
User's GuideKonstantin KozlovDepartment of Computational biology,Center for Advan
ed Studies, St.Petersburg State Polyte
hni
al University,St.Petersburg,Russian Federation,Polyte
hni
heskaya ul., 29kozlov�spb
as.ruApril 28, 2010Abstra
tThis guide des
ribes the installation and usage of the ProSta
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riptsfrom a 
ommand line, set environment variables up and understandthe basi
s of the 
lient-server software ar
hite
ture. These terms anda
tions are not explained here.
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1 TeamKonstantin N. Kozlov(kozlov�spb
as.ru), Andrei S. Pisarev(pisarev�spb
as.ru).The leader of the proje
t Maria G. Samsonova(samson�spb
as.ru).2 Li
enseThis program is free software; you 
an redistribute it and/or modify it un-der the terms of the GNU General Publi
 Li
ense as published by the FreeSoftware Foundation; either version 2 of the Li
ense, or (at your option) anylater version.This program is distributed in the hope that it will be useful, but WITH-OUT ANYWARRANTY; without even the implied warranty of MERCHAN-TABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the GNUGeneral Publi
 Li
ense for more details.You should have re
eived a 
opy of the GNU General Publi
 Li
ensealong with this program; if not, write to the Free Software Foundation, In
.,59 Temple Pla
e - Suite 330, Boston, MA 02111-1307, USA.http://www.fsf.org/li
ensing/li
enses/gpl.html3 Terms, Abbreviations and NotationWork�ow � a 
omplex s
enario or pipeline of operations on some data (seeFigure 1). User spe
i�es only inputs. The output of one operation is auto-mati
ally fed to downstream operations. A work�ow 
an be represented asa Dire
ted A
y
li
 Graph (DAG). Another synonym is Workspa
e.WM � work�ow module. The operation that is seen by a software as one
ommand and is displayed to the user as a re
tangle. It 
an be also 
alledas Node or operator.Ea
h WM has several or zero Input and Output Ports. Input Ports aredrawn as small re
tangles on the left hand side of a Node and Output Ports� on the right hand side.WM's are 
onne
ted with Conne
tions that are displayed as lines in theGUI. Ea
h Input Port 
an have one and only one Conne
tion. Ea
h OutputPort 
an have any or zero number of Conne
tions.Consequently, a Work�ow is a set of Nodes and Conne
tions. It is storedas a text �le in AP format (see Se
t.7). This �le 
an be edited manually or8
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Figure 1: A Work�ow is a set of Nodes and Conne
tionsgraphi
ally with the Graphi
al s
enario builder (see Se
t.6.2).In the following se
tions the Left 
li
k denotes an event when the userpresses and releases the left button of a mouse. Middle 
li
k 
orrespondsto the middle button and Right 
li
k 
orresponds to the right button. Ifthere are only two buttons on the mouse, the event of pressing the middleone is usually emulated by the simultaneous pressing of both left and rightbuttons. The emulation is done on the system level and thus is outside thes
ope of this manual. The Shift+middle 
li
k denotes an event thathappens when the user presses and releases the middle button of a mousewhile holding the Shift key pressed. The Ctrl+middle 
li
k denotes anevent that happens when the user presses and releases the middle button ofa mouse while holding the Ctrl key pressed.
9



4 S
hedulerThe work�ow is represented as a set of Nodes and Conne
tions. Ea
h Nodehas an asso
iated operation, input and output ports, status and timeout.Timeout is de�ned as the maximal time that the software is allowed to spendon the requested operation. The status 
an be one of the following:1. waiting2. running3. 
ompleted4. failedOn loading from �le or on the 
onstru
tion of a work�ow all nodes have'waiting' status. When the node is being exe
uted its status is 
hangedto 'running'. The node gets given '
ompleted' status if no errors o

urredduring its exe
ution otherwise it gets 'failed' status. Ea
h node is exe
utedin a separate thread and several nodes 
an be simultaneously exe
uted. ANode 
an be exe
uted if its status is 'waiting' and as soon as data is availableon all its input ports. On
e exe
ution is 
ompleted results are sent throughoutput 
onne
tions to their destination nodes.5 Installation of a binary pa
kagesThe software is developed on Fedora 11 GNU/Linux and distributed as RPMpa
kages for this OS and x86_64 ar
hite
ture. The binary bundles for Mi-
rosoft Windows XP (x86) and Ma
 OS X 10.5 Leopard (x86) are also pro-vided.5.1 Installation on Fedora 11 and laterFor Fedora 11 x86_64 download the latest binary RPM pa
kage and installwith$ yum --nogpg
he
k lo
alinstall <binary rpm>
10



For Fedora 11 x86 and later Fedora versions both x86 and x86_64 down-load sour
e rpm and rebuild it. This may require installation of many devel-opment pa
kages. If you don't want to install those pa
kages you may jumpto the next se
tion.5.2 Installation on generi
 GNU/LinuxDownload the binary bundle and unpa
k it to any dire
tory you have writea

ess to. Run the software as$ /path/to/your/dire
tory/ProSta
k/bin/ProSta
k5.3 Installation on MS Windows and Ma
 OS XDownload the binary bundle for your OS and install it the standard way. OnWindows run the downloaded setup program, on Ma
 
opy the appli
ationfrom the mounted disk image to the Appli
ations folder.5.4 System requirementsThe RPM distribution should resolve all dependen
ies using yum. Bundlesshould 
ontain everything that is not standard for the underlying platform.To redu
e the download size GNU/Linux bundle doesn't 
ontain things likePerl, Gnuplot and ImageMagi
k. If you do not have or do not want to installthem, some not essential modules will not work.6 Usage6.1 Main windowThe main window of the interfa
e is presented in Figure 2.6.2 Graphi
al s
enario builderThe window of the Graphi
al s
enario builder is presented in Figure 3.
11



Figure 2: Main window of the interfa
e6.3 Constru
ting a new workspa
e1. Middle 
li
k in Builder window pla
es the �le WM (Figure 4).2. Shift+middle 
li
k inBuilder window pla
es the from_�le WM.Right 
li
k on the WM opens the pop-up menu. Options opens theFile Sele
tion dialog. The from_�le WM lets the user to pro
ess datastored on lo
al ma
hine.3. Other pop-up menu items:(a) Copy � Copy node to 
lipboard,(b) Paste � Paste the previously 
opied node at the lo
ation of mousepointer,(
) Delete � Delete node,(d) Help � Open the short des
ription of the sele
ted WM,(e) View output � If a node was exe
uted and the mouse pointer ispla
ed on the node output port this item will display the portoutput. 12



Figure 3: Graphi
al s
enario builder4. Sele
t a WM from the list displayed in the Main window by left
li
k on its name. The middle 
li
k in the Builder window win-dow will pla
e the WM at the lo
ation of mouse pointer. Use Optionsitem of the pop-up menu to set the parameters, timeout and label ofnew node. The double 
li
k opens the same dialog, e.g. for WMsrel 5.5. Use left 
li
k to sele
t the display node from the list shown in theMain window. The middle 
li
k in the Builder window willpla
e this node at the lo
ation of mouse pointer. Use Options item ofthe pop-up menu to set the parameters, timeout and label of new node.6. To 
onne
t nodes left 
li
k on the output port of the �rst node �13



Figure 4: The WM �le.

Figure 5: Set the parameters, timeout and label of new node strel.

Figure 6: Making 
onne
tion. Step 1.Figure 6. The port and all outgoing 
onne
tions will be 
olored red �14



Figure 7: Making 
onne
tion. Step 1. Result.

Figure 8: Making 
onne
tion. Step 2.

Figure 9: Making 
onne
tion. Step 2. ResultFigure 7. Left 
li
k on the input port of the target node � Figure 8.Conne
tion will appear � Figure 9.15



7. The pro
essing results 
an be saved on the lo
al ma
hine. To do soCtrl+Middle 
li
k in the Builder window window. This pla
esthe to_�le node. Go to the Options menu item and spe
ify the output�le in the File Save dialog window.8. To delete an existing 
onne
tion repeat the operations listed in 9.9. The addition/deletion of node or 
onne
tion 
an be undone and re-done by using the Undo and Redo buttons of the Builder windowtoolbar (1).10. Other buttons of the Builder window toolbar:(a) Save As � open the File Save dialog window to spe
ify the lo
ationand name of the �le to whi
h work�ow will be saved,(b) Save � save work�ow,(
) Close � 
lose appli
ation,(d) Run � run work�ow,(e) Stop � stop the exe
ution of work�ow,(f) Rew � rewind work�ow to the start,(g) Compile � 
ompile work�ow to WM.6.4 Work with existing workspa
e1. The exe
ution is started by pressing the Run button of the Builderwindow toolbar, see Figure 10, where the status of the node is dis-played with a 
olor.2. The exe
ution stops, if the Stop button is pressed. The run will 
ontinuefrom the break point if the Run button is pressed again. The Rew button(rewind) 
lears all intermediate results.3. If the options of a node were 
hanged by using the Options dialog thenthe exe
ution of work�ow stops and all downstream nodes are 
learedstarting from this node. If the options of a node were 
hanged by usingthe Options dialog box then the exe
ution of work�ow stops and allnodes lo
ated downstream from the modi�ed node are 
leared.16



Figure 10: Running work�ow.4. If a 
onne
tion is removed or 
hanged then the exe
ution of work�owstops and all downstream nodes are 
leared starting from this 
onne
-tion.5. The temporary storage is freed on exit and rewind.

17



6.5 Compiling the work�ow

Figure 11: Compiling workspa
e.The 
ompilation is illustrated in Figure 11. Compilation results in four�les pla
ed in a new dire
tory spe
i�ed in the File sele
tion dialog opened bypressing the Compile button. The name of the dire
tory is the same as thename of the new WM.The following �les are generated:<name>.pl � the Perl s
ript that serves as the WM exe
utable and runswork�ow in the komet interpreter,<name>.in � the input Ports of new WM,<name>.out � the output Ports of new WM,<name>.ui2 � the user interfa
e displayed under the Options menu inbambu. 18



Figure 12: Run workspa
e in the ba
kground.6.6 Several workspa
e or several datatsetsTo merge two workspa
es use the following 
ommands:$ komet -m <workspa
e 1> <workspa
e 2> <workspa
e merged>To run workspa
e in the ba
kground open the workspa
e and look throughall to_�le and from_�le nodes. They should 
ontain not the real �lenamesbut only the "su�xes" to identify 
orre
t inputs and produ
e 
orre
t outputsbased on the embryoname. The paths will be 
orre
ted at runtime onlysu�xes matter. Go to Workspa
e/Apply menu 12. Sele
t workspa
e, thefolder that 
ontains input images, the output folder, the server 
an be leftun
hanged (lo
alhost:7778) and type your email. If the 
he
k box is 
he
kedthe workspa
es for ea
h embryo in the output folder with 
orre
t paths.When you 
li
k OK the separate pro
ess is started that does the job so you
an 
lose the main window. It writes logs and states to the output folder.Another option is to generate workspa
es for all embryos and then pro
essthem. To generate them to the following:$ komet -w -n <email>,<output dir>,<input dir>,lo
alhost:7778 <workspa
e>-w - means write workspa
es-n - don't run them7 AP formatThe s
enarios are stored as text �les that use so 
alled .ini-style. Thefollowing is a sample s
enario. 19



# ProSta
k s
enario[Workspa
e℄n=1nodes=99[Node:5℄info=0;174;85;30;35;0;0;0;0;0;0;0;0;0;id=type=PAMfile=.txtname=halfsizesserver=defaultdelay=60label=halfsizes[default℄name=defaulthost=lo
alhostport=7503address=/proto=door[Conne
tions℄5.1=10.1;59.1;8.1=9.19.1=10.210.1=11.2;12.2;13.2;46.2;The �rst line strating with # determines the MIME-type. The �rst se
tionhas to be Workspa
e where the number of nodes has to be given. The 
on-sequent se
tions des
ribes nodes of the s
enario and are 
alled Node:<nodeid>. The nodes 
an be exe
uted on di�erent servers, indi
ated with serverkey. The �le has to 
ontain se
tions for all servers. The spe
ial se
tionConne
tions des
ribes the data�ow in the s
enario. The keys are of the for-mat <node id>.<port id> of the data sour
e and values are lists separatedby ; of data targets of the same format.20



8 List of Work�ow ModulesEa
h se
tion below des
ribes one work�ow module. The se
tion name 
on-sists of the name of a module as it is presented in the C window of the bambuGUI and the full name of operation. The 
ontents of the se
tion presents theshort explanation of how this module works. For detailed explanation andgeneral information on image pro
essing 
onsult [2℄. The number and typeof input and output ports are listed under INPUT and OUTPUT entries,respe
tively. The parameters that 
an be adjusted for this operation arelisted under PARAMETERS entry.8.1 align - Generate rules to 
orre
t the embryo orien-tationThis operator generates the rules to put the image of Drosophila embryo intostandard orientation. It 
he
ks whether the posterior part of an embryo islarger than the anterior one, and whether the ventral part is larger than thedorsal one. The output text �le 
ontains the list of needed operations.INPUT1 image:.tifOUTPUT1 text:.txtThe format of an output �le:<alighn>transpose or - if not neededreverse
olumn or - if not neededreverserows or - if not needed</alighn>8.2 andif - Anisotropi
 di�usionDi�usion algorithms remove noise from an image by modifying the image viaa partial di�erential equation (PDE). Anisotropi
 di�usion lets the di�usion
oe�
ient to vary spatially so as to enhan
e the intra-region smoothing inpreferen
e to the inter-region one. Region boundaries remain sharp. Thedetails 
an be found in [4℄. The PDE is dis
retized in spa
e using the pixello
ations as knots of the grid. The original image is used as the initial 
on-dition and the PDE is numeri
ally integrated over time with the integration21



("time") step and the number of iterations supplied as parameters. Twoedge-stopping fun
tions were proposed in the original paper. The additionalparameter 
alled Threshold 
ontrols the "sensitivity" of the edge-stoppingfun
tion. The parameters are to be determined experimentally to a
hievethe desired result.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSNumber of iterationsTime step(<=1)Threshold(<1) for edge stopping fun
tionThe type of edge stopping fun
tion8.3 apee - Corre
t orientation of embryoThis operator applies the rules to put the image of Drosophila embryo intostandard orientation. These rules are generated by the align (see 8.1) oper-ator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.4 apro - Filter the tableThis operator �lters the input table of numeri
al values. The table 
an 
onsistof an arbitrary number of rows greater than one. The number of 
olumnsshould be greater than two. The output 
onsists of two 
olumns. ParametersX and F de�ne the numbers of 
olumns in input table that are printed in theoutput. The rows are sele
ted by the following rule: Y min < Y < Y max,where Y represents the value of the 
urrent row in the third 
olumn of theinput table. The rows of the output are sorted with respe
t to the �rst
olumn. Consequently, the output 
an be dire
tly fed to the gnuplot.INPUT1 text:.txt 22



OUTPUT1 text:.txtPARAMETERSX � number of the 
olumn for the argument,F � number of the 
olumn for the fun
tion value,Y min � lower bound for y,Y max � upper bound for y.8.5 apron - Filter the dataThis operator �lters the input table of numeri
al values. The table 
an 
onsistof an arbitrary number of rows greater than one. The number of 
olumnsshould be greater than two. The output table 
onsists of all 
olumns fromthe input. The rows are sele
ted by the following rule: Y min < Y < Y max,where Y represents the value of the 
urrent row in the third 
olumn of theinput table. The rows of the output are sorted with respe
t to the se
ond
olumn. Consequently, the output 
an be dire
tly fed to the gnuplot.INPUT1 text:.txtOUTPUT1 text:.txtPARAMETERSY min � lower bound for y,Y max � upper bound for y.8.6 aps
 - Che
k the orientation of embryoThis operator 
he
ks the rules generated by align (see 8.1) operator usingthe result of 
hemar (see 8.17) operator. The resultant rules 
an be used to
orre
t the orientation.INPUT1 text:.txt2 text:.txtOUTPUT1 text:.txtPARAMETERSDire
tion � indi
ates in whi
h part of an embryo ( A(anterior) or P(posterior))the level of gene expression should be higher.23



8.7 ar_minus - Subtra
t the image dimensionsThis operator subtra
ts the image dimensions that are given as a string offour numbers whi
h are distan
es measured in pixels from the image 
enter toits borders. These dimensions 
an be 
al
ulated by the halfsizes (see 8.61)operator.INPUT1 text:.txt2 text:.txtOUTPUT1 text:.txt8.8 ar_plus - Sum up the image dimensionsThis operator sums up the image dimensions that are given by a string of fournumbers whi
h are the distan
es measured in pixels from the image 
enter toits borders. The dimensions 
an be 
al
ulated by the halfsizes (see 8.61)operator.INPUT1 text:.txt2 text:.txtOUTPUT1 text:.txt8.9 ar_x - Multiply the image dimensions by a 
onstantThis operator multiplies by a 
onstant the image dimensions given by a stringof four numbers whi
h are the distan
es measured in pixels from the image
enter to its borders. The dimensions 
an be 
al
ulated by the halfsizes(see 8.61) operator. The 
onstant is de�ned as a parameter.INPUT1 text:.txtOUTPUT1 text:.txtPARAMETERSValue � the multiplier.
24



8.10 ar
plot - Average the intensities over binsThis operator averages the intensities over bins de�ned in polar 
oordinates.The input �le must 
ontain the list of pixels in polar 
oordinates. The output
ontains the table of bins with average angle (theta) and the value of averageintensity in a bin.INPUT1 text:.txtOUTPUT1 text:.txtPARAMETERSRho � lower bound for radius,Rho max � upper bound for radius,Rho bins � number of bins along the radius,Theta min � lower bound for theta,Theta max � upper bound for theta,Theta bins � number of bins along the ar
.8.11 avg - Average images pixel by pixelThis operator averages three images pixel by pixel.INPUT1 image:.tif2 image:.tif3 image:.tifOUTPUT1 image:.tif8.12 avg2 - Average images pixel by pixelThis operator averages two images pixel by pixel.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif
25



8.13 blo2pol - Convert the 
oordinates to polar 
oordi-natesThis operator 
onverts the 
oordinates of 
entroids of blobs to polar 
oor-dinates. The 
enter of 
oordinate system is 
al
ulated from the input maskimage. The list of blobs is input to the se
ond port and 
an be 
al
ulated bythe blob (see 8.14) operator.INPUT1 image:.tif - mask image2 text:.txtOUTPUT1 text:.txt8.14 blob - Extra
t the obje
ts from the binary imageContiguous regions of "on" pixels surrounded by "o�" pixels (blobs) arestored in the output as the list of pixel indi
es. The limits are 
he
ked forthe number of pixels in the region. The number of blobs is also limited. Ifthe input images are di�erent the �rst is treated as the image of domainsea
h of whi
h 
ontains not more than one blob. The list of pixel indi
es forthe domains 
ontaining blobs is also stored in the output. This makes itpossible to atta
h the information of the surroundings to the blobs.INPUT1 image:.tif2 text:.txtOUTPUT1 text:.txtPARAMETERSMinimal number of pixelsMaximal number of pixelsMaximal number of blobs8.15 bolb - Draw an image of the blobsThis operator restores an image of blobs from the list stored in the input �le.INPUT1 text:.txt 26



OUTPUT1 image:.tif8.16 bolin - Draw an image of the sele
ted blobThis operator restores an image of the sele
ted blob from the list stored inthe input �le. The blob is sele
ted by the index.INPUT1 text:.txtOUTPUT1 image:.tifPARAMETERSIndex � index of the blob.8.17 
hemar - Che
k the orientation of the DrosophilaembryoThis operator 
al
ulates the average intensity in the left and right parts ofthe image.INPUT1 image:.tifOUTPUT1 text:.txtFormat of the output �le:<
hemar>R - if the the average intensity on the left is greater and L otherwise,"average intensity on the left" "average intensity on the right",</
hemar>8.18 
hole - Closing of holesThis operator �lls the regions of "o�" pixels surrounded by "on" pixels usinga stru
tural element. Un
losed 
ontours are erased. The stru
tural element
an be 
al
ulated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txt - stru
tural element 27



OUTPUT1 image:.tif8.19 
hole3d - Closing of holesThis operator �lls the regions of "o�" pixels surrounded by "on" pixels usinga stru
tural element. Un
losed 
ontours are erased. The stru
tural element
an be 
al
ulated by the strel3d (see 8.140) operator.INPUT1 image:.tif2 text:.txt - stru
tural elementOUTPUT1 image:.tif8.20 
move - Move data using 
urlThis operator moves data between servers using 
url utility.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSS
heme � http or https.Uri � address.Login � username.Pasword � password.8.21 
move_i - Move data using 
urlThis operator moves data between servers using 
url utility.OUTPUT1 image:.tifPARAMETERSS
heme � http or https.Uri � address.Login � username.Pasword � password.Image � �le name. 28



8.22 
rop - Crop imageThis operator redu
es the dimensions of the input image to the minimalre
tangular area required to 
over all "on" pixels. The number of erasedpixels is stored in the se
ond output �le that 
an be used to 
rop otherimages by the geometry (see 8.50) operator.INPUT1 image:.tifOUTPUT1 image:.tif2 text:.txtThe format of output �le:<
rop>upper offset,lower offset, left offset, right offset - numbers ofpixels 
ropped at ea
h side,</
rop>8.23 
urlup - Move data using 
urlThis operator moves data between servers using 
url utility.INPUT1 image:.tifPARAMETERSS
heme � http or https.Uri � address.Name � �le name.Login � username.Pasword � password.8.24 
wtsd - Watershed transformThis operator makes a watershed transformation of an input image. The
onne
tivity 
an be de�ned as a parameter.INPUT1 image:.tifOUTPUT1 image:.tif 29



PARAMETERSConne
tivity - de�nes the neighborhood: 4 or 8.8.25 
wtsd3d - Watershed transformThis operator makes a watershed transformation of an input image. The
onne
tivity 
an be de�ned as a parameter.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSConne
tivity - de�nes the neighborhood: 6 or 26.8.26 de
bsup - Blind de
onvolutionThis operator performs a blind de
onvolution of the input image. It readsthe initial guess for the PSF parameters from the se
ond input. It also printsthe PSF approximation in the se
ond output.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif2 text:.txtPARAMETERSMax.num.of iterations - maximal number of iterations.Max.blind iter - maximal number of iterations for ea
h PSF guess.Criterion - stopping 
riterion.Lambda - Lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.8.27 de
bsup_i - Blind de
onvolutionThis operator performs a blind de
onvolution of the input image. The initialguess for the PSF parameters is provided as the parameters. It also printsthe PSF approximation in the se
ond output.30



INPUT1 image:.tifOUTPUT1 image:.tif2 text:.txtPARAMETERSMax.num.of iterations - maximal number of iterations.Max.blind iter - maximal number of iterations for ea
h PSF guess.Criterion - stopping 
riterion.Lambda - Lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.PSF parameter - standard deviation.Window - -1 for auto.8.28 de
inv - Inverse �lterThis operator performs de
onvolution of the input image using inverse �lter.It reads the initial guess for the PSF parameters from the se
ond input.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSLambda - Lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.8.29 de
inv_i - Inverse �lterThis operator performs de
onvolution of the input image using inverse �lter.The initial guess for the PSF parameters is provided as the parameters.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSLambda - Lapla
e 
oe�
ient. 31



PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.PSF parameter - standard deviation.Window - -1 for auto.8.30 de
sup - Ri
hardson-Lu
y de
onvolutionThis operator performs de
onvolution of the input image using Ri
hardson-Lu
y algorithm. It reads the initial guess for the PSF parameters from these
ond input.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSMax.num.of iterations - maximal number of iterations.Criterion - stopping 
riterion.Lambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.8.31 de
sup_i - Ri
hardson-Lu
y de
onvolutionThis operator performs de
onvolution of the input image using Ri
hardson-Lu
y algorithm. The initial guess for the PSF parameters is provided as theparameters.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSMax.num.of iterations - maximal number of iterations.Criterion - stopping 
riterion.Lambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.PSF parameter - standard deviation.Window - -1 for auto. 32



8.32 de
tm - Tikhonov-Miller de
onvolutionThis operator performs de
onvolution of the input image using Tikhonov-Miller algorithm. It reads the initial guess for the PSF parameters from these
ond input.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSLambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.8.33 de
tm_i - Tikhonov-Miller de
onvolutionThis operator performs de
onvolution of the input image using Tikhonov-Miller algorithm. The initial guess for the PSF parameters is provided as theparameters.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSLambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.PSF parameter - standard deviation.Window - -1 for auto.8.34 de
wiener - Wiener �lterThis operator performs de
onvolution of the input image using Wiener �lter.It reads the initial guess for the PSF parameters from the se
ond input.INPUT1 image:.tif2 text:.txt 33



OUTPUT1 image:.tifPARAMETERSLambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.Alpha - Value 1 
orresponds to the 
lassi
 Wiener �lter.8.35 de
wiener_i - Wiener �lterThis operator performs de
onvolution of the input image using Wiener �lter.The initial guess for the PSF parameters is provided as the parameters.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSLambda - lapla
e 
oe�
ient.PSF type - bessel,gauss,exp,ones or 
onfo
al_beessel.Gamma - regularization 
oe�
ient.Alpha - Value 1 
orresponds to the 
lassi
 Wiener �lter.PSF parameter - standard deviation.Window - -1 for auto.8.36 despekle - Redu
e spe
kle noise in the input imageThis operator redu
es the intensity of salt and pepper noise in an image usingthe Crimmins 
omplementary hulling algorithm [1℄. This algorithm smoothesthe image by redu
ing the magnitude of lo
ally in
onsistent pixels, as wellas by in
reasing the magnitude of pixels in the neighbourhood surroundinga spike. The spike is de�ned here as a pixel whose value is di�erent from itssurroundings by more than 2 intensity levels. In
reasing number of iterationsof the algorithm 
an introdu
e an e�e
t of blurring of the image. In theultimate 
ase all sharp gradients will be smoothed down to a magnitude of2 intensity levels. 
aseINPUT1 image:.tifOUTPUT 34



1 image:.tifPARAMETERSIterations - number of sweeps.8.37 despekle3d - Redu
e spe
kle noise in the input im-ageThis operator redu
es the intensity of salt and pepper noise in an image usingthe Crimmins 
omplementary hulling algorithm [1℄. This algorithm smoothesthe image by redu
ing the magnitude of lo
ally in
onsistent pixels, as wellas by in
reasing the magnitude of pixels in the neighbourhood surroundinga spike. The spike is de�ned here as a pixel whose value is di�erent from itssurroundings by more than 2 intensity levels. In
reasing number of iterationsof the algorithm 
an introdu
e an e�e
t of blurring of the image. In theultimate 
ase all sharp gradients will be smoothed down to a magnitude of2 intensity levels. 
aseINPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSIterations - number of sweeps.8.38 diglsm - Distan
e transformThis operator extra
ts one 
hannel from the multi
hannel LSM image.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSChannel - the 
hannel to extra
t.8.39 distan
e - Distan
e transformThis operator repla
es the value of ea
h pixel in the input image by theEu
lidean distan
e from this pixel to the nearest "o�" pixel. The Window35



parameter de�nes the size (in pixels) of the neighbourhood of the pixel under
onsideration used in 
al
ulations.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSWindow- de�nes the approximation of the distan
e measure.8.40 distan
e3d - Distan
e transformThis operator repla
es the value of ea
h pixel in the input image by theEu
lidean distan
e from this pixel to the nearest "o�" pixel. The Windowparameter de�nes the size (in pixels) of the neighbourhood of the pixel under
onsideration used in 
al
ulations.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSWindow- de�nes the approximation of the distan
e measure.8.41 edge - Edge dete
tionThis operator dete
ts the edges of obje
ts in the input image using the Shen-Castan Dete
tor [5, 6℄.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSa1, a2 - parameters of the In�nite Symmetri
 Exponential Filter (ISEF), 0 <

a1 < 1, 0 < a2 < 1.Low threshold - the minimal value of gradient magnitude,High threshold - the maximal minimal value of gradient magnitude,Window - size of window to 
al
ulate the magnitude of gradient,Segment - minimal number of pixels in the edge segment. The width or36



height of a window 
annot be an even number,Conne
tivity - 4 or 8-neighborhood8.42 edge3d - Edge dete
tionThis operator dete
ts the edges of obje
ts in the input image using the Shen-Castan Dete
tor [5, 6℄.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSa1, a2 - parameters of the In�nite Symmetri
 Exponential Filter (ISEF), 0 <

a1 < 1, 0 < a2 < 1.Low threshold - the minimal value of gradient magnitude,High threshold - the maximal minimal value of gradient magnitude,Window - size of window to 
al
ulate the magnitude of gradient,Segment - minimal number of pixels in the edge segment. The width orheight of a window 
annot be an even number,Conne
tivity - 6 or 26-neighborhood8.43 expand - Expand image via pixel repli
ationThis operator in
reases the size of the input image using the pixel repli
ation.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSS
ale - the s
ale fa
tor.8.44 expand3d - Expand image via pixel repli
ationThis operator in
reases the size of the input image using the pixel repli
ation.INPUT1 image:.tifOUTPUT1 image:.tif 37



PARAMETERSS
ale - the s
ale fa
tor.8.45 �ll - Fill the holesThis operator �lls the regions of "o�" pixels surrounded by "on" pixels.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSConne
tivity - 4 or 8 neighbourhood.8.46 g
lose - Morphologi
al 
losingThis operator performs morphologi
al 
losing whi
h is the dilation followedby erosion using the stru
tural element supplied as the se
ond input. Thestru
tural element 
an be 
al
ulated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.47 g
lose3d - Morphologi
al 
losingThis operator performs morphologi
al 
losing whi
h is the dilation followedby erosion using the stru
tural element supplied as the se
ond input. Thestru
tural element 
an be 
al
ulated by the strel3d (see 8.140) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps. 38



8.48 gdilation - DilationThis operator does su

essive dilations of the input image by the stru
turalelement supplied as the se
ond input. The stru
tural element 
an be 
al
u-lated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.49 gdilation3d - DilationThis operator does su

essive dilations of the input image by the stru
turalelement supplied as the se
ond input. The stru
tural element 
an be 
al
u-lated by the strel3d (see 8.140) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.50 geometry - Crop the preset number of pixels fromthe imageThis operator redu
es dimensions of the input image. It 
rops pixels fromea
h side of the image. The number of pixels is de�ned in the se
ond inputthat 
an be generated by the 
rop (see 8.22) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif 39



8.51 geometry3d - Crop the preset number of pixelsfrom the imageThis operator redu
es dimensions of the input image. It 
rops pixels fromea
h side of the image. The number of pixels is de�ned in the se
ond inputthat 
an be generated by the 
rop (see 8.22) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.52 gerosion - ErosionThis operator does su

essive erosions of the input image by the stru
turalelement supplied as the se
ond input. The stru
tural element 
an be 
al
u-lated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.53 gerosion3d - ErosionThis operator does su

essive erosions of the input image by the stru
turalelement supplied as the se
ond input. The stru
tural element 
an be 
al
u-lated by the strel3d (see 8.140) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps. 40



8.54 getp - Extra
t one plane from the sta
kThis operator extra
ts one plane from the sta
k.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSPlane - the plane to extra
t.8.55 gmag - Cal
ulate the magnitude of the gradientThis operator 
al
ulates the magnitude of the gradient.INPUT1 image:.tifOUTPUT1 image:.tif8.56 gopen - Morphologi
al openingThis operator performs morphologi
al opening whi
h is the erosion followedby dilation using the stru
tural element supplied as the se
ond input. Thestru
tural element 
an be 
al
ulated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.57 gopen3d - Morphologi
al openingThis operator performs morphologi
al opening whi
h is the erosion followedby dilation using the stru
tural element supplied as the se
ond input. Thestru
tural element 
an be 
al
ulated by the strel3d (see 8.140) operator.INPUT1 image:.tif 41



2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions - number of sweeps.8.58 grid - Produ
e an image with the 
artesian gridThis operator produ
es the image of the 
artesian grid.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSNumber of bins - number of grid 
ells.8.59 grid3d - Produ
e an image with the gridThis operator produ
es the image of the grid. The des
ription of the shape issupplied as the se
ond input. It 
an be produ
ed by the qu3dinit (see 8.106)operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSType - type of the grid - 
artesian or ellipti
al.Cell height - the height of the 
ell measured in per 
ent.Cell width - the width of the 
ell measured in per 
ent.Cell depth - the depth of the 
ell measured in per 
ent.Offset - the o�set of the 
enter of the 
oordinate system measured in per
ent. If set to 0 the 
enter of the image will be the 
enter of the 
oordinatesystem, if set to 0.5 the 
enter of the image will be the 
enter of the 
entral
ell.Criterion - the allowed error.Shape se
tion - the name of the se
tion in the se
ond input that des
ribesthe shape of the obje
t. 42



8.60 grid3d_i - Produ
e an image with the gridThis operator produ
es the image of the grid. The 
enter of the obje
t inthe image is entered in the parameter dialog.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSType - type of the grid - 
artesian or ellipti
al.Cell height - the height of the 
ell measured in per 
ent.Cell width - the width of the 
ell measured in per 
ent.Cell depth - the depth of the 
ell measured in per 
ent.Offset - the o�set of the 
enter of the 
oordinate system measured in per
ent. If set to 0 the 
enter of the image will be the 
enter of the 
oordinatesystem, if set to 0.5 the 
enter of the image will be the 
enter of the 
entral
ell.Criterion - the allowed error.X Center - x 
oordinate of 
entroid.Y Center - y 
oordinate of 
entroid.Z Center - z 
oordinate of 
entroid.8.61 halfsizes - Print the dimensions of the imageThis operator prints dimensions of the image as a string of four numbersrepresenting the distan
e in pixels from the image 
enter to the borders.INPUT1 image:.tifOUTPUT1 text:.txtThe format of output �le:<halfsizes>upper offset,lower offset, left offset, right offset - the distan
esin pixels from the image 
enter to the borders</halfsizes> 43



8.62 heqm - Equalize histogram using maskThis operator performs the histogram equalization taking into a

ount onlythose pixels that are "on" in the mask that 
omes from the se
ond input.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.63 heq - Histogram equalizationThis operator equalizes the histogram of the image. The idea is to spreadout the histogram values to �ll the entire range of the data type to enhan
edetails that would be otherwise lost.INPUT1 image:.tifOUTPUT1 image:.tif8.64 hues - Combine 
olor 
hannels into one imageThis operator 
ombines grays
ale images of three 
olor 
hannels (Red, Greenand Blue) to the one grays
ale image in whi
h ea
h pixel equals the produ
t ofHue and Saturation values in this pixel. The 
olor 
hannels 
an be extra
tedby the splitrgb (see 8.136) operator.INPUT1 image:.tif2 image:.tif3 image:.tifOUTPUT1 image:.tif8.65 iapee - Visually 
orre
t the embryo orientationThis operator displays the image oriented a

ording to the rules suppliedin the se
ond input and allows to �ip and/or �op the image to 
orre
t theorientation. The output text �le 
ontains the list of needed operations.44



INPUT1 image:.tif2 text:.txtOUTPUT1 text:.txtThe format of an output �le:<iapee>-reverse
olumn or - if not neededreverserows or - if not needed</iapee>8.66 invert - Invert the imageThis operator inverts the grays
ale values of all pixels in input image.INPUT1 image:.tifOUTPUT1 image:.tif8.67 invert3d - Invert the imageThis operator inverts the grays
ale values of all pixels in input image.INPUT1 image:.tifOUTPUT1 image:.tif8.68 lev - Extra
t the pixels with 
ertain intensityThose pixels that have the given intensity in the input image have the max-imal intensity in the output image. The other pixels are "o�".INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSIndex - intensity. 45



8.69 lheq - Lo
al histogram equalizationThis operator performs histogram equalization separately for ea
h pixel usingthe neighborhood de�ned by the stru
tural element from the se
ond input.The stru
tural element 
an be 
al
ulated by the strel (see 8.139) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions- number of sweeps8.70 lheq3d - Lo
al histogram equalizationThis operator performs histogram equalization separately for ea
h pixel usingthe neighborhood de�ned by the stru
tural element from the se
ond input.The stru
tural element 
an be 
al
ulated by the strel3d (see 8.140) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions- number of sweeps8.71 lv3d - Rotate the sta
k around the verti
al axisThis operator rotates the sta
k around the verti
al axis.INPUT1 image:.tifOUTPUT1 image:.tif
46



8.72 m_ar_plus - Sum up the image dimensionsThis operator sums up the image dimensions that are given by a string of fournumbers whi
h are the distan
es measured in pixels from the image 
enter toits borders. The dimensions 
an be 
al
ulated by the halfsizes (see 8.61)operator.INPUT1 text:.txtOUTPUT1 text:.txtPARAMETERSUpper offset - number of pixels to add at the top,Lower offset - number of pixels to add at the bottom,Left offset - number of pixels to add at the left,Right offset - number of pixels to add at the right.8.73 m_ar_x - Multiply the image dimensions by a
onstantThis operator multiplies the image dimensions given by a string of four num-bers whi
h are the distan
es measured in pixels from the image 
enter toits borders. The dimensions 
an be 
al
ulated by the halfsizes (see 8.61)operator. The 
onstant is de�ned as a parameter.INPUT1 text:.txtOUTPUT1 text:.txtPARAMETERSUpper offset - multiplier for the number of pixels to add at the top,Lower offset - multiplier for the number of pixels to add at the bottom,Left offset - multiplier for the number of pixels to add at the left,Right offset - multiplier for the number of pixels to add at the right.8.74 mat
h - Find obje
ts mat
hing the templateThis operator �nds in the binary image obje
ts mat
hing the template pro-vided in the se
ond input as the stru
tural element. The stru
tural element
an be 
al
ulated by the strel (see 8.139) operator. Ea
h mat
hing obje
t47



in the output binary image is marked with one bright pixel. This output 
anbe used as the marker image for the re
onstru
t (see 8.113) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.75 mask - Mask the imageThis operator masks the �rst input image by the se
ond one. The pixels thatare "o�" in the mask are "o�" in the output image. Other pixels are keptun
hanged from the input. The mask 
omes from the se
ond input.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.76 max - Pixel by pixel maximumThis operator 
omputes pixel by pixel maximum of three input images.INPUT1 image:.tif2 image:.tif3 image:.tifOUTPUT1 image:.tif8.77 max2 - Pixel by pixel maximum of two imagesThis operator 
omputes pixel by pixel maximum of two input images.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif 48



8.78 max3d - Pixel by pixel maximum of the images inthe sta
kThis operator 
omputes pixel by pixel maximum of the images in the sta
k.INPUT1 image:.tifOUTPUT1 image:.tif8.79 maxlsm - Pixel by pixel maximum of the 
hannelsin the sta
kThis operator 
omputes pixel by pixel maximum of the 
hannels in the sta
k.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSComma separated list - the 
hannels.8.80 m
rop - Crop an image manuallyThis operator redu
es the dimensions of the input image. It 
rops the de�nednumber of pixels from the ea
h side of the image.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSUpper offset - number of pixels to 
rop from the top,Lower offset - number of pixels to 
rop from the bottom,Left offset - number of pixels to 
rop from the left,Right offset - number of pixels to 
rop from the right.8.81 m
rop3d - Crop an image manuallyThis operator redu
es the dimensions of the input image. It 
rops the de�nednumber of pixels from the ea
h side of the image.49



INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSUpper offset - number of pixels to 
rop from the top,Lower offset - number of pixels to 
rop from the bottom,Left offset - number of pixels to 
rop from the left,Right offset - number of pixels to 
rop from the right.8.82 median - Median �lterThis operator 
omputes a two dimensional median �lter of a stru
tural ele-ment over the given image. The stru
tural element 
omes from the se
ondinput.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions- number of sweeps8.83 median3d - Median �lterThis operator 
omputes a two dimensional median �lter of a stru
tural ele-ment over the given image. The stru
tural element 
omes from the se
ondinput.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSRepetitions- number of sweeps
50



8.84 minusabs - Subtra
t imagesThis operator produ
es the image of the absolute value of di�eren
es betweenpixel values of input images.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.85 mlsreg - Moving least squares registration of im-agesThis operator registers two images using 
ontrol points and moving leastsquares method.INPUT1 image:.tif2 image:.tif2 image:.tifOUTPUT1 image:.tifPARAMETERSAlpha - alpha 
oe�
ient,Type - a�ne, similar or rigid.8.86 movl2 - Combine two grays
ale images into one
olor imageThis operator 
ombines two grays
ale images into one 
olor image. The 
olorsfor ea
h input 
an be sele
ted from the list.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tifPARAMETERSColor 1 - 
olor for the �rst input,Color 2 - 
olor for the se
ond input.51



8.87 movl3 - Combine three grays
ale images into one
olor imageThis operator 
ombines three grays
ale images into one 
olor image. The
olors for ea
h input 
an be sele
ted from the list.INPUT1 image:.tif2 image:.tif3 image:.tifOUTPUT1 image:.tifPARAMETERSColor 1 - 
olor for the �rst input,Color 2 - 
olor for the se
ond input,Color 3 - 
olor for the third input.8.88 movl6 - Combine six grays
ale images into one
olor imageThis operator 
ombines six grays
ale images into one 
olor image. The 
olorsfor ea
h input 
an be sele
ted from the list.INPUT1 image:.tif2 image:.tif3 image:.tif4 image:.tif5 image:.tif6 image:.tifOUTPUT1 image:.tifPARAMETERSColor 1 - 
olor for the �rst input,Color 2 - 
olor for the se
ond input,Color 3 - 
olor for the third input,Color 4 - 
olor for the fourth input,Color 5 - 
olor for the �fth input,Color 6 - 
olor for the sixth input. 52



8.89 mpad - Pad the image with a preset number ofpixelsThis operator expands the dimensions of the input image. It adds the givennumber of pixels from the ea
h side of the image.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSUpper offset - number of pixels to add from the top,Lower offset - number of pixels to add from the bottom,Left offset - number of pixels to add from the left,Right offset - number of pixels to add from the right.8.90 mpad3d - Pad the image with a preset number ofpixelsThis operator expands the dimensions of the input image. It adds the givennumber of pixels from the ea
h side of the image.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSUpper offset - number of pixels to add from the top,Lower offset - number of pixels to add from the bottom,Left offset - number of pixels to add from the left,Right offset - number of pixels to add from the right.8.91 msli
e3d - Visualize distan
e mapThis operator visualizes the distan
e image supplied as the �rst input. Theshape des
ription is supplied as the se
ond input. The resulting image 
on-tains equidistan
e surfa
es.INPUT1 image:.tif2 text:.txt 53



OUTPUT1 image:.tifPARAMETERSCell step - the distan
e between surfa
es measured in per 
ent,Dire
tion - the dire
tion in whi
h steps are made to mark 
ontrol points,Shape se
tion - the name of the se
tion in the se
ond input that des
ribesthe shape of the obje
t.8.92 msli
eg
p3d - Find landmarks or 
ontrol points forregistrationThis operator �nds 
ontrol points for registration using the distan
e image.The shape des
ription is supplied as the se
ond input. It works like msli
e3d(see 8.91) but steps are made in one dire
tion to produ
e equidistan
e surfa
esand in the other dire
tion to mark landmarks.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSCell step - the distan
e between surfa
es measured in per 
ent,Dire
tion - the dire
tion in whi
h steps are made,Sli
e dire
tion - the dire
tion in whi
h steps are made,Shape se
tion - the name of the se
tion in the se
ond input that des
ribesthe shape of the obje
t.Cell height - the height of the 
ell measured in per 
ent.Cell width - the width of the 
ell measured in per 
ent.Cell depth - the depth of the 
ell measured in per 
ent.8.93 mul - Multiply two imagesThis operator multiplies ea
h data point in multiplier image by the 
orre-sponding data point in input image and returns the produ
t in the 
orre-sponding data point of the output image.INPUT1 image:.tif 54



2 image:.tifOUTPUT1 image:.tif8.94 mul3d - Multiply two imagesThis operator multiplies ea
h data point in multiplier image by the 
orre-sponding data point in input image and returns the produ
t in the 
orre-sponding data point of the output image.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.95 nplot - Plot 2D graphThis operator produ
es the 2D graph in PNG or XFIG format using gnuplot.The input �le should 
ontain the table of two or more 
olumns one of whi
hrepresents the arguments and the others represent the fun
tion values in
orresponding points. The input �le 
an be generated by ar
plot (see 8.10)or apro (see 8.4) or apron (see 8.5) operator. Several 
olumns 
an be plottedat on
e. Data should be sorted with respe
t to the argument. This operator
an not produ
e the legend but nplot2 (see 8.96) 
an.INPUT1 text:.txtOUTPUT1 image:.pngPARAMETERSX 
olumn - number of the 
olumn with argument,Y 
olumns - the list of 
olumns with fun
tion values,Terminal - XFIG or PNG,Line width - gnuplot option for the line width,Line type - gnuplot option for the line type: lines, points, et
.
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8.96 nplot2 - Plot 2D graphThis operator produ
es the 2D graph in PNG or XFIG format using gnuplot.The input �le should 
ontain the table of two or more 
olumns one of whi
hrepresents the arguments and others represent the fun
tion values at 
orre-sponding points. The input �le 
an be generated by ar
plot (see 8.10) orapro (see 8.4) or apron (see 8.5) operator. Several 
olumns 
an be plottedat on
e. Data should be sorted in respe
t to the argument. This operator
an produ
e the legend.INPUT1 text:.txtOUTPUT1 image:.pngPARAMETERSX 
olumn - number of the 
olumn with argument,Y 
olumns - the list of 
olumns with fun
tion values,Titles - the list of titles, one title for ea
h 
olumn,Terminal - XFIG or PNG,Line width - gnuplot option for the line width,Line type - gnuplot option for the line type: lines, points, et
.,8.97 pad - Pad the imageThis operator expands the dimensions of the input image. It adds the pixelsto the ea
h side of the image. The number of pixels is de�ned in the se
ondinput that 
an be generated by the 
rop (see 8.22) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.98 pad3d - Pad the imageThis operator expands the dimensions of the input image. It adds the pixelsto the ea
h side of the image. The number of pixels is de�ned in the se
ondinput that 
an be generated by the 
rop (see 8.22) operator.56



INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.99 plot_sp - Print the pixel values to the text �leThis operator prints the values of pixels to the text �le. In
rement parameter
n greater than 1 allows to print out only ea
h nth pixel. Fun
tion parameterallows to print the a
tual values (eqn) or the natural logarithm (log) of theintensity.INPUT1 image:.tifOUTPUT1 text:.txtPARAMETERSIn
rement - 
ounter in
rement,Fun
tion - a
tual value or logarithm.8.100 ppix - Print the pixel values along the lineThis operator prints the values of pixels along the line to the text �le. Theline is de�ned as two parametri
 fun
tions: r = ar ∗ t + br for row and
c = ac ∗ t + bc for 
olumn, where parameter t spans the interval [t0, tN ] . These
ond output shows the image with the line superimposed on it.INPUT1 image:.tifOUTPUT1 text:.txt2 image:.tifPARAMETERSa
 - slope of parametri
 fun
tion for 
olumn,b
 - o�set of parametri
 fun
tion for 
olumn,ar - slope of parametri
 fun
tion for row,br - o�set of parametri
 fun
tion for row,t0 - lower limit for parameter,tN - upper limit for parameter. 57



8.101 prutik - Measure two distan
es visuallyThis operator shows the dialog window with the input image in whi
h theuser is allowed to mark two intervals that are then measured in pixels. Themeasurements are print in the output �le.INPUT1 image:.tifOUTPUT1 text:.txt8.102 pump3d - Convert distan
e image into volumeThis operator 
onverts an image into a sta
k using the distan
e map todetermine the z 
oordinate.INPUT1 image:.tifOUTPUT1 image:.tif8.103 pump3d_data - Convert distan
e image into vol-ume with dataThis operator 
onverts an image into a sta
k using the distan
e map todetermine the z 
oordinate. It also set the intensities in the sta
k a

ordingthe se
ond input.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.104 qu3d - Add quantitative data from another 
han-nelThis operator adds the quantitative data from another 
hannel to the initial-ized storage. The image to extra
t data from is passed as the �rst input. These
ond input should 
ontain the binary obje
t mask. The initialized storage58



is supplied in the third input. The storage is initialized by the qu3dinit(see 8.106) operator.INPUT1 image:.tif2 image:.tif3 text:.txtOUTPUT1 text:.txtPARAMETERSConne
tivity - 6 or 26,Tag - String identi�er for this 
hannel.8.105 qu3d2
sv - Convert quantitative information toCSV formatThis operator 
onverts the quantitative data to CSV format.INPUT1 text:.txtOUTPUT1 text:.txt8.106 qu3dinit - Initialize storage for quantitative dataThis operator initializes the storage and adds the quantitative data from one
hannel. The image to extra
t data from is passed as the �rst input. These
ond input should 
ontain the binary obje
t mask.INPUT1 image:.tif2 image:.tifOUTPUT1 text:.txtPARAMETERSConne
tivity - 6 or 26,Tag - String identi�er for this 
hannel.
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8.107 qu3dtrans - Initialize storage for quantitative dataThis operator �lters the list of the obje
ts and transforms their 
oordinates.The se
ond input should 
ontain the des
ription of the shape of the obje
tmask.INPUT1 text:.txt2 text:.txtOUTPUT1 text:.txtPARAMETERSShape se
tion - the name of the se
tion that des
ribes the shape of themask,Per
ent - if set 
oordinates are 
onverted to the per 
ent,Center - if set 
oordinates are shifted to the 
enter,Min Volume - minimal number of pixels in the obje
t,Max Volume - maximal number of pixels in the obje
t.8.108 qumap3d - Paint the mask with quantitative dataThis operator paints the binary mask with the intensities from quantitativedata. The se
ond input should 
ontain the quantitative data produ
ed bythe qu3dinit (see 8.106) or the qu3d (see 8.104) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSConne
tivity - 6 or 26,Channel - String identi�er of the 
hannel,Index - The number starting from zero that determines the quantity in thelist of measurements. Usually 0 means mean value, 1 - variation, 2 - standarddeviation, 3 - maximum, 4 - minimum and 5 - median.
60



8.109 qumark3d - Paint the mask with quantitative dataThis operator 
ollapses the islands of bright pixels in the binary image toexa
tly one pixel. It is used to re�ne the landmarks for registration withmlsreg (see 8.85) operator.INPUT1 image:.tifOUTPUT1 image:.tif8.110 qurelabel - Relabel obje
ts after the registrationof the maskThis operator labels ea
h obje
t in the registered mask with its index in theunregistered mask. Thus it is possible to 
ompare quantitative data extra
tedfrom di�erent images using the same mask registered to these images. Theunregistered mask is supplied in the �rst input as binary image. The reg-istered mask is supplied in the se
ond input as the output of the qu3dinit(see 8.106) operator. The third input should 
ontain the landmark of theregistered image, and the forth input should 
ontain the landmarks of theunregistered mask.INPUT1 image:.tif2 text:.txt3 image:.tif4 image:.tifOUTPUT2 text:.txtPARAMETERSAlpha - alpha 
oe�
ient,Type - a�ne, similar or rigid,Conne
tivity - 6 or 26.8.111 raw - Make ti� from rawThis operator reads raw image and writes it in ti� format.INPUT1 image:.tif 61



OUTPUT1 image:.tifPARAMETERSColumns - number of 
olumns in the image,Rows - number of rows in the image,Bps - number of bits per pixel.8.112 re
3dbp - Morphologi
al re
onstru
tionThis operator performs morphologi
al re
onstru
tion of the sta
k from themarker image. The spe
i�ed plane of the sta
k is 
ompared to the markerimage.INPUT1 image:.tif2 marker:.tifOUTPUT1 image:.tifPARAMETERSConne
tivity - 6 or 26,Plane - the plane of the sta
k to 
ompare.8.113 re
onstru
t - Morphologi
al re
onstru
tionThis operator performs morphologi
al re
onstru
tion of the image from themarker image.INPUT1 image:.tif2 marker:.tifOUTPUT1 image:.tif8.114 re
onstru
t3d - Morphologi
al re
onstru
tionThis operator performs morphologi
al re
onstru
tion of the image from themarker image.INPUT1 image:.tif2 marker:.tif 62



OUTPUT1 image:.tif8.115 regmax - Regional maximaThis operator �nds regional maxima.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSMinimal number of pixels - Minimal number of pixels in the obje
t,Maximal number of pixels - Maximal number of pixels in the obje
t,Minimal number of blobs - Minimal number of obje
ts,Conne
tivity - 4 or 8.8.116 regmin - Regional minimaThis operator �nds regional minima.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSMinimal number of pixels - Minimal number of pixels in the obje
t,Maximal number of pixels - Maximal number of pixels in the obje
t,Minimal number of blobs - Minimal number of obje
ts,Conne
tivity - 4 or 8.8.117 resta
k3d - Remove planes from the sta
kThis operator removes planes from the sta
k with the spe
i�ed step.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSStep - planes are removed with this step.63



8.118 rev
ol - Reverse 
olumnsThis operator reverses 
olumns in the image. Thus the leftmost pixel in ea
hrow be
omes the rightmost one and so on.INPUT1 image:.tifOUTPUT1 image:.tif8.119 rev
ol3d - Reverse 
olumnsThis operator reverses 
olumns in the image. Thus the leftmost pixel in ea
hrow be
omes the rightmost one and so on.INPUT1 image:.tifOUTPUT1 image:.tif8.120 revrow - Reverse rowsThis operator reverses rows in the image. Thus the uppermost pixel in ea
h
olumn be
omes the lowest and so on.INPUT1 image:.tifOUTPUT1 image:.tif8.121 revrow3d - Reverse rowsThis operator reverses rows in the image. Thus the uppermost pixel in ea
h
olumn be
omes the lowest and so on.INPUT1 image:.tifOUTPUT1 image:.tif
64



8.122 robel - Produ
e the image of round stripThis operator produ
es the image of round strip that in
ludes all blobs fromthe se
ond input. The �rst input is used to determine the 
enter of polar
oordinates. The third input 
ontains the list of points in polar 
oordinatesthat determine the inner and outer borders of the round strip. This �le 
anbe generated by the ropri (see 8.125) operator. The pixel in the outputimage is "on" if it is "on" in the se
ond input and its 
oordinates belong tothe round strip.INPUT1 image:.tif2 image:.tif3 text:.txtOUTPUT1 image:.tif8.123 rogri - Divide the image into se
torsThis operator divides the image from the se
ond input into se
tors. Thepixels are swit
hed o� in the output if their polar angle is 
loser than theprede�ned value (A

ura
y) to the se
tor delimiter.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tifPARAMETERSNumber of bins - number of se
tors to produ
e,A

ura
y8.124 ropol - Print the pixel valuesThis operator prints the pixel values from the third input to the text �le inpolar 
oordinates. The 
enter of the 
oordinate system is 
al
ulated fromthe �rst input. The se
ond input is used as the mask. Fun
tion parameterallows to print the a
tual values (eqn) or the natural logarithm (log) of theintensity. 65



INPUT1 image:.tif2 image:.tif3 image:.tifOUTPUT1 text:.txtPARAMETERSFun
tion - the a
tual value (eqn) or the natural logarithm (log).8.125 ropri - Print the landmarks of the borders of theround stripThis operator 
al
ulates the list of points in polar 
oordinates that determinesthe inner and outer borders of the round strip. The 
enter of the polar
oordinates is 
al
ulated from the �rst input. The se
ond input is the listof blobs with polar 
oordinates of 
entroids that 
an be 
al
ulated by theblo2pol (see 8.13) operator. The output is sorted with respe
t to the polarangle.INPUT1 image:.tif2 text:.txtOUTPUT1 text:.txt8.126 rotate - Cal
ulate the rotation angleThis operator 
omputes the rotation angle using invariant moments and ro-tates the image. The text �le with 
al
ulated angle is the se
ond output.INPUT1 image:.tifOUTPUT1 image:.tif2 text:.txt8.127 rv3d - Rotate the sta
k around the verti
al axisThis operator rotates the sta
k around the verti
al axis in the dire
tion op-posite to that used in the lv3d (see 8.71) operator.66



INPUT1 image:.tifOUTPUT1 image:.tif8.128 save - Save �leThis operator saves an input �le in the server "publi
" folder with assignedname.INPUT1 image:.tif8.129 setp - Set one plane in the sta
kThis operator sets one plane in the sta
k from the se
ond input.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSPlane - the plane to set.8.130 shape - Chara
terize the shapeThis operator outputs the des
ription of the shape.INPUT1 image:.tifOUTPUT1 image:.tif8.131 shape3d - Chara
terize the shapeThis operator outputs the des
ription of the shape.INPUT1 image:.tifOUTPUT1 image:.tif 67



PARAMETERSConne
tivity - 6 or 26.8.132 shrink - Shrink image via pixel subsamplingThis operator redu
es the size of the input image using pixel subsampling.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSS
ale - the s
aling fa
tor from 0 to 1.8.133 shrink3d - Shrink image via pixel subsamplingThis operator redu
es the size of the input image using pixel subsampling.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSS
ale - the s
aling fa
tor from 0 to 1.8.134 solo - Extra
t quantitative informationThis operator 
al
ulates the given statisti
al estimator of pixel intensities forea
h blob, listed in the �rst input that 
an be generated by the blob opera-tor. The statisti
al estimators are 
al
ulated for ea
h of �ve input images �
hannels (inputs 2 � 6). They are pla
ed in the 
orresponding 
olumn of theoutput �le. The mean value, median value, maximum, minimum, number ofpixels, variation or standard deviation 
an be 
al
ulated for blobs (nu
lear),their surroundings (outnu
) and the union of them (energid). The ratio ofvarian
es in pixel values between and within these two 
lasses (varb
) 
anbe 
al
ulated if outnu
 is sele
ted as the Mask parameter for this 
hannel.INPUT1 text:.txt2 image:.tif3 image:.tif 68



4 image:.tif5 image:.tif6 image:.tifOUTPUT1 text:.txtPARAMETERSThe following parameters are de�ned for ea
h of �ve input 
hannels:Mask - nu
lear, energid or outnu
,Stat - mean, median, max, min, stdev, var, area or varb
,P - one letter label.8.135 splitlsm - Write ea
h 
olor in the separate �leThis operator splits the input 
olor image into three grays
ale images, onefor ea
h 
olor 
hannel.INPUT1 image:.tifOUTPUT1 image:.tif2 image:.tif3 image:.tif8.136 splitrgb - Write ea
h 
olor in the separate �leThis operator splits the input 
olor image into three grays
ale images, onefor ea
h 
olor 
hannel.INPUT1 image:.tifOUTPUT1 image:.tif2 image:.tif3 image:.tif8.137 ssele
t - Sele
t obje
ts a

ording to the shapeThis operator �lters obje
ts in the binary image a

ording to the shape.The template is provided in the se
ond input as the binary image. The
omparison is insensitive to the rotation, translation and s
aling.69



INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tifPARAMETERSMax segment - maximal number of pixels in the obje
t,Min segment - minimal number of pixels in the obje
t,Rule - a

ept or reje
t,Criterion - maximal allowed error,Conne
tivity - 4 or 8.8.138 ssele
t3d - Sele
t obje
ts a

ording to the shapeThis operator �lters obje
ts in the binary image a

ording to the shape.The template is provided in the se
ond input as the binary image. The
omparison is insensitive to the rotation, translation and s
aling.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tifPARAMETERSMax segment - maximal number of pixels in the obje
t,Min segment - minimal number of pixels in the obje
t,Rule - a

ept or reje
t,Criterion - maximal allowed error,Conne
tivity - 6 or 26.8.139 strel - Stru
tural elementThis operator generates a stru
tural element �le.INPUT0 OUTPUT1 text:.txtPARAMETERSWindow width - in pixels, 70



Window height - in pixels,Shape - disk or square.8.140 strel3d - Stru
tural elementThis operator generates a stru
tural element �le.INPUT0 OUTPUT1 text:.txtPARAMETERSWindow width - in pixels,Window height - in pixels,Window depth - in pixels,Shape - disk or square,Shape - disk or square.8.141 strel3dw - Stru
tural elementThis operator generates a stru
tural element �le.INPUT0 OUTPUT1 text:.txtPARAMETERSWindow width - in pixels,Window height - in pixels,Window depth - in pixels,Window wall - in pixels,Shape - disk or square,Shape - disk or square.8.142 surf2vol - Draw triangulated surfa
eThis operator draws triangulated surfa
e.INPUT1 text:.txtOUTPUT1 image:.tif 71



8.143 surf3d - Produ
e triangulated surfa
eThis operator produ
es triangulated surfa
e.INPUT1 image:.tifOUTPUT1 text:.txtPARAMETERSS
ale 
olumn - horizontal s
ale,S
ale row - verti
al s
ale,S
ale plane - s
ale in z dire
tion,Maximal penalty of edge removal - for surfa
e re�nement,Minimal angle - for surfa
e re�nement,Format - vtk, oogl, ooglb or gts.8.144 surf3dfull - Produ
e triangulated surfa
e with full
ontrolThis operator produ
es triangulated surfa
e.INPUT1 image:.tifOUTPUT1 text:.txtPARAMETERSS
ale 
olumn - horizontal s
ale,S
ale row - verti
al s
ale,S
ale plane - s
ale in z dire
tion,Maximal penalty of edge removal - for surfa
e re�nement,Minimal angle - for surfa
e re�nement,Format - vtk, oogl, ooglb or gts,Step x - in pixels,Step y - in pixels,Step z - in pixels,Fun
tion - 
artesian, tetra, tetra_bounded or tetra_b
l.
72



8.145 threshb - Threshold pixel values in ea
h blobThis operator generates a binary image by thresholding the input image.Pixel values greater than the 
uto� value are set to 255 in the output image.Pixel values less or equal to the 
uto� are set to 0. The 
uto� value is
al
ulated by Otsu's method in ea
h blob 
ontained in the se
ond input.Otsu's method 
hooses the threshold to minimize the intra
lass varian
e ofbla
k and white pixels [3℄.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.146 threshold - Threshold pixel valuesThis operator generates a binary image by thresholding the input image.Pixel values greater than the 
uto� value are set to 255 in the output image.Pixel values less or equal to the 
uto� are set to 0. The 
uto� value 
anbe spe
i�ed by a user or 
al
ulated by Otsu's method, whi
h 
hooses thethreshold to minimize the intra
lass varian
e of bla
k and white pixels [3℄.Se
ond output gives the a
tual threshold used.INPUT1 image:.tifOUTPUT1 image:.tif2 text:.txtPARAMETERSThreshold level - the threshold value,Method - plain or otsu,Pro
ess? - do a
tual transformation or not.8.147 threshold3d - Threshold pixel valuesThis operator generates a binary image by thresholding the input image.Pixel values greater than the 
uto� value are set to 255 in the output image.Pixel values less or equal to the 
uto� are set to 0. The 
uto� value 
anbe spe
i�ed by a user or 
al
ulated by Otsu's method, whi
h 
hooses the73



threshold to minimize the intra
lass varian
e of bla
k and white pixels [3℄.Se
ond output gives the a
tual threshold used.INPUT1 image:.tifOUTPUT1 image:.tif2 text:.txtPARAMETERSThreshold level - the threshold value,Method - plain or otsu,Pro
ess? - do a
tual transformation or not.8.148 turn - Rotate image on given angleThis operator rotates image to a given angle (se
ond input) that 
an be
al
ulated by the rotate (see 8.126) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.149 turn3d - Rotate image on given angleThis operator rotates image to a given angle (se
ond input) that 
an be
al
ulated by the rotate (see 8.126) operator.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tif8.150 tv3d - Rotate the sta
k around the horizontal axisThis operator rotates the sta
k around the horizontal axis.INPUT1 image:.tifOUTPUT 74



1 image:.tif8.151 vavg - Average images pixel by pixelThis operator averages two images pixel by pixel.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.152 vmabs - Subtra
t imagesThis operator produ
es the image of the absolute value of di�eren
es betweenpixel values of input images.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.153 vmax - Pixel by pixel maximum of two imagesThis operator 
omputes pixel by pixel maximum of two input images.INPUT1 image:.tif2 image:.tifOUTPUT1 image:.tif8.154 vrgb - Combine three grays
ale images into one
olor imageThis operator 
ombines three grays
ale images into one 
olor image.INPUT1 image:.tif2 image:.tif 75



3 image:.tifOUTPUT1 image:.tif8.155 vrmbg - Remove ba
kground signalThis operator removes ba
kground signal form the image. Ba
kground isto be estimated quantitatively and its mean and standard deviation is to bepresent in the appropriate se
tion in the se
ond input. The value <Bgr mean
oe�>*<bgr mean> + <bgr stdev 
oe�>*<bgr stdev> is subtra
ted fromea
h pixel.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSBgr mean 
oeff - the 
oe�
ient for the mean value of ba
kground signal,Bgr se
tion - the se
tion with measurements in the se
ond input,Bgr stdev 
oeff - the 
oe�
ient for the standard deviation,Bgr data - the string identi�er for the measurements.8.156 vrmbg_1 - Remove ba
kground signalThis operator removes ba
kground signal form the image. The mean andstandard deviation of it is to be provided by the user. The value <Bgr mean
oe�>*<bgr mean> + <bgr stdev 
oe�>*<bgr stdev> is subtra
ted fromea
h pixel.INPUT1 image:.tif2 text:.txtOUTPUT1 image:.tifPARAMETERSBgr mean 
oeff - the 
oe�
ient for the mean value of ba
kground signal,Bgr mean - the mean value of ba
kground signal,Bgr stdev 
oeff - the 
oe�
ient for the standard deviation,Bgr stdev - the standard deviation. 76



8.157 vstrel - Convert stru
tural element to the imageThis operator 
onvert stru
tural element to the image.INPUT1 text:.txtOUTPUT1 image:.tif8.158 vstrel3d - Convert stru
tural element to the im-ageThis operator 
onvert stru
tural element to the image.INPUT1 text:.txtOUTPUT1 image:.tif8.159 vtxt - Convert the sta
k to text �leThis operator 
onverts the binary image sta
k to the text �le.INPUT1 image:.tifOUTPUT1 text:.txtPARAMETERSFormat - XYZ or VRML,Conne
tivity - 6 or 26.8.160 vvarb
3d - Cal
ulates the ratio of varian
esThis operator 
al
ulates the ratio of varian
ies of pixel values in the imagebetween and within two 
lasses. The pixels of the �rst 
lass belong to blobs,the se
ond 
lass in
ludes all the pixels that belong to surroundings. Theinput is the list of blobs and 
an be 
al
ulated by the qu3dinit (see 8.106)operator.INPUT1 text:.txtOUTPUT 77



1 text:.txtPARAMETERSOutput se
tion - the name of the output se
tion,Class 1 se
tion - the name of the se
tion that des
ribes �rst 
lass,Class 1 data - the string identi�er of the data that des
ribes �rst 
lass,Class 2 se
tion - the name of the se
tion that des
ribes se
ond 
lass,Class 2 data - the string identi�er of the data that des
ribes se
ond 
lass.8.161 zs
ale3d - S
ale the sta
k in z dire
tionThis operator s
ales the sta
k in z dire
tion.INPUT1 image:.tifOUTPUT1 image:.tifPARAMETERSS
ale - the s
ale.Referen
es[1℄ T. Crimmins. The geometri
 �lter for spe
kle redu
tion. Applied Opti
s,1985.[2℄ R.C. Gonzalez and R.E. Woods. Digital image pro
essing. Prenti
e-HallIn
., 2002.[3℄ N. Otsu. A threshold sele
tion method from gray-level histograms. IEEETransa
tions Systems, Man. and Cyberneti
s, 1979.[4℄ P. Perona and J. Malik. S
ale-spa
e and edge dete
tion using anisotropi
di�usion. IEEE Trans. Pattern Anal. Ma
hine Intell., 1990.[5℄ J. Shen and S. Castan. Further results on drf method for edge dete
tion.In 9th I.C.P.R.[6℄ J. Shen and S. Castan. An optimal linear operator for step edge dete
tion.CVGIP: Graphi
al Models and Understanding, 1992.78
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