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About RootScan

RootScan is a semiautomated root cross-section image analysis program that allows
users to detect and select different anatomical regions for future computational statistical
operations. In addition to data collection, there are numerous options pertaining to image
data and display that can be changed based on user preferences. The information
contained in this manual should be used as a guide before, during and after any root
cross-section analysis. New users should read this manual before they begin analyzing
their root cross-section images.

For additional information about RootScan refer to the following paper:

Burton, AL, M Williams, JP Lynch, and KM Brown. 2012 RootScan: Software for high-
throughput analysis of root anatomical traits. Plant and Soil 357:189-203, DOI:
10.1007/s11104-012-1138-2.

Disclaimer: Image quality is the major factor in determining overall data quality. With that
said, the authors are not responsible for any data results.
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Getting Started with Rootscan

Rootscan was developed in the programming language “Matlab”. To get started, run the
Matlab © application installed on your computer's applications folder or remotely using secure

shell commands in the terminal. Once Matlab is initialized, open the main Rootscan program
file 'A_ROOTSCAN_1BETA.m' and run the file.

Press the green play button to
run A_ ROOTSCAN_2BETA.m

A_ROOTSCAN_1BETA.
open in Matlab Editor
window

At this time you should see a dialog box titled: MATLAB Editor. This dialog box (seen
below) informs you that your main Rootscan program file is not located in the current folder
or on the MATLAB path. At this time, you can either change the MATLAB current folder or

add your program files to the MATLAB path. You should add your Rootscan folder

to the MATLAB path at this time. If you have MATLAB on your computer you can
manually place the Rootscan programs folder in the MATLAB path. This action will negate
the appearance of the MATLAB editor dialog box shown below. Once you selected the 'Add
to Path' option the main Rootscan window will appear on your screen (see Page 2).

(3] % MATLAB Editor

L File fgpfs/..2v1.0.Jan.1.2012/A_ROOTSCAM_1EBETA.m is not found
3 /l in the current folder or on the MATLAE path.

To run this file, wou can either change the MATLAE current folder or add its
folder to the MATLAB path. ;

Change Falder || Add 1o Path || Cancel || Helpa |

o g
S

Click the 'Add to Path’ option in the
MATLAB Editor dialog box to run
Rootscan during your MATLAB session.
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The Main RootScan Window and MenuBar

The main Rootscan window contains options determining what parameters and settings you
want activated for image analysis and options for individual image and batch processing.

i This menubar item allows you to change a
i number of data collection and quantization
i options. See pages 3-8 for instructions
i on changing these settings.

This menubar item allows you to select an entire

: image directory for analysis. See page 16 for
: instructions on opening entire directories.

i Learn more about
: Rootscan :

! This menubar item allows you select the image

i thresholding options used in the binary conversion
: phase (i.e. Phase 2 in Rootscan). See page 9

: for instructions on changing this option.

X SELECTA AERENCHYMA 1.0 BETA
E About Root Scan File  Data Options  Batch Analysis  Threshold Options  Display and Image Qutput Options  Help Menu ~
.

: This menubar item allows you
: to open individual images to

: test the current settings and

i parameters. See page 16

i for instructions on opening

: individual images.

You click this menubar item to get
: Rootscan or general Matlab help
: for a question.

: This menubar item allows you to change the

: display color and colors for the reference :
i images. See pages 10-14 for instructions on
i changing these settings. :

RootScan 2012 p. 2



Changing Settings and Parameters

Pixel Calibration and PrecisSion SettingS............ouvviiiiiiiiii e 3-4
Automating ROOTESCAN STEPS.....ccviiiiiii it e e e e e e e e e e eaees 5
CorteX INEIVAl SETINGS. ... ..ueiiiiiiii e e e e e e e eeeeaaeaaaanns 6-8
Image ThresholdiNg SETNGS. .....oooi i 9
Background Display PreferEnCeS...... ... iuuuiiiiiiiiiiiiiiiiiiiiiiiiriiiineerieereeeererereeeneeere. 10

Reference Image Color PreferencCe..... ..o 11-13



Root Biology Lab, The Pennsylvania State University

Setting the Data Precision and Pixel Calibration

The calibration and precision settings graphical s
user interface (GUI) is accessed directly from the

File Batch Analysis Threshold Options
main RootScan GUI window menubar under 'Data : s :
. . . . . ge Megative
Optlonsf.Mefasurement Calibration thlons. When Measurernent Calibration
_thlshop}tlon is select;a?\a separste window ap;pgrahr_s Anahysls automation options
|n_t e foreground of the main potScan GUI. This Calact Comex Intervals \
window allows users to interactively change the :

pixel calibration and precision settings.

Setting the Data Precision Value

The data precision value is only set by direct entry. Users can do this by entering/reseting the
current value in the data precision text box field. The bottom left image in the section: Setting
the Calibration Value, shows the data precision text box field as it appears in the GUI.

Setting the Calibration Values

The pixel calibration value is essentially the value needed to convert from the pixel space to the
metric space. You need the pixel calibration value, the pixels per linear millimeter, to perform

this conversion. NOTE: users need to measure two calibration values one for each
dimension.

The calibration value can be set using different methods. In the first method, the user has
prior knowledge of the correct value and can enter the value in the text box under the
calibration value header in the right hand side of the GUI window. If the value is unknown,

users can measure the value directly by opening up their calibration file using the menu bar
options in Calibration and Precision Settings GUI window.

Calibration
text boxes

Data precision;
text box

Selecting Calibration file under the

calibration and precision settings GUI  Calibration file prompt
main menu bar

Calibration Image
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Step by Step Process continued

The calibration values for the current image directory are measured directly from the
calibration image. The calibration image shown in the window below is a
hemacytometer scale that was photographed under the same microscope (and
settings) that took the root cross-section images. It is the important that microscope
settings do not deviate significantly between the cross-section image and
hemacytometer image. This variation would lead to measurement and process
errors. The hemacytometer image in the GUI window below has a maximum
precision of 1/20 mm.

Final point of line segment
Initial point of line segment

Pixel calibration values

HCYeY:) N, Pixel Calibration and Data Precision Settfos A
cateraon se

.
Calibration Value (pixel width) 4

L= Radio button associated with
Calibration Value (pixel height) 4

Codl measuring the calibration
3 value in the 1% dimension.

Radio button associated with
measuring the calibration
value in the 2" dimension.

@Pixel Width  _Pixel Height

H
Data Precision|

| L
; : Finished \
\ Precision value

Draw a line segment in

nd A :
the 2™ dimension also. Hits the finished button when

you are satisfied with their
selections.

The total metric distance for this line segment is
approximately 1 mm.
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Automating Different Phases of the RootScan Analysis

There are five major steps performed on a single cross-section image: cross-section
segmentation (pages 20-21), lateral root isolation, stele/cortex segmentation, lacunae selection
and xylem vessel selection. Of the five steps, three can be fully automated by the user.
Caution must be used when deciding to automate any RootScan step since the automation
process could lead to measurement and process errors. The steps that are recommended for
automation are enabled by default.

Setting the Automated Options from RootScan Main Menu Bar

The automated options window is accessed directly from the
main RootScan window menu bar under 'Data : ——
Options:Automated Options' option. When this option is Measurement Calibration
selected a separate window appears in the foreground of the o ey optne
main RootScan window, allowing users to interactively select

which steps are automated.

H
* File Barch Analysis  Threshold Options E

606 X| Figure 2: Automated Root-Scan Settings

Cross-section segmentation : Select Steps For Automation
automation check box (enabled) :

“Automate cross-section segmentation

Lateral isolation automation check -
box (disabled)

~Automate stele segmentation
/» E
Stele/cortex segmentation :

. i JAut t | | detecti
automation check box (enabled) 1, “iomate Xylem vessel detecton

Program automation activated Done Cancel E

Aerenchyma selection automation
check box (disabled)

Xylem vessel isolation automation .
check box (enable) Program automation pushbutton toggles on/off

when pressed letting the user know if the
automated options are activated or not.

When each of the enabled checkboxes are checked a warning message appears in the
foreground of the Automated RootScan Settings reminding the user of the consequences of
this decision.

[cXS] X Warning Dialog
Warning dialog box for cross-section —————— (1\ s st sy o e v
segmentation automated options =
TS BT K s s T
Warnlng dlalog bOX for Stele/cortex : & Slel‘ecﬂn‘gl\ms option will p;?!;hlug;'/}nnumngrtnau:mracungwunthe manual
segmentation automated options  d
N I - T ey Y
Warning dialog box for xylem vessel (TN v ot ot o on st pemarus
automated options -
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Cortex Interval Settings

Rootscan identifies objects in the cortical region and provides data on cortical cell number, cortical
cell size and the number of files. In addition, cortical cell parameters can be calculated for radial
zones within the cortex. The user has the ability to set the partition of each band at the locations
suitable for the type of data desired. There are three standard settings and one custom setting that
allow users to select the number and location of partitions. The default partition setting is the '4-
Equal-radial Regions' setting. Users can experimentally determine which settings are appropriate
for their work by testing each setting using the individual image options (See Selecting Image Files
and Image Directories).

% SELECTA AERENCHYMA 1.0 BETA 1
(SEWCREENER Barch Analysis  Threshold Options  Display and Image Output Ogtions  Help Menu

The cortex interval settings are accessed by
'Data Options:Select Cortex Interval:Cortex :
Region Interval Selection ' option. When this
option is selected a separate window appears in
the foreground of the main RootScan window,
allowing users to select the appropriate cortex
intervals.

Image Megative

Measurement Calibration

Analysis automation options

Select Cortex Intervals Cortex Region Intenval Selection

Custom Interval Selection

To set your own customized cortex
interval boundaries, select the '‘Custom
Interval Selection' option directly from
the menu bar from the main RootScan

Information box window.

Select Cortex Region Interval

_ _ Diagram of Cortex Region
Often times local sampling methods
» areused to reveal additional information
o for a particular sample. This isespecially Intervals
. true for root cortex samples possibly

i having uiform and non-uniform cortex cell
i size distribution within cortex regions.

E Thiswindow prompts the user to select
CheCk box panel for « radial distance interval bands for the local

cortex interval i sampling method.
partition selection.

The diagram Wi" E -3 Equal-radial Regions
reflect the number of

. ! #4 Equal-radial Regions
intervals selected.

1A

4-(9;-> < > <« Jr><gro>

45 Equal-radial Regions

Select Custom Regions

or = % *+ Cortex Thickness

If you select “Select Custom Regions” option no
diagram will appear. The option will be applied when
you press the “Done” button.
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Custom Cortex Interval Settings

Users can access the custom cortex interval settings GUI directly by selecting 'Data
Options:Select Cortex Interval:Custom Cortex Intervals' option directly from the RootScan
main menubar. Before this GUI window appears on the screen an input dialog box appears
that allows users to type in the number of customized interval partitions desired. Once
users type a valid number (i.e. non-negative integer) the dialog box terminates and the
custom cortex interval settings GUI appears for user interaction.

Entering the Number of Cortex Interval Partitions

Users enter the number custom cortex 78 0 1\ Select The Number of Cortex Regions i
Intervals Used for thelr Interval partltlon : How many cortex regions do you want? (Sugoestion: Since the number of cell
e i H H sfiles i Iy | than 10, th hauld select an int | It
p|acement_ T.h|s |nput d|a|og box W|” not EtLZiliﬂu?nut:rgal?s an e user should select an interval no greater
terminate until the user enters a valid = H :
response. :
P 0K | Cancel|:

Positioning the Custom Cortex Interval Partitions

Define the partition locations in the upper bound column.
Values must be real numbers between 0 and 1.

Lower partition boundaries are set
automatically based on entries in
the right-hand column.

Custom cortex interval /

partition placement GUI

DONE CANCEL
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Correct and Incorrect Custom Cortex Interval Partition Entries
Examples of custom cortex values and the response by RootScan are shown below..

Incorrect Interval Entries

The GUI window to the left shows an
incorrect entry of .2 and an 'a" in the
first and second text boxes,
respectively. The second entry is not
valid and RootScan creates a
message that the second entry is not
valid by flagging the text box in red
and issuing a warning.

The GUI window to the left shows a .2
E— : and a number 1 in the first and second
| / (1 sttt s text boxes, respectively. The second
—— entry is not valid since the range of

/ values must fall between [0,1].
RootScan informs the user of this case
by flagging the text box red and

issuing a warning.

[ 2 800 X Warning Dialog

— — The GUI window to the left shows a .2
&' ; and .2 in the first and second text

S TR e boxes, respectively. The second entry
is not valid since the two interval
bands cannot have the same upper
boundary. RootScan informs the user
of this case by flagging the text box
red and issuing a warning.

Sample Entry

The figure to the right snows a series of correct upper boundary
entries made by the user. These entries can be in either the decimal : ;
or fractional form. These values along with other cortex interval data,
are saved into a data cell array located in the RootScan programs
directory. When the user is in the individual image mode this cell
array is read into the session. When the user begins analyzing an
entire directory of images in batch processing mode these settings
are read into the session and saved in the image directory chosen by
the user. _one | cancet|
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Localized Image Thresholding

% SELECTA AERENCHYMA 1.0 BETA

increase image binarization accuracy at finer scales With | sos monmmnion
varying contrast. RootScan's local binarization e et et s o a1 et s
algorithm uses the pixel attributes of a sample WINAOW & e
locally centered around the current pixel. Pixels are

deemed foreground or background if they meet the The threshold options are set directly

specified requirements in defined in the algorithm. from the RootScan main menu bar.

Different Thresholding Methods

27 pixels converted in 27 iterations
1 pixel method evaluates
only one pixel per iteration.
This produces good
accuracy.

2X2 pixel method evaluates
four pixel per iteration. This
results in a four-fold
reduction in computation
time. You lose some
accuracy due to spatial bias
but the results are still very
reliable.

3X3 pixel method evaluate
nine pixel per iteration. This

results in a nine-fold reduction 1111102121213
in computation time. You lose

more accuracy due to spatial 11111421212
bias. 111111212 2)3
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Setting the Background Color of the Main RootScan Window

Users have the option of changing the background color anytime during their session.

Set Background Color via Main Menu Bar

Users can change the RootScan | SELECTA AERENCHYMA 1.0 BETA :
bapkground color by SeIeCtlng . Dizplay and Image CQutput Options EEETSREEL l
'‘Display and Image Output 3

Main Display Color

Options:Select Image Output

Select Image Qutput Calors

Colors.
f@ 0 O X Color
: =EEEEE== This option opens up a
EEEEEEEE | stgndard unlv_ersal I\/_Iatlab GUI
ooooEmEDn window showing various colors
OO00CEEEE and an additional color options
EEEE:::: pushbutton.
OD000mMEEE
] § § ] |

More Caolors. ..

ok ]| cancel \ An additional GUI window, containing a series of
’ ) color options, is shown when users select the
'‘More Colors..." pushbutton.

You can choose their colors using three selection modes: Swatches, HSB
and RGB modes. Swatches option is currently shown.

Xty A TP : Under the swatches option, users are limited to the

; B\ / colors shown in the color grid.

i The same secondary GUI window with
the RGB option currently shown.

E s ; : i Use the slider to change the
ooy Lol cmn ifgsm] s 4 {2 .r==—%pred, green and blue color
Secondary GUI window Poee o, EE 7 channels

When any of the sliders are

e a. / adjusted the color will change
i D Sample Text Sample Text E

: :
S e i
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Setting Color Preferences for the Reference Image and
Highlighted image via Main Menu Bar

You can change the reference image %/ SELECTA AERENCHYMA 1.0 BETA
and highlighted image color Display and Image Output Options MEESRLELT
preferences by selecting 'Display and
Image Output Options:Select Image
Output Colors.

Main Display Color

Select mage Cutput Colors

Select 'Reference Image Color Options'
pushbutton to show the reference image with the
current color preferences for the six reference
regions for all RootScan analysis steps

Interactive color slider

The window is initialized (Red color channel)

without any image Interactive color slider

______________________________________________________________________________________________ (Green color channel)
‘)Aermf::”““”"“e — /”E Interactive color slider
ey | e (4 // (Blue color channel)

Oprotoxy | Green ]
-

— -

-

Lateral . - -
Perimeter Dilation

stele O I i i .
— — ""\ Interactive Perimeter
ighlighted Cross-section Color Optmn\ ‘ g

Cnerenchyma v [ D} dilation slider
Meta XV Greenmﬁ E
_Proto XV .
SN L M)
:
:

Cortex Struc...

e :  Select 'Highlight Cross-section Color
i  Options' pushbutton to show the
:  highlighted cross-section image with
___________________________________________________________________________________ finshed:  the current color preferences for the
six anatomical regions of root cross-
sections

The radio buttons from each panel will activate the current color settings for that particular
reference region in its parent panel. When the user changes the position of the red,
green and blue color sliders, the current color settings will change.
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Interactively Adjusting Cross-section Region Colors for the
Reference Image Using Interactive Slider Bar

The reference image keeps track of all RootScan analysis steps by displaying the results in a
color coded image. After the completion of each step, the reference image is augmented with
the results of the most recent step. Once the analysis of each root cross-section image is
completed, there are six possible color coded regions in the reference image. These six
regions are the following: lacunae, metaxylem, protoxylem, x-section perimeter, lateral root
perimeter and stele perimeter. This image is for display purposes only and is saved in the
Image_Output directory contained in the parent image directory.

Adjusting Colors Using Slider Bars.

Three color bars for the red, green and blue color channels are provided so users can
customize their reference image shown in the right-most region in the main RootScan
window. The box below shows an example of a user changing the aerenchyma color.

Reference Image Color Options \

i & Aerenchyma E
: Meta Xy [zl n E 4 241;

User can adjust any of
the color channels.

E JProto Xy Green “H ‘ |’| ]_O :
E _M-5ection Elue ng » 0
e Perimeter Dilation

: Stele ‘<|| |’| 1

Original aerenchyma color of hot red.
RGB (241, 10, 0)

Reference Image Color Options | :

1 (® Agrenchyma

L e Red 241 User only adjusted
E _IProto XY Green |‘||| |’| ].O 7 the blue Channel

: £ slider.
E _J¥-Section Blue n g » 250 ;

P lateral ]

ol Perimeter Dilation :

r _Stele o

: 47 b1

New aerenchyma color of hot purple.
RGB (241, 10, 250)
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Adjusting Perimeter Dilation Preferences for Reference
Image Using Interactive Slider Bar

Perimeter dilation preferences are only set for three regions: cross-section perimeter, lateral
root perimeter and stele perimeter. When any of these three perimeter regions are selected,
the user can adjust the color and perimeter dilation (i.e. boldness) by adjusting their
respective slider bars. Below is an example of perimeter dilation changes made to the
cross-section perimeter.

Original cross-section dilation of one
pixel radius highlighted lime green

Reference lmage Color Options |
_Aerenchyma
Sy, 0
_IProto XY Green |‘| ||’| 255 E
Poeocsection b 0
LIk Perimeter Dilation ' The initial radius of dilation is
5tele : bl 1 / 1. The user can adjust this
value.

Cross-section dilation changed from one pixel
radius to four pixel radius units. The perimeter
is 4 times as thick now. Highlighted color

remains lime green \

Reference Image Color Options |
_Aerenchyma
OMeta XV Red ns 4 0 3
E OProto XV Green |<| HH 255
@ X-Saction Blue ns » 0
P lLateral : _ 5 The user moved the slider until
: Perimeter Dilation

the radius of dilation equals 4.

stele PE » 4
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RootScan Checklist Prior to Starting Batch Analysis

Check/measure calibration and precision settings

Calculate and verify their image calibration value and data precision settings prior
to initializing batch analysis mode on any directory. These settings remain static

throughout the entire batch session . To change calibration and precision settings

see pages 3-4.

Check/verify automated options in Data Options

Verify which RootScan steps are automated during the batch processing mode.
Keep in mind that you will not be able to interact with any step that is automated so the
user is cautioned about implementing automation instructions for a given step. These
settings remain static throughout the entire batch session. To change automated
options settings see page 5.

Check/verify cortex interval settings

Test and verify their cortex interval settings prior to initializing batch analysis mode

on any directory. You can validate cortex interval settings by testing a few images one at

a time and adjusting the intervals until satisfied. These settings remain static

throughout the entire batch session. To change cortex interval settings see pages

6-8.

Check/verify thresholding options

Verify which thresholding method is suitable for the current image directory. You
can test individual images using the three thresholding options. These settings remain
static throughout the entire batch session. To change thresholding options see
page 9.

Check/verify color options

You have the option of defining cross-section color preferences for the reference image
and highlighted cross-section image during any part of the batch processing mode since
these images are used for display purposes only. These settings, unlike the previous
settings, can be changed at any time in batch processing. To change image color
options see pages 10-14.

RootScan 2012
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Selecting Image Files and Image Directories

There are two analysis modes offered in RootScan: individual image analysis mode and batch
processing mode. The individual image analysis mode allows you to test and verify which
settings are appropriate for a given directory. Once these settings are determined you can
batch process these image using the batch processing mode.

Opening individual image files

Users can start analyzing individual images by selecting the ‘File:Open Image’ option
under the main menu bar on the RootScan graphical user interface (GUI). This selection
will prompt a user to select one individual image file at a time.

Sy U papapppan -
: teono T [ Seiect File for Quick Analysis s
) ) E i Lookln: [ high EREIRIELE E
Data Options  Batch Analkysis P e ouns 0 1 .
: E o renr g 5erianc it
. s 03 X_section_binany 136HighD.tif
[:][:IET'I |T'I"'IEIQE E E (3 x_section_segments ] 137HighAtir
3 + B 122Highactif 3 130Higha tif
H [£1 1connectedBorder.tir
1 |B) 132HignC.tif
1 B 135Highatif
E File Name [132HighB.1ir | E
E Files of Type: \ (".jpg, *.peg, Tjp2, .U, T, gin v| E
""""""" : [ open || cancel | i
Selecting individual image file T SRR LSRR RO RL RS <
from menubar This window allows users to select

one image within a directory.

Opening directories for batch analysis mode

Users can start analyzing entire directories for batch analysis mode by selecting the '‘Batch
Analysis:Select Directory' option under the main menu bar on the RootScan GUI. This
selection will prompt the user to select an entire directory for batch processing mode.
E E“é'/’\'??"""““';';S.'EZC&Z;&;;';'J;J"'""""""""":
t Data Options EEGGENEEEN Threshold Options R -

Select Directory P

Data Qutput 3

Delete DirEETUW % File Name:  [ipfs/work/m/msw191/x_section_samples/hi_low_compare_2/high| E

% Files of Type: [All Files - .

Selecting batch processing This window allows users to
mode options from select an entire image directory
menubar for batch analysis mode.
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Main RootScan Interface During Ima
Processing Mode

ge

Finished Buttons Panel: Progress Bar Panel:

: Select the radio button associated ! For each phase (i.e. cross-section segmentation,

i with the current step when you : image binarization and general cross-section

: aresatisfied with their current i analysis steps) the status is shown to inform you of

: selections. i the progress through a phase and directory. Page

: Note: the radio button associated { 19 describes all three RootScan phases.

: with that step is the only button i A

i enabled at that time.

! Change Analysis Button:
i Selects the options on the
: dropdown box associated
: with the current interactive
: step that needs additional

Progress

Phase 3: Remaining

Total Directory
JFinished with aren selection # .
.
.
b Changle Analysis Sl

: correction.

Image Information

Main Image:
i This is the area you will be
i interacting with images.

Image Information and Comments Panel:

: This panel displays the image name, number of radial

: cell file count (RCFC) and number of cortical cells

i (CCC). These should be checked for accuracy. Once

: the you complete all interactive steps, you can rate the

: image by clicking the dropdown menu box labeled Rate
: Image and type your comments in the editable text box
with initial string “User Comments”.

Skip Image Button:
: You can skip an

image when this
: button is pressed.

: Reference image: The

: reference image is updated

i whenever the you make a

i change to cross-section .
i components in the main image
i area. There are three :
: reference images accessible

i to users. See page 18 for

i more information.

RootScan 2012
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Reference Image Options

In addition to the standard reference image, alternative reference images (i.e. cortical cell file
and cortical cell size distribution) are made visible when you select the Cumulative
Analysis Results drop down menu bar above the current reference image. This drop
down menu bar will only become active when you complete all steps for an image.

.

Cumulative Analysis Results

iCumuIative Analysis Results
iCell File Image
cell Size Image

Reference Image

The reference image keeps track of the results
from each RootScan analysis step by
highlighting those target regions a particular
color specified in the Display and Image
Output Options menu bar tab in the main
RootScan GUI window. Selections will appear
in the reference image as they are made. This
is the default image when the program
proceeds to the next image in the current
directory.

Cell File Image

The radial cell file image is an approximate
highlighting scheme for all radial cell file bands
as they are delineated in the cortex. This
image is produced after the radial cell file count
has been calculated in the lacunae selection
process. The user displays this image by
selecting the 'Cell File Image' option in the
Cumulative Analysis Results drop down menu
bar.

RootScan 2012
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The Three Phases of Root Cross-
section Analysis

Phase I: Root Cross-section Segmentation

You will review and modify the automatic cross-section result at this time. The
resulting image will contain only the root cross-section. This image is sent to

Phases Il and Il of the analysis. See pages 19-20 for complete description of
this Phase.

Note: If you are performing a batch analysis you will perform this action
on all raw root cross-section images before proceeding to Phases Il and lil.

Phase Il: Cross-section Binarization

All image results from Phase | are passed to the cross-section binarization
algorithm. The resulting image is the binary representation of the grayscale
cross-section, with cell wall pixels coded black and non-cell wall pixels coded
white. This phase is completely automatic, therefore no interaction is needed.

Note: If you are performing a batch analysis the computer will perform
this action on all root cross-section images before proceeding to Phase lll.
Get up, stretch and go do something else until this phase is complete.
This phase may take some time. See page 37 for more information about
Phase Il runtime statistics.

Phase lll: Remaining Steps in Analysis

All image results from Phases | and Il are passed to the remaining sequential
analysis steps. During this phase you will complete the following steps for each
image: Lateral Root Isolation (pages 21-23), Stele/Cortex Segmentation (page
24), Aerenchyma Selection (page 25), Metaxylem Vessel Selection (page 26)
and Protoxylem Vessel detection (page 28). Each of these remaining steps
includes automatic detection algorithms and its interactive counterpart.

RootScan 2012 p. 18
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Cross-section Segmentation Phase

The cross-section segmentation phase (Phase 1) consists of two steps. In the first step,
automatic cross-section detection, the program defines the boundary of the cross section and
displays the result. In the second step, manual cross-section selection, the user can adjust
the boundary or create a new boundary. If the selection includes root hairs or external debris,
they should be excluded by moving the blue polygon at any of the crosshair points. To draw a
new polygon the user presses the 'n' key on the keyboard, which changes the pointer to a
mini crosshair. The user can start drawing the new perimeter.

The result from the automatic
cross-section detection
process is represented by the
green perimeter boundary.
This boundary is not movable
by user.

-4
-
s
]
b
. .
L™

¥ ;.'ljlai' W

You can correct the
automatic cross-section
detection results by moving
any of the blue polygon
vertices. Pressing the 'X'
key expands the polygon
outward from the cross-
section center. Pressing
the 'c' key radially contracts
the polygon toward the
center.

Once you are finished with your / _Finished cropping section
selections, hit the ‘Finished :

e

cropping section’ button. f

RootScan 2012 p. 19



Root Biology Lab, The Pennsylvania State University

Cross-Sections with Protruding Laterals

Sometimes users encounter cross-section images with protruding laterals or debris adjacent
to laterals. In both cases the pixels contained in these region are not classified as cross-
section pixels and should be eliminated. In this case, users need to pull all applicable
vertices back toward the cross-section boundary should be reset using the interactive blue
polygon. The bottom-left figure shows the stationary red cross-section border chosen by
RootScan and initial interactive blue polygon both including a protruding lateral in the
selection. The reason blue polygon perimeter name is prefaced by the words: ‘initial’ and
‘interactive’ is very important. The coordinates from the red cross-section border are used to
form the initial interactive polygon. Notice how the blue polygon vertices coordinates are
expanded radially outward from the red border. This was done so the user can view the
results from the automatic cross-section segmentation step executed in RootScan. Correct
the cross-section by dragging all applicable vertices back to the cross-section boundary. All
vertices (i.e. blue dots) to the right of the yellow line need to be adjusted back to the yellow
line. The bottom-right figure shows the result of performing such an action. There is another
lateral lateral root in the example below, forming from the top of the image. Some users may
adjust those vertices also since it could be considered protruding. It is not necessary to
adjust every vertex of the interactive polygon to correct the section
boundary. Only inaccurate vertices need to be adjusted. This is because the
results from the user interaction are sent to another automatic cross-section segmentation
step. The result reflects the combination of the secondary auto detection and any changes
made by the user during the interactive portion of this phase.

Vertex adjustments made
These regions do not need to protruding lateral region
any adjustments

This region around the Region excluded after
protruding lateral needs vertex adjustments
adjustments

Before user eliminates protruding lateral After user eliminates protruding lateral
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When you have completed Phase |, RootScan automatically transitions to the image
binarization process. Since this process is entirely automatic you can work on another
project until this phase is complete.
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Lateral Root Isolation

At this time there is no automated step for
detection and exclusion of lateral roots in
cortical regions. If there are ‘N’ of lateral
roots, the user must eliminate ‘N’ number of
lateral roots from the cortical region. Some
cross-sections can accommodate up to 3-4
lateral roots, although this case is very rare.

The cross-section image to the left shows
an image undergoing lateral root exclusion.
You can start drawing the interactive
polygon by placing your first vertex on any
location on the lateral root border by a
single click. Release the button and move
the mouse to the next point. You should
see a blue segment growing and following
the data cursor. Once the data cursor is
over the next possible vertex location the
you can click again. Continue clicking
around any lateral root(s) until you return to
your starting point. You can close the
polygon by double clicking or clicking on
the first vertex drawn. Once the polygon is
closed you can drag the vertices or move
the entire polygon if mistakes were made
during the initial placement.

Once you are finished with your
selections, hit the ‘Finished
removing lateral’ button.

/ _JFinished removing lateral

P
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Correct and Incorrect way of Isolating Two Lateral
Roots

Correct way Incorrect way

The top-left image shows the correct way to isolate two lateral roots from cortical regions.
Since the background is eliminated during cross-section calculation it does not matter where
you draw outside cross-section images (i.e. the regions enclosed by C). The only thing that

matters during this step is where you place your vertices in the cross-section.

The top-right image shows the incorrect way to isolate two lateral roots from cortical
regions. Region A and B are correct since the area enclosed by the polygon (excluding the
background of coarse) constitute lateral root area. Region C is included in the lateral root
area calculation, however, this region either belongs to the stele or extra-stele region.
Therefore, drawing the interactive polygon in such a way would introduce measurement error
in subsequent steps.

It is essential to correctly eliminate lateral roots from cortical regions
so they do not compromise the quality of data derived from
subsequent steps.
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Correct and Incorrect Way of Isolating Three Lateral
Roots

Correct way

The first image shows the
correct way to isolate three
lateral roots resulting in the
correct lateral area
estimation. Simply trace a
path similar to that of
images with 2 lateral roots.
Once vertices are placed forg
two laterals they must
transverse the background
area in the opposite
direction to isolate the third
and final lateral region. The
correct result is shown to
the right.

Correct way of
drawing vertices

Correct Result

Incorrect way

The first image shows the
incorrect way to isolate
three laterals resulting in
the total elimination of
cross-section. Areas within
the interactive polygon will
be eliminated. If the
polygon is drawn to include,
rather than exclude, those
lateral root regions are
passed to the subsequent
steps, thus making the rest
of the analysis wrong. The
incorrect result is shown to
the right.

Incorrect way of Incorrect Result
drawing vertices

RootScan 2012
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Stele segmentation step

Rootscan has an automatic stele segmentation step built in to reduce the amount of user
interaction during this step. Once the automatic stele detection algorithm is completed you
have the opportunity to correct the results. The image to the right shows the initial interactive
blue polygon on the initial stele perimeter as define by RootScan. You can make adjustments
to this interactive polygon as you see fit.

Usually the automated stele detection algorithm yields good results, so no adjustments are
needed. However if the stele border is not correctly defined, you can adjust it by dragging
the vertices of the blue polygon to the correct border in those areas where the border is not
accurate. Below is an image needing corrections to the stele/cortex perimeter The stele
perimeter in the bottom-left image is in error (see red arrows) and needs correction. Correct
these vertices by dragging them to the proper locations (see bottom-right image).

Before

i (8 Finished cropping section

E(i Finished removing lateral

Once you have finished with your i
selections, hit the ‘Finished T Finished segmenting stele
segmenting stele’ button.

i __Finished with aeren selection

i OFinished with meta xv

i DFinished with proto xv
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Lacunae Selection Process

Rootscan has an automatic aerenchyma detection algorithm built into it. The aerenchyma
lacunae detection algorithm works by selecting objects based on their location and size
relative to other cortical areas. Misclassified areas can be selected or deselected

using the cursor.

In the bottom-left image, objects colored green were not identified as aerenchyma lacunae by
RootScan, and were selected manually. Also, any objects misclassified as lacunae may also
be deselected at this time. The result from the lacunae selection/deselection process are
shown in the bottom-right image.

Note: The green lacunae in top-left image are not given this
highlighted color in the Rootscan GUIL. This is just for
illustration.

Press the ‘Finished with aeren selection’
radio button when you are finished with lacunae
selections.

: _JFinished with aeren selection
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MetaXylem Vessel Selection Process

Rootscan has a automatic metaxylem vessel (meta XV) detection algorithm built into it.
The automatic metaxylem vessel detection algorithm in RootScan is based on the size of
objects in the stele. In the example to the left, RootScan has correctly highlighted the larger
metaxylem vessels (yellow) but has missed several small ones (green). The undetected or
misclassified areas can be corrected by clicking on the object to select or deselect. The
result from the meta XV selection/deselection process are shown in the bottom-right image.

Note: The green meta XV left image are not given this
highlighted color in the Rootscan GUIL. This is just for
illustration.

Press the ‘Finished with meta xv’ radio button HC
when you are finished with meta XV selections. :

_IFinished with meta xv
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ProtoXylem Detection and Selection Process

Rootscan has a automatic protoxylem vessel (XV) detection algorithm built into it that is
dependent on the meta XV selection step. The algorithm is based on relative size and
location. Many of the proto XV areas are detected but some areas are misclassified as
proto XV since these regions often have lower image contrast. The undetected or
misclassified areas need user attention. In the example to the left, RootScan has correctly
highlighted the larger proto XV (dark orange) but has missed several small ones (blue). The
result from the proto XV selection/deselection process are shown in the bottom-right image.

v
"
.I
-
V-
%
4

il

Note: The blue proto XV in top-left image are not given this highlighted
color in the Rootscan GUL. This is just for illustration.

Press the ‘Finished with proto xv’ 8
radio button when you are finished with i
proto XV selections.
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Image Quality and User Comments

Once you completed all steps you can reanalyze any part of the analysis or rate and make
comments on your image.

Progress
Phase 3: Remaining e
.
—
.
.
Total Directory
I (o
.
.

e Analysis <.
.

Skip Image | |®

.

Cumulative Analysis Results

Image Information
Name: 190HighA it
ROFC:B

4 - Good Image Quality (can use all data)

4 .
_ Finished |3

Image Information :
! Name: 190HighA.tif Select Rate Image dropdown bar

e give your image a numerical image
: ' quality rating.
‘Rate Image -

H
+ [User Comments
.

_____________________________________________________________________ , Select one of five image quality
indices.

Rate Image
1 - Very Poor Image Quality (do not use data)
2 - Fair Image Quality (can use some data)

3 - Average Image Quality (can use most data)
4 - Good Image Quality (can use all data)

5 = Excellent Image Quality (Poster Image)
‘Rate Image 3

E User Comments -
—  Finished

Type your comments in this box.
These comments will be printed to
file as seen.

: Image Information

! Name: 190HighA.tif
! RCFC:8

: Select the Finished button when
= CCC: 816

. _- completed with all steps and quality
4 - Good Image Quality (can use al dosef™ = / ratings for each image.

E very good image. use all data / = /
: —| _Finished
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Data Files Contained in an Image Directory

Image Files

Image Output Files

Once an image is completely analyzed, the reference image, highlighted cross-section
image and radial cell file image are written to a subdirectory called 'Image_Output'.

Reference Highlighted Radial Cell
Image Image File Image

Raw RGB Images (not shown)

Prior to starting an analysis on a particular
image directory, RootScan checks all
images to verify that they are grayscale
images. If the images are RGB images,
RootScan defines a subdirectory called
'RAW', places all RGB image in that
directory and converts all RGB images
found in the parent directory to grayscale.

Cross-section Binary Images

This subdirectory contains all cross-
section binary images produced in
Phase 2.

.
-

Temporary Images (not shown)

This subdirectory contains temporary
images and matrix files that are loaded
and updated during different steps of
RootScan.

Phase 1 Cross-section Images

This subdirectory contains all truncated cross-,

section images produced in Phase 1.

HEEHEBB

: 132HighA.ti
: 132HighE.tif
4 132HighC.tif

.
: 135HighEB.tif

: 135HighC.tif

: 136HighC.tif

: 136HighD.tif

: 137HighAtif

: 130HighAtif :
1 [ AUTOMATED_SETTINGS.mat &
* [ cALIB.MAT. mar :
T H cow_THICK mat

¥ HH CELLFILE_STATS.mat

s [ DATA_MAT. mar

mage_Cutput
S

TEMP
H_section_binary
¥_section_segmants
leonnected 2Border. tif

135HighA.tif D e ememeeeeeeemeseme—eenenenenenens

* HHINTERVAL_MAT.mat O i 3

E [ threshMethod. mat i Original Cross-

* [ TIME_EFF.mar

frvrerreresnmneeeed 8€CtHON IMage

Solid cross- Cross-section

section image

Cross-section
buffer Image Image
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Data Files Contained in an Image Directory, Continued

Data Output File

When a directory is completed, the data text file is saved in the subdirectory called 'DATA'" in
the current parent image directory. This is an ASCII file in 'tab' delimited format.

Filenamne Calib WaluesThreshold Methaod HECWA CmmA2) RXSA Cmma2) RXS_DIAMETER Cmm) CCWA (mmAZ) TCA |
132HighA. tif Image Cal Walue = 773 - Threshold Method = 2 0.331Z214 0.715710 0.3958697 0.232151 0.55:
132HighE. tif Image Cal Walue = 773 - Threshold Method = 2 0.348273 0.669618 0.927226 0.235944 0.50¢
132HighC. tif Image Cal Walue = 773 - Threshold Method = 2 0.338932 0.712736 0.956459 0.241704 0.54¢
135HighA. tif Image Cal Walue = 773 - Threshold Method = 2 0.419321 0.794515 1.008563 0.239252 0.55¢
13EHighE. tif Image Cal Value = 773 - Threshold Method = 2 0.389195 0,798011 1.010528 0.228226 0,562
13EHighC. tif Image Cal Value = 773 - Threshold Method = 2 0.387799 0.,300870 1.017338 0,223820 0,56k
136HighC.tif Inage Cal Value = 773 - Threshold Method = 2 0.559072  1.088133  1.168690  0.364126  0.80:
136HighD. tif Image Cal Value = 773 - Threshold Method = 2 0.4928859 1.037900 1.153377 0.30943%¢ 0.78:
137HighA. tif Image Cal Value = 773 - Threshold Method = 2 0.408070 0.774164 0.996197 0.277659 0.58¢
190H ghA Lt f Image Cal Value = 773 - Threshold Method = 2 0.383370 0.750401 0.982618 0.225420 0.511
lconnectedZBorder. tif Image Cal Walue = 773 - Threshold Method = 2 0.425750 0.831305 1.033179 0.250223
Matlab Matrix Files N
" : , , : f N DATA
In addition to raw image files, the parent image directory i@ () Image_Output
also contains Matlab matrix files (.mat files). These files fE ) RAW
are used exclusively used during the RootScan batch i@ () TEMP
processing mode. Two .mat files are augmented during i-sect!on_bmarv
the batch processing mode. L) Rosection_segments
P 9 : loonnected 2Bordertif
4l 132HighAtif
H 132HighB.tif
Automated RootScan 132HighC.tif
Settings (see page 5) EH AUTOMATED _SETTINGS.mat \ 135HighA,tif
135HighB.tif
o o i [ 135HighC.nif
Calibration and Precision [ CALIB_MAT mat 136HighC.tif
Settings (see pages 3-4) : 136HighD.tif
: 137HighA.tif
, i\ 190HighA.tif
Cortex Cell Wall Thickness FH cow_THICK. mar — : AUTOMATED _SETTINGS. mat
Data Matrix PN CALIB_MAT.mat
7 cow_THICK.mat
- | DATA_MAT . mat
Global ?I)32aga4Matrlx (see EH DATA MAT.mat ——1 INTERV AL MAT mat
pages 32-34) : thrashhathod. mat

TIME_EFF.mat :
Cortex Interval Settings (see EH INTERV AL_MAT. mat / --------------
pages 6-8)

Image Threshold Settings FH threshMethod.mat
(see page 9)
Time Efficiency Data Matrix

(see page 37) EH TIME_EFF.mat
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Data Columns

Column | Variable Name Description Metric
Units
1/A Filename Name of image file N/A
2/B Calibration Value — | Ratio used to convert pixel distance to metric | pixels/mm
Threshold Method distance — image binary conversion method
3/C Root cross-section Total area of all cell wall rrmz
cell wall area
4/D Root cross-section Total area of all cross-section rrmZ
area
5/E Mean root cross- Mean cross-section diameter that considers
section diameter root cross-section asymmetry. mm
6/F Cortical cell wall Total area of cortical cell wall 2
area mm
71G Total cortical area Total area of cortical region nmz
8/H Mean cortical Mean radial distance between the inner and
thickness out cortical boundaries mm
9/l Stele cell wall area Total area of stele cell wall mm?
10/J Total stele area Total area of stele region mm2
11/K Mean stele diameter | Mean stele diameter that considers root
cross-section asymmetry mm
12/L #Lacunae Total number of aerenchyma objects in
cortical region Count
13/M Median lacunae Media area of all lacunae objects n,mz
area
14/N Std. Dev. Of lacunae | Standard deviation in area for all lacunae mmz
area objects
15/0 Smallest lacunae Smallest aerenchyma object mm2
16/P Largest lacunae Largest aerenchyma object n~m2
17/Q Total aerenchyma Summation of all lacunae object areas. n,mz
area
18/R Cortical cell count Total number of non-aerenchyma objects
minus noise Count
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19/SS Cortical cell area Total area of all non-aerenchyma objects 9
minus noise mm
20/T Radial cell file count Total number of radial cortical growth rings
Count
21/U # Metaxylem vessels | Total number of metaxylem vessels in stele
Count
22V Median metaxylem Median area of all metaxylem vessel objects 9
vessel area mm
23/W Std. dev.of Standard deviation of all metaxylem vessel 2
metaxylem vessel object areas mm
area
24/X Smallest metaxylem Smallest metaxylem vessel object area mmz
vessel area
251Y Largest metaxylem Largest metaxylem vessel object area mm2
vessel area
26/Z Median metaxylem Median diameter of all metaxylem vessel mm
vessel diameter objects
27/AA Std. dev. of Standard deviation of all metaxylem vessel
metaxylem vessel diameters. mm
diameter
28/AB Smallest metaxylem Smallest diameter of all metaxylem vessel mm
diameter objects
29/AC Largest metaxylem Largest diameter of all metaxylem vessel mm
diameter objects
30/AD Total metaxylem area Sum of all metaxylem object areas mmz
31/AE Water conductance Water flux parameter (metaxylem vessels) 4
of metaxylem m
32/AF # Protoxylem vessel | Total number of protoxylem vessels in stele
region count
33/AG Median protoxylem Median area of all protoxylem vessel mmz
vessel area objects
34/AH Std. dev. of Standard deviation in area for all protoxylem 9
protoxylem vessel objects mm
area
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35/Al Smallest protoxylem Smallest protoxlyem vessel object area 2
vessel area mm
36/AJ Largest protoxylem Largest protoxylem vessel object area 2
vessel mm
37/AK Median protoxylem Median diameter of all protoxylem vessel
vessel diameter objects mm
38/AL Std. dev. Of Standard deviation in diameters for all
protox_ylem vessel protoxylem vessel objects mm
diameter
39/AM Smallest protoxylem Smallest protoxylem vessel object by
vessel diameter diameter mm
40/AN Largest protoxylem Largest protoxylem vessel object by mm
diameter diameter
41/AO Total protoxylem Sum of all protoxylem object areas mmz
area
42/AP Water conductance Water flux parameter (protoxylem vessels) m4
(proto xylem)
43/AQ Lateral area Total area of all lateral root regions mm2
44/AR Median cortex cell Median of all cortex cell wall thickness
wall thickness segments excluding all noise mm
45/AS Std. dev. In cortex Variation in the cortical cell wall thickness
cell wall thickness excluding all noise mm
46/AT Cortex cell wall Range in cortical cell wall thicknesses mm
thickness range excluding all noise
47/AU Median cell size Median cortical cell size between radial
....N/JAK (bin #)) distance bounds for bin # j
Where k mm’
is the #
of bins
47+k/Ak Image rating The integer rating users give images based
on their overall image and data quality.
Integer
47+ User comments User types their custom comments
(k+1)/A(k String
+1)
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Opening Data Files in Microsoft Excel

Open RootScan data file in Microsoft Excel by selecting
'Data : Get External Data : Import Text File..." in the T rrpry——

=000 1 Sort.. orkbaokl
>

Excel main menu bar. =—c—w—cf & Eem i i

Subtotals...
Validation...

Table.
Text to Columns...
Consolidate...

Group and Outline >

PivotTable Report...

EEETTETIE fon Soved Query..

New Database Query.

Import Text File..

Import from FileMaker Pro...
Import from FileMaker Server.

Data |mport Step 1

Text Import Wizard - Step 1073

Make sure you choose
the delimited option

The Text Wizard has determined that your data is Delimited.

If this is correct, choose Next, or choose the Data Type that best describes your data.
Original dara type

Choose the file type that best describes your data:
2 @ oelimited - Characters such as commas or tabs separate each fild.

O Fixed width - Fields are aligned in columns with spaces between each field

Startimport at row: |1

File origin: [ Macintosh )

Data preview

Preview of e Bean Rice Scan:Users:michaehwiliams:L

ATA_OUTPUT.high.txt.
CaTD Value Tirestold Vetad XscW oty RISk (o) A 00
Trage Cal Value = 773 - Threshol

£1F Inage Cal Value
6 Inge Cal Value
£if Inage Cal Value it
S1f Inage Cal Value - 773 - Thresnold Method - 2 0.389195 0.

Cancel ) (< Back (Finish )

Data lmport Step 2

Text Import Wizard - Step 2 of 3

This screen lets you set the delimiters your data contains. You can see how your text s
affected in the preview below.

Delimiters () Treat consecutive delimiters as one
™ Tab [ Semicolon  [] Comma Textqualifier: [~ %)

O space O omer [

Data import Step 3

Texl Impnrt leani Slep-;off! M a ke S u re yo u
This screen et you slect each coumn and _ Column data format : Choose th e tab

set the Data Format.

Data preview

© General . . . re Tl VoTue Threshold Wethad FraNce]
e e 0 romses, O Tt delimiter option ol et - | -3l
date uales o dates, and all remaining values = . ne it | Tome cal Threshold liethed - 2| 8.338532
0 Tt Date: (MDY |5 .tif | Inage Cal Threshold Method = Z | @. e

("Advanced... ) O Do not import column (skip)

Cancel ) ("< Back ) Finish )

Data preview

Click finished
when done

T Fenerat
REAR R reoy mm
cal atue =773 "= arastold vetnod

cal vl

et
cal
cal

Threshold Method

((Cancel ) (“<Back ) ( Next>

RootScan data shown in Microsoft Excel

- Yale) . Workbook1 ]
| snees | chans | smamarGraphics | wordan | .
] c D E F G H ] :

nﬁename Callb Value/Threshald Method XSCWA (Mm~2) | RXSA (mm~2) RXS_DIAMETER {mm) CCWA (mm~2) TCA (MmA2} | Cortex Thickness (mm) SCWA ( mm"z) TSA (mm~2) u
132Higha.tif Image Cal Value = 773 - Threshold Methad 0.331214! 0.71571 0.958597 0232151  0.5536431 0.293562 0.0950 0.162231%
3 132HignB.¢if Image Cal Value = 773 - Threshold Methad 0.348273) 0.669618 0.927226 0.236344  0.504626, 0.279525 0‘111329 0165167 8
4_|132HighC.uif Image Cal Velue = 773 - Threshold Methad 0.338932! 0.712736 0.956459 0.241704  0.545798! 0.292496 0097237 0.163111%
5| 135HighA.tif Image Cal Value = 773 - Threshold Methad 0.419341 0.794515 1.008563 0.246819  0.5662491 0.267016 0172521 0.228495%
6 |135HignB.uf Image Cal Value = 773 - Threshald Mathod 0.389195] 0.798011 1.010528 0.226226 0.56312} 0 0.162969  0.235087 %
7 |135HighC.uif Image Cal Value = 773 - Threshold Methad 0.387799! 0.80087 1.017338 022382 0. ssﬁuszl 0.296028 0163979 0.235029 %
8 |136HignC.uif Image Cal Value = 773 - Threshold Methad 11 1.068133 1.16869 0 0 0 0l
9 _|136HighD.uif Image Cal Velue = 773 - Threshold Methad 0.432889 ] 1.0379 1.153377 0.309496 0. 73205: 0.32831 0183383 0.256061 8
10 |137HighA.tf Image Cal Value = 773 - Threshold Methad 0.40807) 0.774164 0896197 0277650 0.589776! 0 0130411 0.184581%
11 |190HignA.tif Image Cal Value = 773 - Threshald Mathod 0.38337 0.750401 0982618 022542  0.511295) 0.304908 015785  0.239361=
12 |1connected: Value = 773 - Threshold Methad 042575 0.831305 1.03317% 0.290223  0.648183 0.292773 0.135527  0.183323 %
= | | :
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Opening Data Files in OpenOffice Spreadsheet

¥ & " OpenOfficeorg  File - Edit view WGFTY Format Tools Data Window Help

Manual Break » | Example.ods - OpenOffis

. fuBremple.ods =Openfy

H= @ Ba® ve y Cb- By #OBE
Rows -

& [Aial DR Columns L% $X %0 o
Sheet...

Sheet From File...

Link to External Data...

Special Character...

Open RootScan data file in OpenOffice spreadsheet by oo

Function List

selecting 'Insert:Sheet From File..." in the OpenOffice
main menu bar.

Names >
Comment

Picture »
Movie and Sound ————=
Object » :
Chart... .
Floating Frame :

EIDEIR « TN

FAVORITES B 2_17_12.f...news2.mp3

v | [ & DATA s Q

Filenane Calib Value/Threshold Method  XSCWA (un'2)  RXSA ('2)  RXS_DIAYETER (mm cou
1M 911 - pilo...truth.mp4. (wAz)  TCA (mnt2) Cortex Thickness (nm)  SCHA <§m>’ TSh (:mz)> stele Dmmetes &m) e -
BGR - 2-2...PDATE.mp3 Hedian Lac rea (w'2) Lac érea Stondard Deviation (wr2)  Swallest Lao Ares (uw2) Largest. Lac
Area (w'2) kb (we2) Cortex Cell Count Cortical Cell drea  Cell Files  Mumber of Meta-
Nylen Vesszls  Medion Neta-ylen Aren (nA2) Meta-Xylen Vessel Avea Standard Deviation (ih2) Meto-

Xylen VesseL Area (low) (mw2) Metoxylen vessel area (high) (e2)  Meto-ttedion Xylen Vessel Dioneter (un)

= Heta-xylen Yessel Dianeter Standard Deviation (i) Meta-tylen Vessel Dimneter (low) (m) Meta-tiylen
T fulltext.paf Vessel Dimeter (high) (n)  MetaxVh (2 uater conductance (Heta-xylen vessel radiisd) (w)
MIT-thermo-2.mp4 Munber of Proto-iylen Vessels  Median Proto-Xylen Area (wr2) Profa-Xylen Vessel Area Standard Deviation
. . =t B (m*2)  Proto-xylem Vessel Area (low) (m'2)  Proto-iylen Vessel Area (high) (n'2) Proto-Median kylem
| t f | f [l Movies I ofiv Vessel Dianeter (mm)  Proto-tylem Vessel Dicmeter Standard Deviation (mm)  Proto-Xylem Vessel Diameter
electing file Trom an P | fomsenuanal
T rootscan...n 2012).0dp Name DATA_OUTPUT.high.txt

. (@) Pictures
example directory. B s D001
:

[ ROOTSCA....1.2012.2ip

aks
03/01/12

& ibisk Screen Sho....50.35 PM cdied 03001112
MEDIA [ tempFolder ) ast opene :
13 Music 1 Things to...Manual.odt
- I videoplayback-1iv H
.
File type: | All files (-.%) g .

| New Folder | | cancel | [ oOpen

grreressssssssaees esssssmmmssEmnnn

Text Import - [DATA_OUTPUT.high.txt]

import

oo SRS Text importation options allow the user to specify the

character type and text separator options for the
spreadsheet layout. Make sure the text separator

Separator options

Fixed width

@ separated by

foo== o= options are set to the 'tab' separator.

Quoted field as text

Detect special numbers

felds

. Insert Sheet

Column type

Position

PR o '\ Select the Ok when
finished with

Standard s
T b

wootvms [ 10 selections
Name Sheetd
(@) From file

Link

RootScan data shown in OpenOffice spreadsheet

e no Example.ods - Or-mnoiﬁ(e-m’g Calc
& B- @BUN by BS Q @ _ [Fnd BRI

Jo% LW 4 O-82-A-

]
b4
)
)

10 v

>
=4
4

Jx £ = Filename

A B c D E F G H | J K

1 Value/Threshold Method XSCWA(mm*2)  RXSA(mm*2) | RXS _DIAMETER (mm) | CCWA(mm"2) TCA(mm*2)  Corlex Thickness (nm) SCWA(mm*"2) | TSA(mm"2) | Stele Diameter (mm)
2 2Hig! Image Cal Value = 773 - Threshold Method = 2 0331214 0.715710 0.958897 0232151 0.553643 0293562 0.089063 0162231 0.455950

3 132HighB tif Image Cal Value = 773 - Threshold Method = 2 0.348273 0.669618 0.927226 0236944 0.504626 0.279525 0.111329 0165167 0458014

4 132HighC.tif Image Cal Value = 773 - Threshold Method = 2 0.338932 0.712736 0.956459 0241704 0549738 0.294436 0.087227 0163111 0456722

5 135HighaA tif Image Cal Value = 773 - Threshold Method = 2 0419321 0.794515 1.008563 0239252 0.556109 0.285508 0.180069 0.238629 0562491

6 | 135HighB.tif Image Cal Value = 773 - Threshold Method = 2 0.380195 0.798011 1.010528 0.226226 0.563120 0.275586 0.182969 0.235087 0.548292

7 135HighC.tif Image Cal Value = 773 - Threshold Method = 2 0.387799 0.800870 1.017338 0.223820 0.566052 0.296028 0.183979 0.235029 0.548179

8 138HighC.tif Image Cal Value = 773 - Threshoid Method = 2 0.559072 1.068133 1.168680 0.364126 0.803511 0.338705 0.184846 0.264851 0.584087

9 136HghD.tf Image Cal Value = 773 - Threshoid Method =2 0452889 1.037900 1.153377 0309436 0782050 0.328310 0183383 03256061 | 0574350
10 |137HighA tif Image Cal Value = 773 - Threshold Method = 2 0.408070 0.774164 0.996197 0277659 0.589776 0295929 0.130411 0184581 0.485442
11 |190HighA tif Image Cal Value = 773 - Threshold Method = 2 0.383370 0.750401 0982818 0225420 0.5112856 0.304908 0.157950 0238361 0.580553
12 1connectedZBorder tif Image Cal Value = 773 - Threshold Method = 2 0.425750 0.831305 1.033178 0200223 0.648183 0292773 0.135527 0183323 0483767
13
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RunTime Statistics

During your batch analysis session RootScan measures another important series of data
points, namely runtime statistics. For each Phase, RootScan monitors the time required to
analyze the steps contained within those phases for every image. These statistics can be used
to project the time required for a typical directory. Once you have finished analyzing an image
directory you can view the runtime statistics for that directory within the main RootScan window
or view the data file externally in another program.

To view all runtime statistics within the main RootScan window, select the RunTime Statistics
option under the Batch Analysis menubar item. You will be prompted to select the completed
directory for which the runtime statistics are computed. The Runtime statistics module is shown
below with all its features.

Normal distribution functions showing the
general runtime template for the three
phases in your directory.

Dropdown menu
URiintima Statistics Changes ple Chart

Djffribution of Runtime: ase
0.s
‘ ‘ ‘ ‘ N — data.
Phase Il
- —Fhase Ill
Z 03 —
= 02 —
0.1 -
‘

Time () Runtime Breakdown: Interactive Steps &~/

Stele: 3%

RXSA vs. Phase || N -

Phase Il Runtime vs. RXSA R_value:0,89561

Runtime Projections for a Typical Image
Best Case Worst Case

7 Phase | 2(s) 4(s)

ok
[
£l | |Phasen  se(s) 78(s)
Phaselll  15(s) 20(s)
60f- 4
Total 73(s) 102 (s)
- | | | | | I
1 12 14 6 16 2 2z 24 26
RXS# (pixels) :
%10

Scatter plot showing Time spent on
Phase Il (i.e. image binarization) for Runtime projections
all images. for typical images.

Dropdown menu changes
scatter plot data.

RootScan 2012 p. 36



	Cover
	About RootScan
	Contents (page 1)
	Contents (page 2)
	Open and Run RootScan
	Main RootScan Window with Menubar Items
	Section I: Changing Settings and Parameters
	Data Precision and Pixel Calibration Settings
	Setting Pixel Calibration Value Directly In RootScan
	Analysis Automation
	Cortex Interval Settings
	Cortex Interval Settings: custom settings
	Cortex Interval Settings: entering custom intervals
	Localized Image Thresholding
	Image Background Color Settings
	Image Display Color Settings: GUI window
	Image Display Color Settings: Adjusting Reference Image Colors
	Image Display Color Settings: adjusting perimeter dilation
	Section II: Analyzing Cross-Section Images In RootScan
	Batch Analysis Checklist
	Opening Files and Directories
	GUI Display
	Reference Image Options
	Overview of Rootscan Analysis Phases
	Phase I Overview
	Cross-section Segmentation
	Cross-section Segmentation: Protruding Laterals
	Phase II Overview
	Phase III Overview
	Lateral Isolation
	Isolating Two Laterals
	Isolating Three Laterals
	Stele Segmentation
	Lacunae Selection Process
	Meta Xylem Vessel Detection and Selection Process
	Proto Xylem Vessel Detection and Selection Process
	Slide 37
	The RootScan Image Directory Contents
	Types of Data Files
	Types of Data Files: text files and matlab files
	The RootScan Data File Overview
	Data Columns I
	Data Columns II
	Data Column III
	Opening Data Files: Microsoft Excel
	Opening Data Files: OpenOffice Spreadsheet
	Additional Variables Analyzed
	Slide 48

