

For instance, assuming that we are interested in paintings of Claude Monet, here are the steps for
obtaining digital paintings from Google Images.

1. Go to Google Images at http://images.google.com.

2. Type the name of the painter, in our example “Claude Monet” and click the search button.
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3. That will bring a list of thumbnails of Claude Monet images. However, many of these images are too
small for effective computer analysis. Therefore, we need to search for images that are larger than
800x600 pixels. To do that, we need to change the search settings by clicking the “advanced search”
option at the top right corner of the screen.
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4. After clicking the button, choose “Advanced search”.
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5. Inthe advanced search, find “image size:”, and then select “larger than 800x600”.
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results by. .
image size: any size >  Find images in any size you need.
. Larger than 640=430 A ) :
aspect ratio: Specify the shape of images.
Larger than 800=600
colors in image: Larger than 1024=768 Find images in your preferred colors.

) Larger than 2 MP
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Larger than 4 MP

region: Larger than 6 MP Find images published in a parficular region.
Larger than 8 MP

site or domain: g v Search one site (like =sfmoma.org ) or limit!
Larger than 10 MP like .edu, _orgor .gov

Then go to the bottom of the page and click “advanced search”.

Google Images will then show thumbnails of images the meet the search criteria that we defined.
To collect the digital images and save them to the hard disk, you should click the thumbnail of the

image that you want to save. Google Images will open a small window with the image displayed in
the left side of it.
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Madame Monet And Her Son,Claude...

In that window, right click the larger image in the left side of the window, and then select “save

picture as...”, and save the image to the folder of Claude Monet paintings. That ensures that the file
saved to your hard drive is the large image file, and not the small thumbnail, which is useless for
computer analysis. The collection of digital paintings should be repeated until at least 30 digital
paintings for each artist are obtained.

Obviously, you should avoid using images that has watermarks, labels, frames or any other feature
that is not in the original painting. Such content that was not created by the artist can add noise to
the data and degrade the ability of the computer to analyze the artistic style. Here are some
examples of images that should not be part of your dataset.



Organizing the image files in folders: The organization of the image files in folders is very important

for the experiment, and the processing of the files depends on the correct organization of the files
in folders. Saving the files in a fashion that does not follow the correct folder structure might
require substantial efforts in organizing the files after they are downloaded and stored.

The image files should be saved to the hard drive such that each group of image files used in the

experiment is saved in a different folder. For instance, in experiment 1.1, each group of image files

is a painter. Therefore, the experiment folder will have sub-folders of different painters:

Organize = Include in library =

. sample_project

| painters

|

ipg
Barnes
Dali

. DaVinci
/ monet

. Rothko
| Signac
YanGogh
Warhol
tif

Share with = Burn Mew folder

“ B Name .

| Barnes

. Dali

L DaVina

.. monet

. Rothko

. Signac

. VanGegh

| Warhol

Each painter has a sub folder in which the image files should be stored. For instance, all image files
of the paintings of Mark Rothko should be placed in the folder “Rothko”, while all image files of the
paintings of Paul Signac should be saved to the folder “Signac”. It is important to avoid using space
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in folder names, as spaces might make the command line more complicated after we copy the
folders for processing in the cluster.

All painter folders in the example are sub folders under the folder “jpg”. The reason is that these
are the JPG files downloaded from the internet. The processing will be done after converting the
JPG files to TIF files, as will be explained later in this document.

In the case of an experiment that is based on schools of art, each image file of a painting needs to
be saved in the folder of that school of art. For instance, all images of mannerism paintings should
be saved in the “mannerism” folder.

File Edit View Tools Help

Organize » Include in library - Share with - Burn Mew folder
schools_of_art gt Mame .
irg

o abstract_expressicnism

abstract_expressicnisrr o

o EXPressIonIsm
EXPressicnism .

. Mannerism
Mannerism

pop_art

pop_art

tif

3. Preparing the image files for processing (pre-processing)

The image files collected from the internet need to be processed before they can be analyzed by the
computer. The processing includes two primary tasks: converting the JPG files to TIF files, and
normalizing the size of the files. Fortunately, these two tasks can be achieved in one step using a simple
image processing tool.

Converting JPG to TIF: The JPG (Joint Photographic Expert Group) image format is a “lossy” compressed
file format. That is, the files are designed to store image information such that the size of the file is a
small as possible, and therefore browsers can quickly download and display the images. The image
analysis tool that will be used later in this document reads TIF images, and therefore we need to convert
all JPG files to TIF files. Many image analysis tools and on-line services can perform such file conversion.
In our experiment we will use a software called “IrfanView”, which can convert the file format and
normalize the image sizes at the same time.

Normalizing the image size: The image files collected from the internet are all larger than 800x600

pixels, but are still of different sizes. For instance, a file of 1500x1200 pixels is also larger than 800x600,
and therefore can be included in our dataset. However, analyzing files of different sizes might add noise
to the analysis done by the computer, since the size of each image file can affect the way the image file
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is analyzed. Therefore, we need to normalize the image files so that each image file has the same
number of pixels.

To convert the files to the TIF file format and to normalize the number of pixels, we can use a simple yet
effective image processing tool called IrfanView. To use the tool, we will first need to download and
install it. IrfanView can be freely downloaded from its web site http://www.irfanview.com. Then, click

on the “download” link and select the source from which you want to download the program.

After IrfanView is installed on the computer, we can use it for file format conversion and image file
normalization. For that, we first need to run IrfanView, click on the “File” menu at the top left of the
window, and then select “Batch Conversion/Rename...”.

[File] Edit Image Options View Help

Open... ]
Reocpen Shift+R
Open Recent files 3
Open with external editor »
Open as »
Thumbnails T
Slideshow... W
Start slideshow with current file list Ctrl+W
Batch Conversion/Rename... B
Search files... Ctrl+F
Rename File... F2
Maove File... Fi

The “Batch conversion” window will open. To normalize and convert the file format of the image files in

one batch you should do the following:


http://www.irfanview.com/
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1. Inthe top right part of the batch conversion window there is a file selection box titled “Look in:”.
You should click that box and select the root folder of the subfolders of the image files you
downloaded from the internet. That will tell IrfanView to search for all files in that folder. After
selecting the root folder, you should see the sub folders in the small window below the “Look

in:” box.
Lockin: |, jpg - @ _? - "
[ Mame . Date modified Type =
. Barnes 6/16/2014 12:34 PM  File folder A
. Dali 6,/16/2014 11:36 AM  File folder 1
. DaVinci 6,/16/201412:26 PM  File folder
Options . monet 6/16/2014 317 PM File folder
. Rothko 6,/16/201412:29 PM  File folder -
Advanced < m | "
File name:
Files of type: | Common Graphic Fies - |
Cptions

2. Now we need to tell IrfanView to look for image files inside these sub-folders. For that, we need
to check the checkbox “Include subdirectories” at the bottom left of the batch conversion
window (above the “Start Batch” button).

ze cument (look in’) directory Browse

Include subdirectories for ‘Add all’; not saved on exit)
[7] Show Preview image

| Start Batch ]‘

3. Now, you can click the “Add all” button. All image files in the subfolders will be shown in the
window below that button. These are the image files the IrfanView will process and convert.
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Files of type: | Common Graphic Files v
[ Sort files ] [ Add ] [ Bemove ] [ Move up ] [ Load TXT ]
ALt 11 [ Add all ] [ Femove all ] [ Move down ] [Sa\re as TXT]

4. Now we need to select the output format. As mentioned above, we want to convert all JPG files
to TIF files. For that, we need to select “TIF — Tagged Image File Format” in the “output format”
drop down list in the top left part of the screen. Also, make sure that the checkbox “Use

advanced option (for bulk resize...)” is also checked.

() Batch conversion - Rename result files

Batch conversion settings:
Output farmat :

[TIF-Tagged Image File Format v] [ Dptions ]

Use advanced options ffor bulk: resize...)

5. We also need to specify the output folder in which IrfanView will save the converted files. That
is done by clicking the “Browse” button of the “Output directory for result files:”, and then
selecting an output folder, which has to be different from the input folder.

Output directory for result files:

“art“sample_project\painters it

[ Use cument (look in’) directory

Include subdirectories for ‘Add all'; not saved an E}l:i‘t}'

6. Steps 1-5 above complete all necessary steps to convert all files from JPG to TIF. However, we
also want to normalize the size of the image files. For that, we need to click the “Advanced”

button to open the advanced image processing option window.
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Batch conversion settings:
Output format:

[TIF-Tagge.-d Image File Format v] [ Options ]

Use advanced options for bulk resize...)

Batch rename settings:

Mame pattem:

In the advanced image processing window, check the “RESIZE” checkbox, and then click the “Set
new size:” button. Then, select the “Set image size to:” button and type “0.5” in the edit box.
That will tell IrfanView to set all image files to a new size of 500,000 pixels.

Left bottom Right bottom
RESIZE:

@ Set new size:
(71 Set one or both sides to:

Width: Height :
128 128 —
@ p
(71 Set long side to: i) em

(7) Set short sideto: | 800 (U inches

i@ Setimage sizeto: 0.5 MegaFixel

(71 Set new size as percentage of orginal:

In the “MISCELLANEOUS:” section, make sure that the “Create subfolders in destination folder”
button is checked.

MISCELLANEOUS:

Ovenwrite existing files

[] Delete original files after conversion
Create subfolders in destination folder

mngs [] Save files with original dateime

ttings Apply changes to all pages (TIF/POF saving)

ttings [] Custom processing order | Change order
- [ Load settings ] [ Save gettings ]

When done, click the “OK” button at the bottom right of the window. That will bring back the
“Batch conversion” window. Now we just need to click the “Start Batch” button in the bottom
left corner of the screen. That will start the batch conversion and processing of the images.
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Include subdirectories for "Add all’; not saved on ext)

[] Show Preview image

Start Batch

Run test rename Preview image

The batch conversion will take a few seconds, depends on the number of images you need to
process. In the end of the batch conversion, all files will be in the output folder that you specified.
The image files will be in subfolders created automatically by IrfanView, and all files will be of the
same number of pixels, and in the TIF file format. The output of IrfanView will be the input of the
image analysis software that will be described in the next section.

4. Copying files to the server

Each image file is a large collection of pixels, that together contain all information about the visual
content. While these pixels can be displayed as an image that can be easily perceived by the human
brain, machines are much less effective in working with large collections of pixels. To allow machines to
work effectively with images, we first need to represent each image by a set of numerical value that
reflect the image content. These values are called “numerical image content descriptors”, or “image
features”.

In the experiment we will use an image analysis tool called Wndchrm (Shamir et al., 2008), which is an
open source and freely available software. Wndchrm requires substantial computing resources, which

are not normally available when using standard laptops or desktop computers. If you work on a
powerful PC you might be able to compute the numerical image content descriptors on your own
computer, and that process might take several hours or even a few days to complete. So if you work on
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a powerful computer that has four or more cores and you have no more than around 150 images you
can just compute all files on your working computer without transferring the files to the server. That,

however, might easily take a day or sometimes more to complete. To reduce the response time, the
processing of the images will be done on a server with multiple processors.

To use the server, we first need to transfer the files from our laptop to the server. That will be done by
using the PSCP utility. Pscp.exe is a compact computer program that can be used to transfer files
between computers over an internet connection. It is the Windows version of the commonly used Linux
SCP (Secure Copy) program. With PSCP you can transfer files from your laptop to any other server on
which you have an account, or copy files from any server to your laptop. PSCP is a free software that can
be downloaded from http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html

Detailed description and instructions about PSCP are available at
http://the.earth.li/~sgtatham/putty/0.60/htmldoc/Chapter5.html.

To download pscp.exe, you need to open the download page

(http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html), and then look under “Binaries”

for pscp. We will also download putty.exe, which will be used later to login to the server after the files


http://www.chiark.greenend.org.uk/%7Esgtatham/putty/download.html
http://the.earth.li/%7Esgtatham/putty/0.60/htmldoc/Chapter5.html
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http://www.scfbm.org/content/3/1/13
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are copied. To download these two files, we need to right click on the file name and select “Save target
as” or “Save link as”, depends on your browser.

Binaries

The latest release version (befa 0.63). This will generally be a version [ think is reasonably likely to work
worth trying out the latest development snapshot (below) to see if I've already fixed the bug, before report

For Windows on Intel x86

PuTTY: putty.exe « {or by FTP) (BSA sig) (DSA s1g)
PuTTYtel: putivtel exe {or by FTP) (BSA sig) (DSA sig)
PSCP: pscp.exe ‘ (or by FTP) (ESA sig) (DSA sig)
DSFTP: peftp.exe {or by FTD) (BSA sig) (DSA sig)
Plink: plink exe {or by FIP) (BSA sig) (DSA sig)
Pageant: pageant exe {or by FTP) (BSA sig) (DSA s1z)
PuTTYgen: puttygen exe (or by FTP) (BSA =ig) (DSA sig)
A ZIP file containing all the binaries (except PuTT Ytel), and also the help files

Zip file: putty.zip {or by FTP) (BSA sig) (DSA s17)

Then you need to select the folder in which the files will be saved. It is convenient to create another
folder named “programs”, in which all programs used the experiment will be saved. Then we can save
the pscp.exe and putty.exe in that folder.

Organize = Include in library = Share with = Burn Mew folder
. art “ [ MName
| sample_project
F Pl @F‘SCP-E’(E
| pamnters
> EP putty.exe
- 1Pg
| programs
. tif

Pscp is a command-line utility, which means that it can only run through the terminal (command-line)
window. Trying to double-click pscp.exe like any other program we wish to run will open the terminal
window for a fraction of a second, and then the program will close without doing anything useful.
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To use pscp, or any other command-line tool, we first need to open the terminal window. In Windows 7,

that can be done by clicking the ¥ ¥ putton at the left of your taskbar or pressing the right Windows key

on your keyboard, and then typing “cmd” in the search box.

&
' 5ee more results

|cmd| E | |Shut1:.‘rown k |

Then select “cmd.exe” to open the command line window.

1
In Windows 8.1, you need to click the Windows ¥ button and then type “cmd” or “command prompt”.

Search

Everywhere

cmd|

r— Command Prompt

=1 Composite Command Prompt

Then, select “Command Prompt” to open the command-line interface window.


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAQQjRw&url=http://www.pcmag.com/article2/0,2817,2403139,00.asp&ei=ap6sU9XvLIySyASe5YGoAw&psig=AFQjCNFQQlAOFC4Y6MiQwHh3EkDxof7YeA&ust=1403908074772294
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To use the program pscp.exe you first need to change the directory to the folder where pscp.exe was
saved. For that you will need to use the command cd (Change Directory). In your command prompt
window, type “cd ”, followed by the full path to the folder where your pscp.exe file is.

If you do not know the full path to the folder where pscp.exe is, you can find it with your file explorer,

and then click the box near the top of the file explorer window, right of the name of the folder
(“programs” in this case), as marked with the red arrow below:

Home View
@ = T < » projects b art + sample_project » painters b programs b
< Favorites Name ‘ Date modified Type Size
B Desktop 1. phylip-3.695 6/24/2014 406 PM  File folder

& Downloads | fitw3.dll 6/19/2014 2:11 PM Application extens... 1,365 KB
CE_-E Recent places %/ jpeg2.dll 6/19/2014 211 PM Application extens.., 125 KB
%% Dropbox &/ libffw3-3.dll 6/19/2014 211 PM Application extens.., 1,540 KB
&/ libsndfile-1.dll 6/30/2014 3:00 PM  Application extens... 2,251 KB
1% This PC 1| libtiff3.dll 6/19/2014 2211 PM  Application extens... 368 KB
i Desktop || outfile 6/22/2014 8:50 PM  File 2KB
| Documents || outtree 6/22/2014 8:50 PM File T1KB
& Downloads EN phylip-3.693.zip 6/19/2014 5:30 PM Compressed (zipp... 11,460 KB
W Music 2P pscp.exe 6/17/2014 1:30 PM  Application 36 KB
= Pictures @ putty.exe 6/17/2014 1:30 PM Application 434 KB
H Videos [ wndchrm.exe 6/30/2014 253 PM  Application 200 KB
iLy Lecal Disk (C:) ) zlib1.dll 6/19/2014 211 PM  Application extens... T4 KB

The box will then show the path of the folder, and the text will be highlighted.

Share View
‘lior\projectsiresearch_based_courses\art\sample_ v| (V] Search programs
rs

MName Date modified Type Size

1 phylip-3.695 6/24/2014 406 PM  File folder
ds &) ftw3.dll 6/19/2014 211 PM  Application extens... 1,365 KB
aces %) jpegb.dll 6/19/2014 211 PM Application extens... 125 KB

%] libfftw3-3.dIl 6/19/2014 211 PM  Application extens... 1,540 KB

Then you can right-click the text box and select “copy” to copy the path to your clipboard.
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I.JI Ul_.ll anms
Share View
| Undo
Mame Date modified L Cut
phylip-3.695 6/24/2014 06 PM  H Copy
| fitw3.dll B/19/2014 2:11 PM A Paste
ces %] jpegB.dil 6/19/2014 211 PM 4 Delete
) libfftw3-3.dll 6/19/2014 211 PM fi
— . o o Select All
% libsndfile-1.dll 6/30/2014 3:00 PM A
%) libtiff3.dll B/19/2014 2:11 PM I Right to left Reading order

And then paste it to the command line window by right-clicking the command prompt window and
selecting “paste”. The path should be inside quotation marks (“).

24 Command Prompt

Copy Enter

Paste

Select All

Scroll

Find...

Then press <Enter>. If you copied the path manually, make sure to type the full path correctly.
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ER Administrator: Command Prompt & a5 . = | 15 |

C:%2>ed "ciswprojectshsartssample_projectspainterssprograms’

After you press <Enter>, the command prompt will show the path. Typing the command “dir” will show
a list of tiles, which is the content of the directory. In our case the content of the folder is just the two
files that we saved in it: pscp.exe and putty.exe.

[ —

Em Administrator: Command Prompt 9 e = | |t

C:wprojectssartssample_project painters \programs.
UJolume in drive © has no lahel.
Jolume Serial Number is E219-23C8

Directory of C:sprojectssartssample_ projectspainters“programs

B6-17-2014 ©B1:38 PH <DIR> -
6172014 ©B1:38 PH <DIR> .-
A6.-17-20814 B1:38 PHM 323,584 pscp.exe
A6-17-2814 B1:38 PHM 495,616 putty.exe

2 File<s> 8192.280 bhytes

2 Dirvds>» 17.832.487.848 bytes free

C:wprojectssartssample_projectspainters“programs >

If your default drive is not the C drive, you will see a different letters at the left of the path. For instance,
the path will start with “M:\>" if your default drive is M. In that case, you will simply need to type “C:”
and press <enter> to change the current drive to C.
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Now, if we type “pscp” we will see a short description of how to use pscp. That is because pscp.exe
requires some arguments, and if the arguments are not provided it just displays the instructions. To use
pscp, you will need to know the username and password of the account that was created for you on the
server.

The synopsis of the command line for copying your files is:

pscp -r PathToRootFolder username@servername:

“" 2

Pscp is the name of the program that copies the files to the server, “-r” is a switch that tells pcsp to copy
the entire folder, including the sub folders, PathToRootFolder is the full path to the root folder in which
our image files are stored, in the example above it is “c:\projects\art\sample_project\painters\tif’ (the
folder in which the processed TIF files are stored). Username is the user name assigned to you when the
account on the server was created, and servername is the name or IP address of the server that we want
to copy the files to.

For instance, assuming that your username is “group1” and the IP address of the server is 207.73.64.26,
the command line will be:

pscp -r “c:\projects\art\sample_project\painters\tif” groupl@207.73.64.26:

C:\projects\art\sample_project\painters\programs> pscp -r “c:\projects\art\sample_project\painters\tif” groupl@207.73.64.26:

Note the colon (:) in the end of the command.

That command tells pscp to copy all files and subfolders inside the folder
“c:\projects\art\sample_project\painters\tif” to the server. It will create a folder named “tif” in your
account on the server, and all files and subfolder will be copied to it.

After pressing <Enter>, pscp will ask for your password. Note that when typing the password you will not
see the keys that you typed, so you just need to assume that you typed the password correctly.

NC:sartssample_projectspainterssprograns *pscp —r sartssample_projectspaintersstif
lzhamir@Pskynet .mtsu.edu:

Us:i.ng kevhoard—interactive uwthentication.
Password: _




23

You should type your password and press “Enter”, and then the files will be copied to the server. Pscp
will display on the screen the files that are being copied.

C:=vartssample _projectspainters:programs>pscp —r “artssample_projectspainters:jpg
lshamirP172 18 _16.106:

Using keyboard-interactive authentication.

Password:
Y2 kB I ?2.8 kBr/e | EIA: BB:08:80 | 108:

Monet_— HIuser_in_Argente
Water-Lilies—and—-Japanese 380 KB | 380.8 kBr-=z | ETA:- 00:@0:00 | 100

C:sartszample_projectspainters“programs >

After copying the “tif” folder, you can also copy the jpg folder to your account on the server by using:

pscp -r “c:\projects\art\sample_project\painters\jpg” groupl@207.73.64.26:

C:\projects\art\sample_project\painters\programs> pscp -r “c:\projects\art\sample_project\painters\jpg” groupl@207.73.64.26:

5. Viewing files on the server

After the files are copied to the server, you can view the files using the program WinSCP. WinSCP is a
secure file transfer utility that runs in Windows with a graphical user interface. It can be used to view

Him
and copy files from a local computer to a remote server. To start WinSCP, you need to click the =

button in Windows 8.1, or the start button in Windows 7, and type “WinSCP” followed by <Enter>.


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAQQjRw&url=http://www.pcmag.com/article2/0,2817,2403139,00.asp&ei=ap6sU9XvLIySyASe5YGoAw&psig=AFQjCNFQQlAOFC4Y6MiQwHh3EkDxof7YeA&ust=1403908074772294
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Search

Ferrgwhen:

wirtsi

=

If WinSCP is not installed on your computer, you can download and install it from
http://winscp.net/eng/download.php

After launching WinSCP, you will see a dialog box asking for the server information.

B WinSCP Login = =
I;{l" New Site Session
File protocol:
SFTP W
Host name: Port number:
225
User name: Password:
Save hd Advanced... |v
Tools hd Manage hd Login Close Help

The host name is your remote server name or IP address. For instance, 207.73.64.26.

The username and password are the same username and password you received. Then you need to click
the “Login” button.


http://winscp.net/eng/download.php
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G New Site Session
File protocal:
sFTP

Host name: Part number:
207.63.64.26 | 22

User name: Password:

|grou|:|1 | |.......| |

$| Login IV| | Close | |

After logging in, you will see a folder structure of your files. You will also be able to copy files to and
from the server. Just like pscp, WinSCP can be used to copy your files to the server, and then download
them back to your computer.

6. Processing the files on the server

After the files are copied to your account on the server, Wndchrm can be used to process these files and
compute the numerical image content descriptors. For that, we will use the putty program that we
downloaded in the previous step.
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PUTTY is a program that allows to connect and work on other computers through the network. It opens
a terminal window, which is actually another computer. Obviously, to connect to another computer you
need to have a valid account on that computer, which will allow you access.

First, open your command prompt window as you did for using pscp. Again, you will need to change the
current directory using the “cd” (Change Directory) command. You will need to set the working directory
to the “programs” directory, in which you saved PUTTY when you downloaded it.

BN Administrator: Command Prompt - - - ==

C:x>od "cinwprojectshartwzample_projecthpaintersprograms'’

Now you can run putty. For instance, if your username is “groupl”, and the IP address of the server is
“207.73.64.26”, the command line is “putty -I groupl 207.73.64.26", as the following:

C:\projects\art\sample_project\painters\programs>putty -l groupl 207.73.64.26

Putty will open the terminal window and will ask for your password.
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After typing the password and pressing <Enter>, putty will log you in. After logging in, through the
terminal window you will work on the server, not on your own computer.

Now we can run Wndchrm to process the images. That can be done by using the following command:

wndchrm train —-mlc —t4 /home/group1/tif /home/group1/tif/output.fit &

The “-m” switch tells Wndchrm to save the numerical content descriptors in files, so we can then copy

these files to the laptops. The “-I” switch tells Wndchrm to use the larger feature set, and the “-c” switch
tells Wndchrm to compute color features. The “-t4” tells Wndchrm to separate each image to 4x4 equal-

sized tiles, and process each tile of the image separately.

To complete the process faster, you can also run more than one instance of Wndchrm. For that, you just
need to retype the command again. Each command will run another instance of Wndchrm, but you
should not run more than 10 instances.

When Wndchrm starts to run, you will see the names of the files that are being processed displayed on
the screen.

Processing all files will take several hours or even several days, depends on the number of images.
However, the server will work without further attention. If you are interested to know if the server has
processed all files, you can check if the file/home/group1/tif/output.fit exists. To do that, you can login
to the server as described above and then type:

Is /home/groupl/tif/output.fit

Assuming that your username is “groupl” (if the group name is different the command should be
changed accordingly). If the file is not found, Wndchrm has not done processing the files, and will show

a “No such file” message such as:
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When you are done, you can simply type “logout” followed by <Enter> to end your session with the

server.

7. Copying the files from the server to the laptop

After the files are processed, you will need to copy all the processed files back to your computer for
further analysis. That is done again with pscp.exe, but this time instead of copying files from your
computer to the server, we will copy the files from the server to the laptop.

To do that, first we need to create a folder to which we can download all the processed files from the
server. For instance, under the folder “painters” we can create another folder called “ProcessedFiles”.

Organize = = Open Include in library - Share with = Burn
art N Mame
sample_project .
. Ipg
painters =
i J ProcessedFiles
P9
_ programs
ProcessedFiles )
tif
programs
tif

Then, we again need to open the command prompt window and change the directory to our directory
where pscp.exe is located (using the command “cd”). For instance:

cd “c:\projects\art\sample_project\painters\programs”

Then, we need to use pscp.exe in the following way:

Pscp.exe -r groupl@207.73.64.26:tif “c:\projects\art\sample_project\painters\ProcessedFiles”
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The username “group1” should be changed based on your user name that you were given, and the
target path (in the example “c:\projects\art\sample_project\painters\ProcessedFiles” should be
changed to where your project is on your hard drive. That command will tell pscp to copy all files and
subfolders inside the folder “tif” on the server to the folder
“c:\projects\art\sample_project\painters\ProcessedFiles” in your computer.

Pscp will ask for your password, and after you type your password and press “Enter” all files will be
copied to the folder “ProcessedFiles”.

Organize « Include in library - Share with = Burn i
art i Marne
sarmple_project B
arnes
painters e
ali
P3 DaVinci
ProcessedFiles
monet
programs e e
tif )
Signac
schools_of_art
VanGogh
RMAI
Warhol

rabnt tact

If you look at the content of the subfolders you will notice that each TIF image file has 16 files with
similar names, but the extension of these files is “.sig”.
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Share with = Burn Mew folder

e

« [ MName

* Apparition_of_Face_and_Fruitdish.tiff

Date modified

1/29/2010 4:42 PM

Type

IrfanView TIF File

|| Apparition_of Face_and_Fruitdish_0_0.... 7/29/2010 4:44 PM 5IG File
|| Apparition_of_Face_and_Fruitdish_0_1.... 7/29/2010 4:44 P 5IG File
|=¥| Apparition_of_Face_and_Fruitdish_0_2.... 7/29/2010 4:44 PM SIG File
|| Apparition_of _Face_and_Fruitdish_0_3.... 7/29/2010 4:44 PM 5IG File
|| Apparition_of Face_and_Fruitdish_1_0... 7/29/2010 4:44 PM 513 File
|| Apparition_of_Face_and_Fruitdish_1_1... 7/29/2010 4:44 P 5IG File
|| Apparition_of_Face_and_Fruitdish 1_2.... 7/29/2010 4:44 P 5IG File
- || Apparition_of Face_and_Fruitdish_1_3... 7/29/2010 4:44 PM 513 File
1 |=¥| Apparition_of_Face_and_Fruitdish_2 0.... 7,/29/2010 4:44 PM 5IG File
\=*| Apparition_of_Face_and_Fruitdish_2 1.... 7/29/2010 4:44 P 5IG File
|| Apparition_of Face_and_Fruitdish_2_2.... 7,/29/2010 4:44 PM 51 File
|| Apparition_of Face_and_Fruitdish_2_3.... 7/29/2010 4:44 PM 5IG File
|| Apparition_of_Face_and_Fruitdish_3_0... 7/29/2010 4:44 P 5IG File
|=¥| Apparition_of_Face_and_Fruitdish_3_1... 7/29/2010 4:44 P SIG File
|| Apparition_of Face_and_Fruitdish_3_2.... 7/29/2010 4:44 PM 5IG File
|| Apparition_of Face_and_Fruitdish_3_3... 7/29/2010 4:44 PM 513 File
* Archeological_Reminiscence_of_Millet...  7/20/2010 4:44 P IrfanView TIF File
\=*| Archeclogical_Reminiscence_of Millet... 7/29/2010 4:44 P 5IG File
B Archanlnnical Bominiceanca of it 779079010 A.44 DRA CIf: Eila

- 4| 1]

The .sig files are the files created by Wndchrm when the files were processed by the server. Each .sig file
contains the numbers that describe the visual content of the paintings (the image numerical content
descriptors). Each image file has 16 .sig files because each tile is computed separately, so there is one
.sig file for each of the 16 tiles of the image.
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8. Analyzing the files and creating phylogenies

To analyze the files, we will use the Wndchrm program. Because the image files are already processed,
Wndchrm will not process the image files again, but instead will read the values from the .sig files. That
allows performing the image analysis on a laptop.

To perform the analysis on the laptop, we will need to download the Wndchrm to our computers.
Wndchrm can run on Linux servers, but it also has a version that can run on Windows. The files can be
downloaded from http://vfacstaff.ltu.edu/Ishamir/downloads/ImageClassifier/.

In the download web page, you should look for the Windows files.

MS-Windows users can download a binary executable file wndchrm exe

The executable file needs the following run-time DLLs:
fiw3.dll

Libfftw3-3.dl1

Libt:ff3 dll

ipeg62 dil

zlibl.dll

libsndfile-1.dl1

MS-Windows developers can download compiled libraries for Borland C++ and Microsoft Visual C++

You will need to right click the file “wndchrm.exe” and choose “Save target as...” or “Save link as...” and
save the file in your “programs” folder.


http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/
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WND-CHARNM - A multi-purpose image classifier.

The wndchrm command-line utility gets a root directory as a parameter and compute
algorithm_ It can then split the images into traimng and test sets and classify them. Tl
for instructions.

Full descript/ T Opéﬁ d the WND-CHABM algorithim
Shamir, L., Orl Open in new tab joldberz. I.. Wndchrm - an open zourc
Download w Open in new window
Save target as...
Important: Print target
Wndchrm re ailable libraries - LibTIFF and F
LibTIFF: htt
FFTW 3.1: L
Copy shortcut
Systems requiremen
R.eu:omn_lende_li Haryg G—C_E compiler must be mstalled I?Fm'l:hr*: was
Installation difficult =| E-mail with Windows Live version than the one used for compiling LibTIFF (i
) %% Translate with Bing
MS-Window e file wndchrm exe
All Accelerators g -
The executal Ls:
frow3 dil Inspect element
libffiw3-3.d1
libtaff3_dll Add to favorites..,
pee62.dll
zhbl dll Properties

libsndfile-1 .o

When you download the file, your browser might not recognize the file and might therefore give you a
warning.

@ wndchrm.exe is not commonly downloaded and could harm your computer, Delete Actions View downloads

In that case, you should click “Actions” and then select “download anyway”. The file is safe to download
and is certainly not malicious.

Then, you will need to right click the .dll files and save them in the same “programs” folder. The files
that you need to download and save are:
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wndchrm.exe
fftw3.dll
libfftw3-3.dll
libtiff3.dll
jpeg62.dll
zlibl.dll
libsndfile-1.dll

When done, your “programs” folder should contain the Wndchrm files, in addition to the pscp.exe and

putty.exe that we downloaded before.

Organize = Include in library = Share with = Burn Mew folder
K art “ [ Name
.. sample_project & fewa.dl
/ painters
o @] jpegb2.dil
= _ )] libfftw3-3.dlI
.. ProcessedFiles —
%) libtiff3.dll
. programs @pscp e
| tif '
: EP putty.exe
L. schools_of_art ] wndch
wndchrm.exe
. RMA
S ) zlibd.dll

You can verify that Wndchrm works by launching the command prompt window, and changing the
directory to the “programs” folder.


http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/wndchrm.exe
http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/fftw3.dll
http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/libfftw3-3.dll
http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/libtiff3.dll
http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/jpeg62.dll
http://vfacstaff.ltu.edu/lshamir/downloads/ImageClassifier/zlib1.dll
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C:vred "cisartssample_projectspaintersprograms'

m

Then, type “wndchrm”. Wndchrm should display short instructions.

A Administratorn Command Promp

Bx.y.w.h — compute features only from the Cx,.u.w.h} block of the image.
A — assess the contribution of each group of image features independently.
h — zhow this note.

train:

vndchrm train —m spathstosdataset dataset.fit

vndchrm train —mcl Apathstosdataset dataset.fit

test:

vndchrm test —fB.1 dataset.fit

vndchrm test —fB.2 -1i58 —-328 —n5 —ps/pathstosphylipd .67 dataset.fit repo
classifu:

vndchrm classify dataset.fit spathstosimage . .tiff

vndchrm classify —fB.2 —¢l dataset.fit spath-stosimage.tiff

A detailed description of wndchrm can be found in: Shamir, L., Orlov, N.,. Eckley
cura, T.. Johnston. J.,. Goldberg, I.. Undchrm - an open source utility for biolo
e analysis,. BMC Source Code for Biology and Medicine, 3:13,. 28068.

If you have more questions abhout this software, pleaze email me (lior shamir) at
[at] mail [dot] nih [dot] gouw}

C:sartszample_projectwpainters“programns

Now, we can run the experiment and create the phylogenies that reflect the similarities between the
painters.
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First, we need to train the machine learning algorithm. Given that the files that we downloaded from
the server are located in the “ProcessedFiles” folder, the command line that will train the machine
learning system will be as following:

wndchrm train —mlc —t4 c:\art\sample_project\painters\ProcessedFiles c:\art\sample_project\painters\ProcessedFiles\output.fit

After the image file names will be displayed on the screen, the file “output.fit” will be created in the
“ProcessedFlles” folder.

Now, we can test how well the computer can differentiate between the different groups of paintings
using the pattern recognition capabilities of Wndchrm.

Using the pattern recognition capabilities of Wndchrm can be done by using the “test” command of
Wndchrm:

wndchrm test —f0.15 —t4 —i25 —j5 —n20 -w c:\art\sample_project\painters\ProcessedFiles\output.fit

“-f0.15” tells Wndchrm to use 15% of the numerical content descriptors.
“-t4” tells Wndchrm that the image files are analyzed such that each file is divided to 4x4 tiles.

“-i25” and “-j5” means that 25 images from each class will be used for training and 5 will be used for
testing.

“-n20” tells Wndchrm to repeat the experiment 20 times, such that in each run different images will be
randomly allocated to training and test sets.

“-w” means that Wndchrm will use the Weighted Nearest Distance (WND) pattern recognition method.
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When running, Wndchrm will show the files that are being classified, their class ID and their predicted
class ID. If the class ID and the predicted class ID are the same, the classification of that painting is
correct.

e

BN Administrater: Command Prompt - wndchrm test -f0.15 -t4 -w 140 17 -n20 -p/liorfprojects/research_based co... |‘5|E‘éj

p_600x688-rothko rothkoBl tiff' <136-15%3>__.

Actual class ID: 8 Predicted class ID: B Ac: B.558824 (76,136

Claszsifying image *Aiichuwrsshamirl-images - painters-big-slarger_than_5880x580.-combined_tif - cro
) GBExﬁﬂﬁfuangugh/Chaumeu de Cordeville allff Auwvers—sur—Oise.tiff’ {137-153>...

Classifying image '/iicbhbusshamirl-/images painters big/larger_than_500x588./combined_tif - cro
p_60Bx6BA/vangogh/Chaumes de Cordeville aﬁﬁ Auwvers—sur—0ise.tiff’ {137-.15%3>...

Classifying image *iicbhbusshamirl-/imagespainters/big/larger_than_500x588-/combined_tif ~cro
p_bABxbHA/vangogh/Chaumes de Cordeville aﬁﬁ Auwvers—sur—0Oise.tiff’ {137-.153>...

Classifying image *iicbusshamirl-/imagespainters/big/larger_than_S580x588/combined_tif  cro
p_bABx6BAvangogh/Chaumes de Cordeville aﬁﬁ Awvers—sur—0ise.tiff’ {137-153>...

Clazsifying image *~siichuszhamirl-simages-spainters-bigslarger_than_SAAx580.-combined_tif - cro
p_6AAx6AA -vangogh-Chaumes de Cordeville ar

Clazssifying image
p_ﬁﬂﬂxﬁEB/Uﬁngugh/Chaumes de Cordeville allf

I Auwvers—sur—Qise.tiff’ {137-.153>...
*siichusshamirlsimagesspainters-sbigslarger_than_S88x588-combined_tif /cro
Auwvers—sur—0ise.tiff’ <{137-153>...

Clazzifying image *~siichuszhamirlsimagesspainters-bigslarger_than_SA8x580 - combined_tif - cro
I Bﬂﬂxﬁﬂﬂ/uangughfﬂhaumed de Cordeville aﬁﬂ Anvers—sur—0Oise tiff' (137-153>...

Classzifying image *Aiichusszhamnirl-/images - painters-big-larger_than_588x580. combined_tif ~cro
p_6BBx6B8 -vangogh-Chaumes de Cordeville aﬁﬂ Awvers—sur—0ise tiff' {(137-153>. ..

Clazzifying image *Aiichuwrszhamirl-images-painters-big-larger_than_5880x580.-combined_tif - cro
p_ﬁﬁﬁxﬁEB/Uﬁngugh/Chaumes de Cordeville allf Auvers—sur—Oise.tiff’ {137-153>...

Clazzifying image *iichuwrszhamirl-images-painters-big-larger_than_5880x580.-combined_tif - cro
I EBBxﬁﬁﬂfuangugh/Chaumeu de Cordeville aﬁﬁ Awvers—sur—0Oise tiff' (1371532 ..

Claszsifying image *Aiichuwrsshamirl-images - painters-big-larger_than_5880x580.-combined_tif -cro
p_60Bx6B8-vangogh-Chaumes de Cordeville alff Auvers—sur—Oise.tiff’ {137-153>..

Classifying image *iicbhusshamirl-/images/ a1nterf/hig/larger_than_EBBxSBB/cumhined_tif/crn
p_68Bx6B8/vangogh-Chaumes de Cordeville aﬁﬁ Auwvers—sur—Oise.tiff’ {137-.15%3>...

Wndchrm will test five images per class in each of the 20 runs, and when done will show the average
classification accuracy of paintings. When done, it will show the classification accuracy.

5505 15]0) A.97222 1.83388 A.55373

-6568497
66219
-54954
-89484

pollock
1. 888868
renoir
A8.630197
rothko
a.4704%
vangogh

A.89744

Accuracy: B_542484

A.446086
A.58842
A.68492
1 .88888
B.92317
A.74865
A.766013
A.95162

Average accuracy T20 splits>: B.524518

A.416817
A.34533
A.64428
A.45874
A.9737%
1 .88888
A.71576
A.54825
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In the case above, Wndchrm was able to associate a painting to the class with average accuracy of
52.45%. The classification is done without knowing anything about the tested paintings other than the
visual content, so the association of a painting to a class is done by analyzing the style of the painting

alone. Any classification accuracy that is higher than random guessing is an indication that the machine
learning system is informative in identifying paintings by their style. For instance, if we have 10 classes,
classification accuracy higher than 10% indicates that the system is informative in the association of the
paintings.

Now, we can change the number of features that we use by changing the value of the “-f” switch. For
instance, to use 30% of the numerical image content descriptors we can use the following command
line:

wndchrm test —f0.3 —t4 —i25 —j5 —n20 -w c:\art\sample_project\painters\ProcessedFiles\output.fit

We will need to run the same command with “-f0.05”, “-f0.1”, “-f0.15”, “-f0.3”, “-f0.4”, “-f0.5”. The
amount of content descriptors that provides the highest classification accuracy will be the one used in
our following experiments.

We can also ask Wndchrm to create a detailed report file showing the results of the experiment. That
will be done by using the “-p” switch, and specifying another file in the end of the command line:

wndchrm test —-f0.3 —t4 —i25 —j5 —n20 -w -p c:\art\sample_project\painters\ProcessedFiles\output.fit
c:\art\sample_project\painters\ProcessedFiles\results.html

The file “results.html” will provide a detailed report on the experiment. To open the report file, just
open the folder “ProcessedFiles” and double click the file “results.html”. The file will open in your

default browser.
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Here is an example of a report file of an experiment with nine painters:

622 Images in the dataset (tiles per image=16)

dali

deChirico

ernst

kandinsky

monet

pollock

renoir

rothko| vangogh

total

Testing

17

17

17

17

17

17

17

17

17

153

Training

40

40

40

40

40

40

40

40

40

360

Results

Split 1

Accuracy: 0.71 of total (P=3.001755e-68)
0.71 £ 0.3 Avg per Class Correct of total
Full details

Total

0.71 Avg per Class Correct of total
Accuracy: 0.71 of total (P=0.000000e+00)

Confusion Matrix (sum of all splits)

||dali||deC hirit:o”ernst”ka ndin slq‘”monet”pollock”re noir”rothko”rangogh|

\dali

13 |1

2

IE

0

0

0

lo__Jo

|deChirico |[3 |9

E

0

0

0

I

(I

[[=

[l

44

Il

[~

[

I[4

[~ [

The upper part of the form shows the classes that were used in the experiment. In the specific report
there are nine classes such that each class is a painter. The report specifies the names of the classes (in
this cases the names of the painters), and the number of training and test images for each class. Note
that the number of training and test images are the same for all classes. According to the report, the
classification accuracy of a painting to a painter is 0.71, or 71%.
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Below the summary of the classification accuracy you will find the confusion matrix. The confusion

matrix reflects how well the computer analysis can associate paintings to their classes. For instance, the
following confusion matrix shows the classifications of paintings of the nine painters:

Confusion Matrix (sum of all splits)

| ||dali”deChirim”ernst||k:mdinsl:}=||monet”pollock”renoir”ruthk-::r”v:mgngh|
dali___ |13 |1 2| oo o Jo Jo |
[deChirico 3 |9 [ENE | CN P O |
ernst |3 |2 L1 o o o JrJo Jo |
lkandinsky|0 |0 I 12 o o2 Jo |2 |
monet 0|0 o | |ES S O (N I T
pollock [0 |0 o | o Jis o Jo |n |
renoir [0 |0 o | | O T . |
rothko 0|0 loJo o Jo o [17 Jo |
[vangogh [0 0 [ 4 o Jo |7 |

For instance, the confusion matrix shows that out of 17 Salvador Dali paintings, 13 were classified
correctly as paintings of Dali, one was classified as a painting of de Chirico, two as paintings of Max
Ernst, and one as a painting of Kandinsky. The confusion matrix therefore reflects the confusion of the
algorithm when classifying the paintings.

The similarity matrix shows the similarities between the different painters. These similarity numbers are
computed by the algorithm, and reflect the similarities between the different classes. The similarity
values are between 0 and 1, such that 1 means full similarity. In this example, each class is a painter and
therefore the similarity matrix reflects the similarity between painters.
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Average Similarity Matrix

| ”dali ||deChi.rim||ernst”ka nd.insk}f||monet||p01lock||renoir||rothko||1-':1ngogh|
|dali 111.000.97 10.97 |[0.94 loss |o8o [o94 |00 o092 |
[deChirico ||[0.97|(1.00 10.98 |[0.94 los4 lo79 [o9s |02 |o93 |
lernst  [094[o94  |1.00 |0.92 085 [078 093 [o87 |p92 |
[kandinsky|0.94/0.92 10.94 |[1.00 089 [jo84 [096 |j087 |94 |
lmonet  [[0.87|0.85  |[0.89 |[0.91 [1.00 |l0.94 o095 [0.76 098 |
[pollock  [0.54/0.55 [0.60 |[0.58 069 [[1.00 067 |j045 |79 |
[renoir  [0.93/0.92 10.93 |[0.95 094 |jo87 100 |jos4 |96 |
lrothko  [0.88[086  |[0.87 [Jo.82 068 |o62 076 [100 fo75 |
[vangogh |0.82/0.84 10.87 |[0.84 098 [jo99 [093 073 |roo |

Our last step will be the visualization of the similarity matrix as a phylogeny (evolutionary tree). A
phylogeny is a method for visualization of similarities between data points. The phylogeny will be
created by using another software tool called Phylip. Traditionally, phylogenies have been used for
visualizing the similarities between organisms based on their genomes, but in our experiment we will

use Phylip to visualize similarities between artistic styles. Phylip can be obtained from its download web
page at http://evolution.genetics.washington.edu/phylip/getme.html

In the download page, find the Windows download zip file “Zip archive of PHYLIP 3.695 for Windows”,
and download it to your “programs” folder. Then, right click the file to extract the files inside the zip file.
A new folder called “phylip-3.695” will appear under your “programs” folder.


http://evolution.genetics.washington.edu/phylip/getme.html
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Organize = Include in library - Share with = Burn Mew folder
d art 0 Mame
4 sample_project
e phylip-3.695
a painters
_ %) Fitw3.dll
Irg py
%) jpegb.dil
ProcessedFiles — J_p J
%] libfftw3-3.dll
» programs —
- %) libtiff3.dll
ti
& phylip-3.695.2i
schools_of_art PRV :
. @ pscp.exe
R4
,@ putty.exe

Now we can create the phylogeny of the classes in our experiment by using the command line of the
form:

wndchrm test —f0.3 —t4 —i25 —j5 —n20 -w -p[path to phylip] [path to fit file] [path to report file]

Where instead if “[path to phylip]” we need to specify the path to the folder where Phylip is (in our case
it is the “programs” folder), [path to fit file] is the path to the output file that we created, and [path to
report file] is the path to the HTML report file. For instance, the command can be the following:

wndchrm test —f0.3 —t4 —i25 —j5 —n20 -w -pc:\art\sample_project\painters\ programs\phylip-3.695

c:\art\sample_project\painters\ProcessedFiles\output.fit c:\art\sample_project\painters\ProcessedFiles\results.html

As in the previous experiment, the paths should be changed based on the paths in your computer. Note
that the drive letter in the path to phylip (“pc:\art\sample_project\painters\ programs\phylip-3.695” in
the above example) should be non-capital.

As you can see, after the “-p” switch we specified the path to Phylip. All Phylip files are located in the
“exe” subfolder of the “phylip-3.695” folder. Now, you can double-click the file “results.html”. The
report will also show you the phylogeny of the classes.

The command-line window will show the files that are being classified (as in the previous experiment),
but in the end of the run will also show some more information such as the following:



42

BN Administrator: Command Prompt . -
rothko
andinsky
dali
renoir
pollock
ernst
vangogh

Adding species:

1. ernst

2. monet

3. eChirico

- PENOLiP

pollock
vangogh
rothko
andinsky
dali

Output written to file "outfile'

Tree also written onto file “outtree"
Done .

Pres=z enter to guit.

That information is the construction of the similarity tree. When done, you will find two files in the
“programs” folder. One is called “outtree” and the other is called “outfile”.

Share with = Burn Mew folder

Es

Mame

phylip-3.695
|%| fitw3.dll
|%)| jpegbl.dll
%] libfftw3-3.4lI
# libtiff3.dll

S phylip-3.695.zip

P
@ pECp.exe
ﬁ?puﬁyﬂe

B wndchrm. exe

|%) zlibl.dll

“outfile” contains information about the tree of similarity. You can open that file by double-clicking it
and then choosing “Notepad” as the program to open the file with.
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Open with : £5

i
| ;] Choose the program you want to use to open this file:

File:  outfile

[rranview LaD ENVIrONMmeEnT Viewer
Irfan Skilian Microsoft Corporation

Microsoft Directy Texture Tool Microsoft Expression Web 2
Microsoft Carporation Microsoft Corporation

FIE Microsoft Office Excel Microsoft Office Picture Manager
=mm | Microsoft Corporation Microsoft Corporation

== Microsoft Corporation Microsoft Corporation

Microsoft Visual Studio Version Selector Motepad
Microsoft Corporation & J Microsoft Corporation

g, Paint RealPlayer
588 Micosoft Corporation RealMetworks, Inc.

'uTg Microsoft Office Word m Microsoft Visual Studio 2012

Pf TeXworks Windows Live Movie Maker

e B e : ... = | S T A e e i e

[ ] Always use the selected program to open this kind of file

The file will open in Notepad, and will show the basic form of the tree.
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Eile Edit Format View Help

+--——pollock
+-b6

+-—--3 +-monet
| I

+-—-1  +vangogh
1
+-—--2  +-renoir
P
+-7 +——-andinsky
|
l +——ernst
I
'+ —rothko
4-5
I +—aChirico
I

+dali

To create a graphic form of the phylogeny, we need to use another program called “DrawTree”. The
program is in the “Phylip/exe” folder.
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Share with Burn Mew folder

] Mame
3 dnapars.exe

3 dnapenny.exe
0=1 dollop.exe

-~

0= dolmove.exe
0=1 dolpenny.exe
|%| drawgram.dll
|| DrawGrarn.jar
CrawGramlava.exe
%) drawtree.dll

=] DrawTree,jar

b, fitch.exe
|| fontl
|| font2
|| font3

Running the program will open the following window:
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g,[:r

Input Tree intree
|

Plot File plotfile_ps

PostScript Font:  [Times-Roman -

Tree grows: O Horizontally  ® Vertically
Use branch lengths: ® Yes 3 No (if present)

Angle of labels: |Middle of Label hd
Fixed label angle: 0.0
Angle of tree: 90.0
Arc of tree: 360.0
Iterate to improve tree: |Egual-Daylight algorithm -
Maximum iterations: 100

Regularize the angles:  Yes ® No
Try to avoid label overlap: O Yes ® No

Branch lengths: |Automatically rescale -

Branch scale:

Relative character height: [0.3333

Final plot file type: |Postscript -
Page margin ratios: X:0.08 Y:|0.08
Preview Create Plot File Quit

To select the input file, we need to click on the “Input Tree” button, and then select the file “outtree”
that was created in the end of the previous step. The file will be located in the “programs” folder. Then
click “Open”.
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Look In: | programs

3 phylip-3.695 |j| phylip-3.695.zip
D frtw3.dil D pscp.exe

[} ipea62.du [y putty.exe

[ infew3-3.dn [} wndchrm.exe
[ libtife3.dn [y zlib1.dn

D outfile

D outtree

File Name: |n uttree

Files of Type: |All Files

Then you can click the “Preview” button to see the tree, and then on “Create Plot File” to save the tree
to afile.

Here is a sample phylogeny created with paintings from nine artists of three different schools of art:
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rothko

ernst dali

andinsky

eChirico

monet

vangkogh

pollock

Phylip only shows labels that are eight letters or less so some of the artist names are not the full names.

9. Enabling algorithms

This section briefly describes the algorithms that enable the image analysis. The description is taken
from (Shamir & Tarakhovsky, 2012). The paper is available at:
http://dl.acm.org/citation.cfm?id=2307726. A more detailed technical description is available at (Shamir
et al.,, 2010, http://dl.acm.org/citation.cfm?id=1670672).

The image analysis method is based on the WND-CHARM scheme (Shamir, 2008; Shamir et al., 2008),
which was originally developed for biomedical image analysis (Shamir et al., 2008; Shamir et al., 2009).
The CHARM (Shamir, 2008; Shamir et al., 2010) set of numerical image content descriptors is a
comprehensive set of 4027 features that reflect very many aspects of the visual content such as shapes
(Euler number, Otsu binary object statistics), textures (Haralick, Tamura), edges (Prewitt gradient
statistics), colors (Shamir, 2006), statistical distribution of the pixel intensities (Multiscale histograms,
first four moments), fractal features (Wu, Chen, Hsieh, 1992), and polynomial decomposition of the


http://dl.acm.org/citation.cfm?id=2307726
http://dl.acm.org/citation.cfm?id=1670672
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image (Chebyshev statistics). These content descriptors are described more thoroughly in (Shamir, 2008;
Shamir et al., 2008; Shamir et al., 2009; Shamir et al., 2010). This scheme of numerical image content
descriptors was originally developed for complex morphological analysis of biomedical imaging, but was
also found useful for the analysis of visual art (Shamir et al., 2010; Shamir, 2012).

An important feature of the set of numerical image content descriptors is that the color descriptors
are based on a first step of classifying each pixel into one of 10 color classes based on a fuzzy logic model
that mimics the human intuition of colors (Shamir, 2006). This transformation to basic color classes
ensures that further analysis of the color information is not sensitive to specific pigments that were not
available to some of the classical painters in the dataset, or to the condition and restoration of some of
the older paintings used in this study.

Once numerical image content descriptors are computed, each feature is assigned with a Fisher
discriminant score, as defined by Equation 1

S -Tre) |

Equation (1) \\/ (= = 5 . ,

where Wy is the weight assigned to the feature f, Tfis the mean of the values of feature fin the entire

dataset, Ts. is the mean of the values of feature fin the class ¢, and o%. is the variance of feature fin the
images of class c. Fisher discriminant scores can be conceptualized by the variance of the values of a
certain feature across the image dataset, divided by the mean of the variances of that feature within the
classes.

Then, the image features are ranked by their Fisher discriminant scores, and the 50% of the image
features with the lower Fisher scores are rejected. The distance d,» between each image / to each
painter P is then measured by using Weighted Nearest Distance method, with the Fisher scores used as
weights [Shamir et al., 2008] as defined by Equation 2

Z‘LW f(if - mf)2 k

P

ZmeP

Equation (2) (] e

where P is the training images of painter p, i is the vector of numerical image content descriptors
extracted from the image I, W;is the Fisher discriminant score of feature f as defined by Equation 1, and
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the exponent k is a constant set to -5. The -5 value was determined empirically, and is thoroughly
discussed in (Orlov et al., 2008).

The distance d,» can be used to compute the similarity S,» between the image / and painter P by using
Equation 3

Equation (3) §, .=

’

1
N1
dl!P.Zj_ldLj

where N is the total number of painters in the dataset.

The arithmetic mean of the similarity values computed by Equation 3 across all images of a certain
pair of painters provides the quantified visual similarity between these two painters (Shamir et al., 2008;
Shamir et al., 2010), and computing the visual similarities between all pairs of painters in the dataset
produces a similarity matrix in which the cell i,j is the measured similarity between painter i and painter
j. The similarity matrix is then visualized as a phylogeny using the open source Phylip software package,
which was originally developed to visualize the lines of descent among different organisms, but can be
used to visualize any matrix of similarity as a tree. The source code used for the analysis is open and
publicly available at http://vfacstaff.ltu.edu/Ishamir/downloads/ImageClassifier, and the source code

and further description of the phylip package is available at
http://evolution.genetics.washington.edu/phylip.html.
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