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Introduction : NRecon in a nutshell

SkyScan NRecon package usedto reconstruct crossection images from tomography
projection imagesmainly the conebeam Xray projecions. The algorithmimplementeds
the Feldkamp algorithmThe native SkyScardata are recognized automatically. This
program caralso reconstruchon-native tomographylata, if thefile format and file nanmse
follow the conventionsdescribedin chapter 3 and acorrespondinglog file is created
following the instruction described hapter 4

The program is provided together witthelp file with detailed information ohnowto use the
software. This additional document serves as a manual for quick startup, and it overlaps
largely withthe online help. There are also a number of related technical notes available upon
request.

The reconstruction software packagensists of 2 programsthe user interface program
NRecon and the reconstrigt engineNReconServerThe two programs can rugitheron
the same computer @n a cluster of computer3'he communication between NRecamda
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NReconSergr uses a clienserver mode{a common port)If windows firewall is enabled,

you will be asked to unblock it for the server progradata are shared amotige PCs using
shared directory via networkplease make sure that all PCs involved have access to both
input and output directories.

A typicd configuration (see Figure 1) is a combination of 1 host computer and N
(N=1,2,3,4,....) reconstruction nodes casfiguration 1shownbelow. Or,you can run it asn
configuration 2 with or without extra node PCddeally, the node PCs should begh
definition: dual (or more)processors, large RAM (minimum 1GB §Kx8K reconstruction
will be performed), fast FSB, minimum 40GB hard disk (excluding data stora§&x8K
reconstruction will be performed.

Host PC
Nrecon + daia Host +Node PC':

Nreeon

NReconServer

) 4
Gigabit network switch (10/100/1000)

& & & Fy
h 4 h 4 h 4 h 4
Node PC Node PC Node PC Node PC: i\wft\?di&?( :
NReconServer || NReconServer || NReconServer || NReconServer ANSECOiocTYCS:
Configuration 1 Configuration 2

Figurel Typical layouts of NRecon/NReconServer
Chapter 1 Installation, configuration and license

It is rather straightforward to install and configutee reconstruction programdRecon:
simply copy the programs to your destination folder. More details can be found in the
installationguidewhich is part of the online help.

The programs run under Windows operating systemsi32nd 64bit). It is important to
install the 64bit server program on a @it computer to ensure maximum performance. For
the user interface program NRecamly 32-bit version is provided, which runs on both- 32
bit and 64bit systems.

There are 2 versions of NRecon/NRecon8eravailable: the local and distributed/cluster
version. The local version is free.
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The local/free version: please downloadnd instalithe local NRecon/NReconServerhere
is no limitation in functionality. As the name suggests, both programs lmaventon the
same computerfFor each NRecon, only one server can be connected to.

Thedistributed/cluster versionyou need a license to run this copy.o apply for a license,
pleasenote down the product ID (found in menu Helpbout NRecon ...; oin the warning
message when no license or an invalid license is found by a distributed version), and send the
ID together with a user name and your institution/company name to your distributor or to
SkyScanMore information can be found on our websligp://www.skyscan.he

To install license:the NRecon.lic has to be in the same directory as NRecon.exe. By the first
startup, you need to fill in thproduct ID, name and company name exactly as you received
from SkySan (casesensitive; please use coppdpaste to avoid typingerrors).

Chapter 2 General layoutand usageof the software

If you have a local version, just start up NRecon: the server program will be started up
automatically if it was not yet on. You may skif 2vhich is specific for distributed/cluster
version.

The NReconServer(local) will only accept connection requested by NRecon running on the
same computer.

In case of multuser environmentt is recommended to run only one copy of the server
program athe same timethe computation resources are used more optimally.

2.1 Start the cluster reconstruction program and the cliertserver connections

In generalthe server program should be started first, bus ihot strictly necessaryif
you exit the server program, turn off one of the emd&Cs or unplug one of the network
cables while NRecon is on and connect&Recon will be informed and show the status
correctly. However, if you start up a server program while NRecon is already on, you need to
re-establish the connection.

Neither NRecon nor NReconServallows more than one copy running on the same
computer. In case of multuser workstation (multiple users can log on simultaneously), only
one copy of the server program can be started at a fixedyolder: it is then recommended
to install the server program only on one (common) account, so that you do not have to worry
about different port number or multiple instances of the server program on a single machine.

The server only "serves” one NRacat one time (the active clienbut it does hold a
numbered waiting list and it will inform all connections (the connected NRecon
programs)vhenevethis status changes.An active client gives up its "privilege" only when
it disconnects from the sexk, and the first waiting client will be promoted to be the active
client. In case of multiple NRecon instances, communication among the users may be
required to use the limited computer resource efficierfilgr a smooth operation in a multi
user enviroment, it is recommended to disconnect the servers whenever they are not needed
any more.


http://www.skyscan.be/
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2.2 Layout and walk around

Figure 2 shows the typical@pearance of NRecon and NReconSeriétle explanation is
needed for NReconServer: only the communication port number and the number of threads

can be altered by the users. The port number should be the same as that used in NRecon

(default to 1) and wslly does not require modification. The number of threads influences
reconstruction speed. The layout of NRecon is more complicated.

LR e
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Figure2 Typical appearance of NRecon + NReconServer: the local version

There are a fewindowson the application windowof NRecon The main dis@y where
the images are showthe reconstructiorwindow which hosts a few pagkabs (start,
settings, advanced, output, summaly) reconstruction purposebe connectionwindow
which shows thestatus and progress of all servers, the celimdow which allows you to
view the images in the main display in different color and sdakeept the main display, all
other windows are soalled dockable windows: you can drag them out of the main window
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or dock them differently than they are shown here. You may customize the appearance of
NRecon to your taste and convenience like most windows programs: the last used layout will
be saved and loaded automatically at next startdpu canalso show/hide lhese dockable
windows by closing the individual windows or via tYiEewmenu

Since there is only one display area, a few display modes are naewation mode,
alignment mode, preview mode, image mode and idle mddwse display modes are
couplal to the different pagéabson the reconstruction windown other words, switching
from one display mode to another is done by switching from one page to another on the
reconstruction window.

The color windowis also coupled to thdisplay mods, i.e, each display mode has got its
own settings for display.

A general scenario of reconstruction is the following: after loading a ddtd#eton will be

set at the&Startpageandthe display will be in the navigatianode, where the projections can

be viewed; go to th&ettingspageto check the parameters, usually the display will be in
navigation mode to allow you to check the alignment; go back t@thd page to do a
preview; NRecongoes automatically to th®utput page after reconstructing a slice for
previewing, the display will be set at previewing mode, and you can modify the parameters
concerning final output image; You may go tAevancedpage for further parameters
adjustment, or to thé&Summarypage to view the scan parameters and reconstruction
parameters; once all parameters are set, go bastatbpage to start the full reconstruction

or send the reconstruction task to the batch manager.

The sections below will give more details time differentpages on the reconstruction
window and the batch manager.

2.2.1 TheStartpage

This is the default page when a dataset is loaded, if neapgetment is set automatically at
loading time.

This window/page offers possibility to select axial reconstruction range, to start a
reconstruction oto submit a batch job. It is coupled to the main display: setting this page
active will set the main dplay tonavigation modén which a shadow image will be shown.

Figure2 is a snapshot takemhen this page is set activéo view other shadow imagegmu

can clickon the up/down arrows ¥ | Pi027s |a on the toolbar or invoke a popup
window by clicking on the second button

The green lin@n the main displain the navigation modmdicates the slice for previewing.
The darkred lines indicatethe slice range for volume reconstructiofihese lines can be
dragged to a desired locatigleft mouse button)The correspondinglice numbers are also
shown on the start page, and can be altered from there adbyvelther editing or scrolling
Please note, this range indication is only a rogglde due to the conbeam geometry.
Therefore, one should foresee a safe margidooa preview to confirm when selecting the
slices.
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The functions provided on ti&tartpage are described here.
U Preview:

This function is provided to adjust the various parameters. It basically reconstructs one slice
of choice.To change the slicen which a preview reconstruction will be performed, you can
drag on the green line with mouse move, use the spin button, or simply type in a slice
number.

In preview mode, only the parametst®wnon settings/advanced pagell be taken into
accaunt, while the parameters shown Qutput option pagevill be ignored silently. For
example, the regieof-interest option is ignored so that you can draw ROI on the full
preview image. When previewreconstructionfinishes, theOutput option pagewill be
automatically set active, offering you the chance to modify a few output pararueténe
final results such as the dynamic image range, output format, scales, color and etc.

The major aim of previewing to help you adjust parametergou canalways switch back
and forth between the pages to adjust them. To help you associate the parameters with result,
the slice number (e.gPrv 0514)is shown on the status bar whenever the preview image is
in display. If any change occurs which might resid different image quality, a * will be
shown (e.g., Prv 0514).

U Fine tuning:

A few reconstruction parameters have to be adjusted manually inraadgrror fashion
using the preview function. It requgguite some effort to save the previawages, view
them and then make a decision. The “fineing" function is designed to make this
adjustment somewhat easier by launching a seriepr@fiews. You may adjust one
parameter at a time, while keeping all other parameters fikethis way,you may tune 4
parameters: postlignment, bearmardening correction, ringrtifacts correction level and
smoothing level

Figure3 shows the popup wdow appearingipon clicking on thdine-tunebutton. You may
choose the parameter to tune, and the parameter values are given such thatcivetp rac

on the current value (the valid range of the parameters are taken into account as well) with
given gep size. Once you have set this, you can cliclStartto start a series of preview
reconstructions.
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Parameter fine-tuning

Tune a parameter by trial reconstructions
&af
i® Post-alignment (-0.5)

(" Beam-hardening correction (0)

Cancel |

(" Ring-artifacts reduction (7)

~
Mumber of 5 =
Parameter step: 1.0

Figure3 Finetune window

Once the preview reconstructions are done, you may us ¥ - “* buttonson the toolbar
to scroll. The parameter is adjusted automatically when you scholbther words, simply
concentrating on the images until you find a satisfied one, and théufimgy function is
done. In case of doubt on the consistency, there is text informatidimeatopright of the
image, indicating which preview you are viewing; or go to $®dtingspage, switch the
alignment image off, and you will be able to view the preview image and observe how the
parameter updates while scrollindf, accidentally omot, you have changed any parameter
which does not correspond to any of the preview images, a * will be shown Rng(Q514)
on the toolbar, just as in the normal preview case.

U Start

Obviously, this is the buttoto starta reconstruction. It checks for disk sufficiency and
whether you want to overwrite files if there are already there.

When the first resulting image is available on the disk, it will be load¢gimaticallyand
the Overview pagewill be set activeshowing the first reconsatcted slice inmage mode

Same as imavigation modeyou may walk through the resulting images by using 1 ¥,

“\ buttons. Please note that the images may appeasewrentially due to work division
among multithreads and muktomputers.

0  Add to bach
Instead of reconstructing the volume immediately, you can send the reconstruction task to
the batch manager. You can start the batch jobs B¢etion 2.3.%has more details about the

batch processing.

2.2.2 The Settingsand Advancedpage



SkyScan NRecon user manuj 2011

There are two windows/pages for reconstruction parameters. These two windows offer
possibility to diange reconstruction parametéwss the current datasefThe most frequently

used parameters are put in pa&gtings and other more adnced parameters are grouped
together in pagé@dvanced

The Settingspage can be coupled to the main display ways: alignment modepreview

mode or navigation mode The alignment modeavill be switched on if both the pest
alignment option and the st option arechecked; otherwise thepreview mode(if
previewing image is available) or the navigation mailebe switched on. You may switch
between two modes by check/uncheck the show option: convenient when you are adjusting
parameters by looking #te existing preview image.

The Settingspage is set automatically active after loading if the jpighment options
checked.Figure4 shows the settings page with alignment display modhbis display mode

is switched on when both the padignment option and the show option are checked. The
image shown in display is theverlaid image (alphalending) of 2 shadow images at
opposite positions (180 degrees apa@ne of the 2 images is flipped. The intention of this
option is to help you choose the correct alignment value at the first stage. However, the 2
images may ditfr a lot due to the codseam geometry and different magnification factors.
Therefore, it is always recommended to use the previewing choose tradigostent value.

The initial/default posalignment value is estimated at loadtirge. Instead ofcompaing the

original conebeam projectionswe compargpseudeparallel projections obtained from the
conebeam projections at 0 and 180 degrees. Only the central portion of the projections are
used (you may change the portion of data used forgigstment n Preference$. If you
interrupt/cancel the rebinning, the original version as described above will be used instead.

The profilingfunctionis partially enabled: clicking ol BV will show you 2 curves (profiles
along the central horizontal line, averagesiothe full vertical length) Together withthe
profiles, theoverlaid image provides a rather interactive way of adjusting theatigatment
value.
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Figure4 The Settings page with alignment display mode. The profile window is also visible

Figure5 shows theAdvancedgage coupled with navigation displayde.
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Figure5 The Advanced page with navigation display mode

When loading a dataset, the default value of each parameter is determined in various ways.
Firstly,a few parameters (recommended bédwmardening correction, recommemnddiU
calibration factor) are read from the corresponding configuration file companying each
dataset if any, and the default paignmentvalue is calculated if applicable. The static
crosssection rotation and output image format are also assigned exgctodthesettings in
Options>Preferences Secondlyan attempt is made to search for a matching entry in the
batchmanager If a matching entry is found, the parameters in the batahagemwill be

loaded exactly as they are and you will be asked if you want the entry in the batch file to be
removed or not.If no matching entry is found in the batotanageran attempt is made to

search the corresponding log file (<dataset>.log) for prelyoused parameters. They are
loaded if found.




































