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This is a part of the user manual for the IAP (Integrated Analysis Platform). This documentation
describes especially the analysis workflow for loading phenotypic image data, which was acquired with
a manual scanner system or a digital camera. The the setup for the image analysis of detached
leaves data will be shown in detail. Finally, the result export function will be shown shortly. The
detached leaves analysis requires the installation of an external Add-On. Following this link
http://iap.ipk-gatersleben.de/#addons you can find a short introduction.

(To use this manual it is recommend to have already downloaded IAP. If not done so far, please visit
our website http://iap.ipk-gatersleben.de to get any information about setup and installation of the
software. Also many example workflows and example datasets are available.)
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Load Image Data and Create an IAP experiment

The first part will be describing how to load any phenotypic image data (commonly: the image files
saved in a folder on your computer, this images could be acquired with a digital camera or scanner
and need no special preparation) and how to create an IAP experiment for image analysis. In this
example manual scanned root images will be analysed.

1. Start IAP

(for more  details take a look in the User  documentation http://iap.ipk-
gatersleben.de/documentation.pdf) and click “Load or Create Dataset”.

IAP - The Integrated Analysis Platform
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Welcome to IAP - the Integrated Analysis Platform! viia

The Integrated Analysis Platform IAP is a systems biology cloud storage, analysis and visualization system, It is fecused on high-throughput plant
phenotyping and developed by the IPK research group ‘image analysis'

You find information on how to use this seftware and additional reference information by clicking the cormmand button 'About’
Use the first row of buttons to go back to any previously selected command or to return to this 'Start'-screen.

Start Window of the IAP. (first row bookmarks and actual navigation, second
row action buttons)

2. Create Dataset from Image data

In our example we will load some locally saved image data from the hard drive. Therefore you click the
first button “Create IAP Dataset from Files” and navigate to the images as shown in the following
images. Finally mark all images you want to load and click open.

- IAP - The Integrated Analysis Platform
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Welcome to IAP - the Integrated Analysis Platform! viia

The Integrated Analysis Platform IAP is a systerns biology cloud storage, analysis and visualization system, It is focused on high=throughput plant
phenotyping and developed by the IPK research group ‘image analysis'

You find information on how to use this software and additional reference information by elicking the command button ‘About’
Use the first row of buttons to go back to any previously selected command or to return to this 'Start'-screen.

Overview window about the different creating/loading methods. Click the first
to create an IAP dataset.
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| 2] Open x
Look |n: Detached Leaves & EE
Detached Leaves AP
index
File Mame: "CLTIF"TLTIF "T2.TIF"

Files of Type: Images

Dialogue to choose target image files.
3. Adding some Additional Information

Now you can add some additional information about the experiment. Most important information is the
experiment name and coordinators name (no need for other information, it is recommend to do this
later if needed).

771 Add Annotation for 3 Files x
L BUE 3

File 1 {Image): C1.TIF
Experiment: Apply to all other files |
Experimentname Detached Leaves
Experiment src john_doe@ba-22.ipk-gatersleben.de:Detached Leave
Coordinator jean
Startdate (dd-mm-yy) Mon Mov 18 17:11:18 CET 2013
Enddate {dd-mm-yy) Mon Mov 18 17:11:18 CET 2013

Additional Comments

Condition: Apply to all other files

Species unspecified
Cenotype CL.TIF

Treatment

Sample: Apply to all other files

Timepaoint 1
Tim eunit day
Component

Measurementtool

Substance™ vis.top
Replicate ID 1
Object ID Cl
Unit*
Fosition 1)
Fosition Unit™
Pixel Width* 5
Pixel Height* 5
Thickness™ 1)
*eopied field | Apply to all otherfiles

| [s1:8 | | Cancel |

Annotation window for image data.

After finishing your entries just click “OK”. Now you created an IAP experiment, it has to be copied on
the hard drive for further use.
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4. Copy and Save IAP dataset to Hard Drive

Before copying it is important to select a proper experiment type (Leaf Images).

F Experiment Detached Leaves

Name/Title Detached Leaves

I user.dir. 1384866526586 index/1384791248506_0_jean_Detached Leaves.iap.index.csv
Import by jean

Qrigin user.dir.1384793269030:index/1384791248506_0_jean_Detached Leaves.iap.index.csv
Database null

Coordinator/Creator john_doe

Access Group

Experiment-Type Leaf Images
Start-Time Generic Greenhouse
. Imported Analysis Results
End-Time Imported Dataset
Sequence/Stress
Maize
Remark
Manual Measurements
Qutliers Rapeseed
Annotation Rice : -
Connected Files 3 (5,730 KE)
Storage Time 11/18/13 5:48 PM
History -
Analysis Settings Detached Leaves Analysis (75 lines)

| Cancel || Save Changes |

Save the experiment on the hard drive by clicking the “Copy” button. To save on local file system
choose the following option as shown below.

. [Copy dataset to a user-selected target folder]
-—
To Local File System

Now choose your desired target directory and voila the IAP experiment will be saved. This may be
taking some time depending on the number of images, image quality and your system speed.
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Load and Analyse an Detached Leaves Experiment

In the next part it will be shown how to load and analyse an experiment with the IAP software. Several
steps are recommended, these are pipeline assigning, checking the pipeline performance (plus
possibly parameter adaptation), analysing of the whole experiment and finally result data browsing and
export for further analysis.

1. Load IAP Experiment

For loading an IAP experiment click again on “Load or Create Dataset” and then “Load IAP Dataset(s)
from File System” button as shown below.

Pl )
-—

[Load dataset from local file system |
Load IAP Dataset{s) from File System

Now browse to the experiment main folder and click “Select Target Folder”.

| &) Select Target Folder x

Loaok In: Detached Leaves IAP @ 6 [EE =

conditions
data

icons
index

Folder name: fhome/jean/Desktop/Detached Leaves/Detached Leaves |AP

Files of Type:  All Files

| Select Target Folder || Cancel |

After loading the experiment navigate to the experiment overview screen by clicking on the buttons as
shown in the fallowing picture.

= —

Detached Leaves
updated 20 hours ago

Leaf Images (1) john_doe (1)

Image Analysis with IAP — Example Analysis Workflow for Detached Leaves 6



Leibniz Institute of Plant Genetics and Crop Plant Research (IPK)

Now you are on the “experiment overview window”. Here are the options to add some additional meta-
data and information. After modifying, just click “Save Options” and your changes will be added to the
experiment.

L IAP - The Integrated Analysis Platform -0 x
£
3 3 —-— > E 3 _J >
Load IAP Dataset(s) from File System Detached Leaves
start Load or Create Dataset home/jzan/Deskaop/Detached Leaves/Detached Leaves AP Leaf Images (1) John_doe (13 updatzd 20 hours ago
:m: imd =] ‘—‘ E; =
== —
View/Export Data  Analysis  PDF Report Copy Tools Addto Clipboard  Put datain ‘Experiments'tab  Move to Trash
= Experiment Detached Leaves
Name/Title Detached Leaves
[ user.dir. 1384866526506 ndex /1384791248506 _0_jean_Detached Leaves.iap.index.csv
Import by jean
Origin user.dir. 138479326903 0:index /1384791248506 _0_jean_Detached Leaves.iap.index.csv
Database null
Coordinator/Creator | john_doe
Access Group
Experiment-Type
Start-Time Nov 18, 2013 =
End-Time Nov 18,2013 =
Sequence/Stress
Remark
Qutliers
Annotation (no additional meta data information defined) Add/Edit
Connected Files 3(5,730 K8)
Storage Time 11/18/13 5:48 PM
Histary -
Analysis Settings Detached Leaves Analysis (75 lines)
Cancel | | save Changes

“Experiment overview screen”, on top are the navigation path, in the second row
some action buttons and below the “experiment information (meta-data) Field".

1. Assign Analysis Template

For assigning an analysis template to your experiment, navigate to “Analysis” > “Select analysis
Template”. Now choose the “Use Scanned Roots Analysis”, this is an analysis template designed for
detached leaves analysis.

IAP - The Integrated Analysis Platform

AU 1 = =
m > \El; > — > E > m 3 S S

A L - ]
Load IAP Dataset(s) fram File System Detached Leaves
start Load or Create Dataset home /jean/Desktop/Detached Leaves/Detached Leaves 1A Leal Images (1) Jahn_doe 1) updated 22 hours ago Analysis Select Analysis Template
Ll Ll [ [ [ [
Use Barley Analysis  \Use Detached Leaves Analysisf/  Use Maize Analysis  Use Arabidopsis Analysis  Use Roots Analysis  Use Maize Analysis [11/18/13 1130 AM]  Use Tabacco Flower Analysis

Now you have assigned a template for the image processing. A template includes an image
processing pipeline which is designed to analyse a species (maize, barley, arabidopsis, ...) or a plant
organ (leaves, roots, ...). A pipeline consists of several image processing blocks. Each block fulfils a
special image processing task. Most pipeline parameters are predefined and should work well with
different applications, but sometimes it is necessary to change some parameter (e.g. in case of strong
illumination fluctuation). Also you are free to add or remove some blocks. The detached leaves
pipeline uses following blocks as default.

1. Load Images (without reference)
2. Copy Image Set to Mask Set
3. Auto-tuning VIS-Segmentation (K-Means)

4. Morphological Operations
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5. Separate Objects

6. Calculate Color and Intensity Histograms
7. Calculate Areas

8. Run Post Processors

9. Move Mask Set

You can get detailed information about each block in our main documentation (see documentation
http://iap.ipk-gatersleben.de/documentation.pdf). A special block in the detached leaves analysis
pipeline is “Separate Objects”, this recognizes all detached leaves in the image area and separates
them. The area, intensity and color features will be processed for each leaf.

2. Image Browsing and Testing of Pipeline Settings

Now go back to the “experiment overview” window. On the next pages the image analysis and pipeline
testing will be described elementarily.

For checking the pipeline, navigate to “View/Export Data” and choose an image to run a test analysis
for this single image by clicking right on the image. Choose the “Detached Leaves Analysis (Image +
Reference)” option in the appearing window as shown in the next two figures.

IAP - The Integrated Analysis Platform

om. o . b . ..

P LoworCremeDuazey  LeAOMPDMBMG e Flesysen | anaysizResuns @) jonn_doe @)

. 2 =
- -

Data  Create ZIPfile  Create TARfile

Save Annotation Changes  Export Num

Detached Leaves T [0 R o P o e o e e s T e

& 4 aay 1

B 0 TLTF
B0 T2 TR

CLTIF

Image browsing, on left side navigation tree, right side contained images.

ShowImage

Show Annotation

Show Complete Snapshot Set »
Change Analysis Settings

Detached Leaves Analysis (Image+Reference)

Detached Leaves Analysis (Reference+4Old Reference)

Analysis Templates »
Menu for image analysis tasks (opened
by right clicking on the image).
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After calculation the result window appears. It is recommended to check each pipeline-step for any
errors in the image processing.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ J [ chanae anawysis zerings

Result-window, navigation through the image analysis steps by moving the scroll bar.

3. Modifying settings if needed

In some cases it is necessary to change some analysis settings, most commonly are the background/
foreground definition for the segmentation step. This example will used here as a short introduction in
the pipeline modification options.

By clicking on the “Change Analysis Settings” button in the result window or by clicking on
“Export/Modify settings” in the main window as shown in the image below you can open the settings
window.

Side Settings

Here choose top settings (depends on your image data, default is top). The opening window includes
all block settings. To change the background/foreground navigate to the segmentation options, in this
case “Auto-tuning Vis-Segmentation (k-Means)”.

7 = )
) & >
w®
Modify settings Top Settings
= —T. T — = AR
B4 b4 b4 B4 = T
Auto-tuning VIS-Segmentation (K-Means) Separate Objects Load Images (without reference) Copy Image Set to Mask Set Calculate Color and Intensity Histograms Defaults
(delayed)
B = = =2 = =
- oA L=l L=l oA oA
Real Blue Marker Distance
1350.0 Calculate Areas Run Post-Processors Move Mask Set to Image Set Median Filter Marphological Operations
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Here define the colors for background and foreground, in this case dark slate blue and dark khaki were
chosen (Accepted are the color name, RGB-, HSV- or L*a*b*-values). The k-Means algorithm assign a
pixel to a color class based on the euclidean distance.

I = = L:r
L =~ = 7]
Madify settings Top Settings Auto-tuning VIS-Segmentation (K-Means)
Z: a TAS
: #0® Y S0% W
. ¥
Color Classes Seed Color 1 \/ Seed Color 2 \/ Epsilon Blur Defaults
3 Foreground 1 light grey (#d7d7d7) Foreground 2 khaki (#c8e582) Enabled Debug 0.0l 0.0 (delayed)
Z . Jo
el W i FEl A
h 4 h
% Seed Color 3 % Seed Color 4
K-Means Optimization Loop tomato (Fcce040) Foreground 3 olivedrab (#569900) Foreground 4

Window for changing settings of the analysis block “Auto-tuning VIS-Segmentation (k-Means)”, if
“Foreground” is checked for a color, all segments belonging to this color class will be processed as
foreground (in this example as root). Result traits are only processed for the foreground classes.

ia To define the number of detached leaves on an image go back and choose the options
E_-— f for “Separate Objects”. Here change the value of “Maximum Object Count” to the number
separate Objects O leaves which are visible in your image configuration (in our example this would be 3).

(To get further information about pipeline tuning and customization, please use our complete user-
documentation which is published on our website. http://iap.ipk-gatersleben.de/documentation.pdf )

4. Start Analysis of the Complete Dataset

After checking the pipeline the analysis of the whole dataset can be started. Go back to
= “Analysis” and click on “Process Detached Leaves Analysis”. Now the calculation begins.
— The duration of the calculation depends on the processed dataset
s (number/size/dimension of images) and on your computation system.

During analysis the analysis button shows the progress. After a while the

last line shows the amount of time, that is left to complete the analysis and
¥ Process Detached Leaves Analysis 1 the @amount of time the analysis will overall take. Finally, the date and time
snanehot anaars 15 pam 312 OF the estimated finish time is shown. After the analysis is completed, the
Lsof1sremain (11/13/13 119 regylt is automatically saved to the file system location.
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View/Export result data

The analysis result data set is automatically loaded after completion of the analysis. Now you could
browse the result images or export data.

- IAP - The Integrated Analysis Platform -0 %
e =
m =) — = = : }
> Jﬁ; > — > - = - > >
E Detached Leaves =
start Load or Create Dataset B o e e Lo 147 Analysis Resuhs (1) John_doe (1) 8 hours Analysis Pracess Detached Leaves Analysis

inpu

.
B

s P

Add to Clipboard

i |

View/Export Data

FDF Report Tools

Copy

Put data in "Experiments' tab

 Experiment Detached Leaves Analysis

Coordinator/Creator
Access Group

Experiment-Type

Connected Files
Num eric Values
Storage Time
History

Analysis Settings

Nov 18, 2013

9 (5,857 KE)

315

11/19/13 1119 FM

Detached Leaves Analysis (75 lines)

| Eait | | savechanges

Name/Title Detached Leaves Analysis

o user.dir 1384855295007 index/1384663569916_0_jean_Detached Leaves Analysis iap.index.csv
Import by Jean

Origin user.dir 1384855295007 index/1384791248506_0_jean_Detached Leaves jap.index.csv
Database null

start-Time ]
End-Time Nov 18, 2013 |
Sequence/Stress

Remark analysis started: 11/18/13 1.13 PM // processing time: 2 sec // finished: 11/13/13 1:19 PM

Outliers

Annotation (no additional meta data information defined) Add/Edit

Appearing overview window after calculation including analysis results.
1. View/Export Data

Click “View/Export Data”, to browse through the analysis results over time. In our example each image
would be separated into 3 leaf images.

- IAP - The Integrated Analysis Platform - B x
Al —
-— —
start Load or Create Dataset o e tached Lenves p ADaivais ResuRs @) John_doe (1) Analysis Process Detached Leaves Analysis
View/Export Data
= 2 2
Save Annotation Changes  Export Numeric Data  Create ZIPfile  Create TAR file
g p
() Detached Leaves Analysis | Add Files... | Youmay also use drag+drop to add files to the currently selected enthy of the experiment
@ o top —_—
o el vistop
8 o T2 T
=R &
[ T2_0vistop DEG_C
[ T2_1 vistop DEG_E
[ T2_2vistop DEG_C
& £ 0 CLTIF
@ o T
i/
| !
[ f *
T2_0 visaop DEG._... T2_1vistop DEG_... T2_2 vistop DEG_..)

Browsing of the result data (navigating through the tree on the left, result images and
numeric results can be chosen; on the right the result images will be displayed).
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2. Export Numeric Data

By clicking on “Export Numeric Data” you can export the numeric data in different data formats. To
export the whole data set in form of an Excel file, click “Create Spreadsheet (XLSX) (complete...)”
for .csv click “Create Spreadsheet (CSV)". Other options are not useful in case of the root analysis.

- IAP - The Integrated Analysis Platform -0 x
[ AP] = = - = i ‘
> > — > > > >
Start Load or Create Dataset e L S ) ) Analysis Results (1) john_doe (1) Analysis Process Detached Leaves Analysis
home fjean/Desktop/Detached Leaves/Detached Leaves |AP
B i
> 3 E =
View/Export Data Export Numeric Data
! ! ! |
Create Spreadsheet (<L) Create Spreadsheet (<LSX)  Create Spreadsheet (4LSX)  Create Spreadsheet 0<LSX)
N Create CSV File
(complete, high mem requ)  fno histogram, na sections) thistograms) tsections)
) Detached Leaves Analysis Add Files. ‘You may also use drag+drop to add Tiles to the currently selected entity of the experiment
B tep e
N

=) || |

Create Data Chart Export Data (XL5X) | i !

C1_0 vis.top DEG._...
T2_0 vis:top DEG_... T2_1vistop DEG_.. T2_2 vistop DEG_.. ] oulier

[ Flagged

C1_1 vistop DEG_..] C1_2 vis.top DEG_..] T1_0 vis.top DEG_... T1_1 vistop DEG_..] T1_2 vis.top DEG_...

Window including the export functions, .xIsx and .csv export buttons are marked.

3. Post Processing

To investigate the result data set further and individually, it is recommended to export the data as
XLSX (as previously described). Once opened, the quickest way to group, filter and plot selected traits
is the ‘Pivot’ function of Excel.

Trait Example value Explanation

Plant ID 1302_01 Unique identification number for each
plant and leaf index from O up to leaf
number of an image (counted from left
to right, beginning with zero).

top.vis.hvs.h.average 0.227 Mean value for the H/ S / V value of
top.vis.hsv.s.average the HSV color-space”.
top.vis.hsv.v.average 0‘ E*
top.vis.hsv.v.stddev 0.041 Standard deviation for the H / S/ V

values of the pixel colors. A small
value indicates similar leaf colors, a
high value indicates a diverse set.

top.vis.hsv.v.stddev

top.vis.hsv.v.stddev

top.vis.area (px) 1832 Calculated leaf area in pixel.

1 see http://en.wikipedia.org/wiki/HSL_and_HSV
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