Installation

1. Install KNIME Analytics Platform (from thumb drive)
2. Help > Install New Software > Add (> Archive):
— 00_InstallationFiles/CommunityContributions_trunk.zip
— https://update.knime.org/community-contributions/trunk
3. Available Software Sites:
— Enable KNIME AP 3.5 Update Site
— Enable KNIME Community Contributions (trunk)
4. Select KNIME Community Contributions (trunk)

5. |Install KNIME Image Processing and KNIME Image Processing
- OMERQO Integration

Open for Innovation  ®
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Learning goals

 How to get around KNIME Analytics Platform (AP)
* How to get your images from OMERO into KNIME AP
 How to extract quantitative data from your images

* How to use analytics and visualization functionality
in KNIME AP

E Open for Innovation @



What is KNIME Analytics Platform?

e Atool for data analysis, manipulation, visualization,
and reporting

* Based on the graphical programming paradigm

* Provides a diverse array of extensions:
— Text Mining
— Network Mining
— Cheminformatics
— Image Informatics
— Many integrations, such as Java, R, Python, Weka, etc.

Open for Innovation @
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The KNIME® Analytics Platform

KNIME Analytics Platform
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Over 2000 native and embedded nodes included:

Data Access Transformation Analysis & Mining Visualization Deployment
MySQl, Oracle, ... Row, Statistics R via BIRT

SAS, SPSS, ... Column Data Mining JFreeChart PMML

Excel, Flat, ... Matrix Machine Learning JavaScript XML, JSON

Hive, Impala, ... Text, Image Web Analytics Community / 3rd Databases

XML, JSON, PMML Time Series Text Mining Excel, Flat, etc.
Text, Doc, Image, ... Java Network Analysis Text, Doc, Image
Web Crawlers Python Social Media Analysis Industry Specific
Industry Specific Community / 3rd R, Weka, Python Community / 3rd
Community / 3rd Community / 3rd

Open for Innovation ®
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The KNIME Workbench

KNIME Analytics Platform - /Users/rb/knime-workspace

Ju AR RFE ‘@i t0ox @ § o AR BE=R OEHZ L il

4 KNIME Explorer 53 = B /A 0:04. Data Mining - solution 53 A Node Description 52 = B8
& & . .
B8 &3 Evaluate the quality of a model with the Scorer node. .
» £ EXAMPLES (knime-guest@http: What was the overall accuracy of your model? Partitioning
v “A_lLOCAL (Local Workspace! Optional: Evaluate Receiver Operation Characteristics with the ROC Curve node.
» [ BigData Training . . . . )
v KNIMEUserTraining The input table is split into two partitions (i.e. row-
>‘Ddata wise), e.g. train and test data. The two partitions are
» " exercises available at the two output ports. The following
¥ " soluti options are available in the dialog:
£ 01. Importing Data - st . .
A\ 02. Data Manipulation Dialog Options
A\ 03. Visualization - solu Absolute
/% 04. Data Mining - solul Decision Specify the absolute number of rows in the first
A5 05. Flow V?riables -sc Tree Leamer partition. If there are less rows than specified here,
A 06. Exporting Data - s¢ Paw all rows are entered into the first table, while the
second table contains no rows.
£ Workflow Coach 2 B} = O / i \ Decision Tree
Fully Joined Data [Partitioning (88 | Predictor JavaScript Relative
Recommended Node: C >7 ROC Curve at
Decision Tree Predictor e The percentage of the number of rows in the input
Decision Tree Learner ’7 h \ table that are in the first partition. It must be
iblNaive Bayes Predictor o L4 \ [oe | between 0 and 100, inclusively.
PIAlNaive Bayes Learner \ Node 278
1P* Regression Predictor m top
This mode puts the top-most rows into the first
£ Node Repository = B8 output table and the remainder in the second
R ~ table.
>0 Linear
> ."Manipulalion -
» Q Views
.: Analytics 5= outline 8 = B & console 3
» & Database i 1 KNIME Console
» %%, Other Data Types [ a.=1
» ¢> Structured Data s . i Welcome to the KNIME Analytics Platform v3.3.1.v201612192115
» (= Scripting | ] b Copyright by KNIME GmbH, Konstanz, Germany
:QTool Inte;';railor; | 1 Log file is located at: /Users/rb/knime-workspace/.metadata/knime/knime.1
A Community Nodes | S— WARN LicenseStore License for 'KNIME Spark Executor’
> ’gKNIME Labs saw WARN LicenseStore License for 'KNIME Big Data Connect
| sa7Moterzm |
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Creating New Workflows, Importing and Exporting

* Right-click anywhere in KNIME Explorer to create a new
workflow or workflow group or to import a workflow

* Right-click on workflow or workflow group to export the
selected workflow

» £~ EXAMPLES (knime-guest@http://public [ ] [ ] Export
CXeN ) Import > aigoata rami 43 New KNIME Workflow... Export KNIME workflow(s) -p
Workflow Import Selection <= ¥ "]KNIMEUSerTra [ New Workflow Group... Exports KNIME workflows.

» [ data
v[Texercises 43 Import KNIME Workflow...

Source: A01.1mp “ Export KNIME Workflow...
ros: A 02.Dat Select workflow(s) to export: LOCAL:/user_training Select...
Ao03.visu 8 Delete...

Select the items to import.

O File: I T ingCours _ Browse..
4 04.0ats A Rename... Destination workflow file name (.knar): /Users/rbjuser_training.knar  Browse...
~ Select root directory: A\ 05. Flow -
Aos.ex [ Configure...
P ﬁg; :’:" Execute... Options
. Advi
Cancel execution
- A 09. Mod Exclude data from export.
Select folder: | LOCAL:/ Browse.. A10.0a¢ 0 Reset
A 11, Integ . .
Import Elements: A 12.Depl ¢ QuickForm Execution... > Ddg(,
edicti¢ . % >
Select A > P;I:trions Workflow Credentials... @ > [TJworkflows
» “supplemen  Workflow Variables...
Deselect Final Workf
- B Edit Meta Information... Select All | | Deselect all
£ Node Repository & Refresh
» &0 Copy Location >
> :xmlaulllicn # Cut 98X
Cancel > lews C
. ] Copy #C
» @ Analytics
» & Database Paste £ Cancel
» B, Other Data Types Y
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Exercise 00 — Importing the Exercises

e File > Import KNIME Workflow > Browse
— 01_KNIME-OMERO/OME-UGM-2018.knar

Open for Innovation @
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Visual KNIME Workflows

NODES perform tasks on data

Not Configured LS8

Partitioning Configured 000

Inputs —» 0 : Outputs Executed o8 |
o | Status Error o

Nodes are combined to create
WORKFLOWS Random forest o

»
itionil - n‘ 4 —’B
File Reader Color Manager Partitioning . ) Random Forest

— = oW Predictor S [IW
SR p———_train model :l‘ / calculate
e o fan) T accuracy

read data assign colors s%Ig.ggta JavaScript (00 |
: . BarChart apply model "\ Scatter Plot
-" (00 | oos
(o0 | plot data summary plot classifications
compute attribute
statistics
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More on Nodes...

A node can have 3 states:

File Reader Not Configured:
u The node is not yet configured and cannot
— be executed with its current settings.
File Reader Configured:
u The node has been set up correctly,
— and may be executed at any time
File Reader Executed:
u» The node has been successfully executed. Results
oe may be viewed and used in downstream nodes.

Open for Innovation @
© 2018 KNIME AG. All rights reserved. KN I M E




Inserting and Connecting Nodes

* Insert nodes into workspace by dragging them from the Node Repository
or by double-clicking in the Node Repository

* Connect nodes by left-clicking output port of Node A and dragging the
cursor to (matching) input port of Node B

*  Common port types: JavaScript Integer Input

Database Table
Database Connector Selector

o s

Open for Innovation  ®
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Node Configuration

* Most nodes require configuration

e To access a node configuration WindOW: " e e ssessen senre

Enter ASCII data file location: (press 'Enter to update preview)
knime://knime.workflow/../../data/iris.csv < Browse... g

e Double-click the node

Preserve user settings for new location Rescan

Basic Settings
read row IDs Column delimiter: , ¢ Advanced...
read column headers ignore spaces and tabs

Java-style Single line

* Right-click > Configure e

Click column header to change column properties (* = name/type user settings)

RowID | D Sepal... D Sepal.. D Petal.. D Petal... § Species

| B 5.1 3.5 14 0.2 setosa
2 4.9 3 1.4 0.2 setosa
3 4.7 3.2 1.3 0.2 setosa
4 4.6 3.1 1.5 0.2 setosa
5 5 3.6 1.4 0.2 setosa
6 5.4 3.9 1.7 0.4 setosa
7 4.6 3.4 1.4 0.3 setosa
8 5 3.4 1.5 0.2 setosa
9 4.4 2.9 1.4 0.2 setosa
10 49 3.1 1.5 0.1 setosa
11 5.4 3.7 1.5 0.2 setosa
12 4.8 34 1.6 0.2 setosa
13 4.8 3 1.4 0.1 setosa
14 4.3 3 11 0.1 setosa
15 5.8 4 1.2 0.2 setosa
16 5.7 4.4 15 0.4 setosa
| §¥Y 5.4 3.9 1.3 0.4 setosa
18 5.1 3.5 1.4 0.3 setosa

oK Apply Cancel

Open for Innovation  ®
© 2018 KNIME AG. All rights reserved. KN I M E



Node Execution

File Reader
* Right-click node E ‘ ,
) & Confiaure... Fé
- © Execute F7

 Select Execute in context menu B Execute and Open Views oF10

Cancel F9
B Reset F8

* |f execution is successful, status A —— .

=l New Workflow Annotation

S h OWS g reen I Ig ht Collapse into Metanode

[B] Encapsulate into Wrapped Metanode

e |f execution encounters errors, Show Flow Variable Ports

status shows red light o Cut
Copy
| Paste
<J Undo
> Redo
¥ Delete

BR File Table
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Node Outputs and Views

e Right-click executed node

e Select View option in context menu

OR

* Select output port (last item) to inspect execution results

F [E) Configure...
_ 1

&S E) Configure... F6
. Execute i . Execute F7
Execute and Open Views 1rF10 B) Execute and Open Views {F10
Cancel Fo 9
) Cancel F9
JavaScript B Reset F8 B Reset F8
Scatter Plot = Edit Node Description... \r2 = Edit Node Description... X r2
=0l New Workflow Annotation =0 New Workflow Annotation
Collapse into Metanode Collapse into Metanode
— E [E] Encapsulate into Wrapped Metanode [E] Encapsulate into Wrapped Metanode
* Interactive View: Scatter Plot Q Interactive View: Scatter Plot
(a8 | Show Flow Variable Ports Show Flow Variable Ports
of Cut of Cut
Copy Copy
Paste 7 Paste
< Undo <J Undo
Redo > Redo
¥ Delete X Delete
B Image B Image
BR Input data and view selection i Input data and view selection
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New node: OMERO Connection

e Uses server settings (IP address, port) and credentials to
establish a connection

 Doesn’t download any images

[ NN ] Dialog - 4:1 - OMERO Connec tion
Flow Variables  Job Manager Selection ~ Memory Policy
Server
Hostname
port 4,064 Encrypted Connection
OMERO connecﬁon ~Workflow credentials
Use Workflow Credentials
credentials < NONE>
~Manual Credentials
eeeeeee
o8 | password
Node 1
Test connec tion

Open for Innovation  ®
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Exercise 01 — Connecting to OMERO

* Create a connection to an OMERO instance:
— IP: ...
— User: ...
— PW: ..

* Which port(s) do you see on the node?

Open for Innovation @
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Exercise 01 - Solution

OMERO Connection

(o8 |
Node 1

Open for Innovation @
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New node: List Remote Files

e Creates file locations for a set of files (usually all files
in a folder 2 ) I

» [ KNIME Demo Examples (Project; id:67)

Al Jome-ugm-datal (Dataset; id:67)

' ° xyz-1 H3K9-Cy3 DAPI 1.Ism.ome (Image; id:67)
e Doesn'tload a ny images yet
xyz-1 H3K9-Cy3DAPI 3.Ism.ome (Image; id:69)
Xxyz-2 H3K9-Cy DAPI 3.Ism.ome (Image; id:70)
xyz-2 H3K9-Cy3DAPI 1.Ism.ome (Image; id:71)
Xyz-2 H3K9-Cy3DAPI 2.Ism.ome (Image; id:72)
» [ ome-ugm-data2 (Dataset; id:68)

LiSt Remote Fi|eS List from: ome:/ /!

~ Directory

/dataset/67 B B... g
[

O

Include subil

~Filter:
Extension(s) /

<>

Select a directory

Cancel

Open for Innovation  ®
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New node: Image Reader (Table) Remote

* Input table has to contain file locations

e Uses Bio-Formats to open images and store them
into an Img column

Image Reader
(Table) Remote

O
adl S
>

read images

Open for Innovation  ®
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Exercise 02 — Downloading Images

e Use the existing connection to select a dataset from
our OMERO instance:

— ome-ugm-datal or ome-ugm-data2
 What does the output table look like?

 Download images from the selected dataset and
inspect the images

E Open for Innovation @



Exercise 02 - Solution

Image Reader
OMERO Connection (Table) Remote Column Filter

O
>|-->—>§],£>

read images
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New Node: Joiner

e Combines columns from 2 different tables
* Top port contains “Left” data table

* Bottom port contains the “Right” data table

Dialog - 0:243 - Joiner (add product data)

'8 Column Selection  Flow Variables  Job Manager Selection ~ Memory Policy

File Reader Column Filter

join Mode
Joinmode  |nner Join
u—> *l* > Joining Columns
. _ . ) © Match all of the following Match any of the following
b ., | . Top Input (left’ table) Bottom Input (right’ table)
Demographics exclude iner I CustomerKey I Customerkey
and History Sentiment Rating \ Joine
from SAS file and Web Activity >

Excel Reader (XLS) String ManipuIaV add product data
Performance Tuning
Maximum number of open files: ;00
e

Enable hiliting
1 » o Row ID:
k . L . Row ID separator in joined table: |
Products
<->
Customer

AAAAA

Cancel
Open for Innovation  ®
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Joining Columns of Data

Left Table Right Table
Join by ID

File File

Table "default” -Rows: 4 | Spec - Columns: 4 | Properties | Flow Variables| [ Table “default” - Rows: 6 | spec - Columns: 4 | Properties | Fiow Variables| |
| D | age S Income Row ID TID | age '§ Income | § sex
Rowl 1 U3 <=50K M
Row2 2 25 <=50K F
Row3 4 23 >50K ™M
Inner Join T . m— | —
Rows T s 50K M
Rowé 7 24 <=50K M

File
Table "defauit” -Rows: 2 | Spec - Columns: 7 | Properties | Flow Variables|

Row ID | D | age
Row1 Rowl
Row3_Row5

Left Outer Join Right Outer Join

Missing values in the Missi lues in th
s e, issing values in the

left table.
Table "default” - Rows: 4 | Spec - Columns: 7 | Properties I Flow

Row ID D | age S Income

Open for Innovation @
© 2018 KNIME AG. All rights reserved. h I I M E



Joining Columns of Data

Left Table Right Table
Manually = JOin by ID Manually =

File File
Table "default” -Rows: 4 | Spec - Columns: 4 | Properties [ Flow Variables| | Table “default” -Rows: 6 | spec - Columns: 4 Properties | Flow Variables|
Row ID I D | age 8§ Income S dass Row ID | D | age 8 Income S sex
Row1l i Es] <=50K F1 Rowl 1 U3 <=50K M
Row2 3 25 <=50K F3 Row2 2 25 <50k F
Row3 I6 ll22 >50K A4 Row3 2 23 S50K M
Rowd 8 21 <=50K c3 Rowd 5 o1 <=5k 5
Row5 [m3 ]2 >50K M
Rows 7 24 <=50K M
Joined table - 2:3 - =
File
Table “default” - Rows: 8 | Spec - Columns: 8 | Properties | Fiow Variables| MISSIng values in
RwD || D lage [Smcome [Sdass [1 DA [1age( [S mncome() S sex the right table.
Missing values in Rowl Rowl |1 123 <=50K F1 1 23 <=50K M
Row3_Row5 | [6 |22 >50K A% 3 550K
the left table. ? 3 25 sk |3 : P ? > ~
_ 8 21 <= = I 2 ? A
2_Row2 ? ? ? N — e
2Row3 [ |7 ? ? ? e 23 >50K M
2Rowd W |? B ? ? /s 21 <=50K F
2Rowé e |2 ? B 7 24 <=50K M
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Exercise 03 — Processing Images

* Segment the first channel of each image:

— Smoothing ( ),
(Yen), , and

— Replace the result from the previous step!

. the resulting Labeling with the input data to
recover a raw version of the first channel

 Remove cells that are touching the border image

— Use

Open for Innovation @
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Exercise 03 - Solution

Gaussian Connected Component Interactive
Downloading Images Splitter Column Rename Convolution Global Thresholder Fill Holes Analysis Joiner Labeling Filter Segmentation View
> >
[ Al rb——| 15 ’/_
e~ L N e 1 LS S T B
[ ] L] L ] [ ] L] L] [ ] L] 19 [ ]
Split channels Smoothing Yen Fill binary holes Compute Remove segments
in binary mask Labeling touching the boarder
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New Node: Row Filter

* Row filtering with in- and exclude option according to certain
criteria
— Certain value or pattern in a selectable column
— Row number — —

Flow Variables  Job Manager Selection ~ Memory Policy

R I D Row number range
ow Fs row nmber e
| to the end of the table
Last row number 1{(C
o0 e Dialog - 0:279 - Row Filter
_ Include rows by attribute value
~) Exclude rows by attribute value Flow Variables  Job Manager Selection ~ Memory Policy
_ Include rows by number Column value
© Exclude rows by number Column to test: S ATy |
Row Filter - B
® [l e Ly il filter based on collection elements
Exclude rows by row ID
criteria
—’ -’#I ’— © use pattern matching
-+ © Include rows by attribute value constance < g
I Exclude rows by attribute value ~ case sensitive match  contains wild cards
CI:. Include rows by number regular expression
" Exclude rows by number
Deme Su mrﬂuous Include rows by row ID use range checking
rows = " Exclude rows by row ID Yol

upper bound:

only missing values match

oK. Apply Cancel @
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New Node: String Manipulation

* Create and edit values in string columns
e Clean up capitalization (e.g. Lowercase)
* Search and Replace, join

* Modify existing strings or create new columns

e0e® Dialog - 3:247 - String Manipulation (Change city)
Sl Flow Variables  Job Manager Selection  Memory Policy
Column List Category Description
ROWID All Replaces all occurrences of a String within another String.
ROWINDEX
ROWCOUNT Function Examples:
§ STATION_ID replace(‘abcabc”, "ab", ™)
S aTY regexReplace(str, regex, replacestr) replace("abcabc’, “ab", "z
S COUNTRY removeChars(str) replace(null, =, %)
§ URL removeChars(str, chars)

replace(™, *, %)

std H g M.n l p u mbn removeDiacritic(str) replace("any”, null, *)

removeDuplicates(str) replace(“any”, *, null)

replace(‘any”, ™, *)
* can be any character sequence.

p
replace(str, search, replace, modifiers)
replaceChars(str, chars, replace)

—. r[s] '— replaceChars(str, chars, replace, modifiers)

ranlacallml mitE

— Expression
Flow Variable List replace(SURLS, "City", $CITYS )

CD 5 knime.workspace

" Append Column: | Insert Missing As Null

© Replace Column: S URL B Syntax check on close

oK Apply Cancel
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Exercise 04 — Visualizing Results

* Extract mean intensity from 2" channel for each cell

in an image ( )

e Extract the cell area (NumPix) for each cell in an
image ( )

. the information for each cell

* Filter cells according to their size ( )

e Extract original file name for each cell (

)

Open for Innovation @
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Exercise 04 — Visualizing Results (continued)

Extract class (xyz-1 or xyz-2) from Name column
— to extract first 5 characters

Compute a p-value for the (independent) mean
intensities distributions ( )
Generate a box plot of the NumPix properties (per

group):
— Use the

E Open for Innovation @




Exercise 04 - Solution

Image Segment

Features
> I(2)
Independent
Processing Images o Joiner Row Filter Labeling Properties String Manipulation groups t-test
mean intensity > o - a ¥
>—
> g g e gl | - > AE
L] Segment Features L ] [ ] [ ] [ ] [ ]
Size filtering append name
> |(5) 450px < numPix < 3500px Conditional Box
H Plot (JavaScript)
L ]
numPix
o
Node 124
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Additional Resources

* Learning/LEARNING HUB:
https://www.knime.com/learning-hub

e Learning/NODE GUIDE:
https://www.knime.com/nodeguide

e Community/Forum:
https://forum.knime.com/

KNIME TV on YouTube
https://www.youtube.com/user/KNIMETV
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KNIME Image Processing and the Imagel Ecosystem

@
KNIME Image
Processing
Clear-
Volume
Cell-

Profiler
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The KNIME® trademark and logo and OPEN FOR INNOVATION® trademark are used by
KNIME AG under license from KNIME GmbH, and are registered in the United States.
KNIME® is also registered in Germany.
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