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ABSTRACT

This paper deals with the CT scanner images quadityrol, which is an important part of the qualigntrol process of
the CT scanner, which consists of making measuremaemages of dedicated phantoms.

Standard methods consist of scan explorations afifpims that contain different specific pattérhsThese methods rely
on manual measurements with graphics tools in spoeding images (density, position, length...) oroedtic
measurements developed in softwarkthat use some masks to determine the region erfdsit (ROI). The problem of
these masks is that they may produce wrong reisuttase of misalignment of the phantom.

We propose a new method that consists, firstlyesetbping software tools that are capable of perfiog an automated
analysis of CT images of three standard phantorA®’L, GEMS and CATPHANG00, in terms of slice thickness,
spatial resolution, low and high level contrastiseoand uniformity. The method we have developedoispletely
automatic because it uses some protocols and spes@gments in the images to automatically detieetposition and
the size of the ROI. Secondly, to test the perfanrea of our software tools, we develop two digithhntoms which
reproduce the exact geometry and composition ofptingsical phantoms, i.e. some perfect CT imageshefreal
phantoms, and a complete set of distorted dighahpoms which represent the “perfect” phantom distbby noise and
blur calibrated functions to test the performanmiesur automated analysis software.

Keywords: ALG, CT, METR.

1. INTRODUCTION

The main goal of a medical imaging system is todpoe images in order to provide more accurate tfiraedd cost
effective diagnosis. Producing an image involve ynalectronic components and massive amounts of gtatzessing,
which affects the quality of images being produead makes the purpose of these images harder tevacihus,
image quality control is crucial to ensure a safé efficient diagnosis and treatment of diseases.

Standard methods consist of scan explorations aififaims that contain different specific pattérhsThese methods rely
on manual measurements with graphics tools in sporeding images (density, position, length...) oroedtic
measurements developed in softwarkhat use some masks to determine the region exfast (ROI) for quantization

In this article we concentrate on the physical asp&CT image quality, and we describe a softvtaed is capable of
performing an automatic CT image quality controloider to make faster more precise, objective amdptete, the
process of CT image quality control.

2. MATERIALS AND METHODS
2.1 The phantoms or Physical Tests-Objects (PTO)

Physical Test-Objects are used for the purpose=aidiration and evaluation of the performance of &€&nners. The
software we have developed performs an automatedysis of images of three phantoms, CARGEMS and
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CATPHANG0C used for the quality control of the CT scanneredéhobjects contain specific metallic or plastitgyas
included in a soft tissue equivalent envelop, ideorto obtain images that offer the possibilitycohtrolling different
parameters.

The LAP phantom allow to compare the reference point efléser skin marking system with the referencehef@T
scanner when it is used for radiation therapy a&pfibns. It contains a 3cm thick plaque of acrydith several slots on
each of its sides: 1 longitudinal transverse dlanterior slot and 2 lateral frontal slots (Cfuie 7). Frontal and lateral
Laser misalignments are then calculated basedepdkitions of these slots in the correspondingyesaEach slot is 3
mm wide. The slice thickness for the CT examinatiérihe phantom is 1mm or less and the slice digtda 1 mm.
Theses distances are chosen to facilitate the sendly theory, we obtain two types of images asavesee in figure 1,
one with slots and the other one without slot beeatle slice is in the transverse slot. By obsgrtire number of
images of each type we can calculate the misalighmeZ direction, i.e. in feet to head direction.

Figure 1. Two images issued from LAP phantom, itst éne outside of the transverse slot and thersémside of the slot.

The phantom GEMSis used to make a daily control of the CT scarimage quality. It has three main sections as
shown in figure 2. The first is composed from a 2mek plaque of acrylic fixed inside of a waterlinger of 15cm
diameter. This plaque contains different slots nizred in 6 pattern groups, characterized by theewifislots and gaps
in between. The second section is composed fromlgegter thin (1mm) plate with 5 circular holes lwidifferent
diameters, while the third part is a uniform zoitled with water.

Figure 2. Three images issued from GEMS phantoenfitt (left) to control slice thickness, alignniespatial resolution;
the second (center) to control the contrast andhiing (right) to control geometric distortions,is@ and uniformity.

The phantom CATPHANG00is designed to allow the assessment of differavetgie quality parameters in a more
detailed and precise way than the GEMS phantoneXample. The phantom is used during the acceptahttee CT
and the monthly controls. It is composed from feeetions (Figure 3):

» CTP404 is composed from three parts. The intgyadl| designed to test the practical volume artgfaenomena with
five acrylic spheres of different diameters. Theas®l part of the CTP404 section used to estimateslioe thickness
and misalignment errors, contains two pairs of @B& ramps, and four high contrast holes of 3mnmaiter positioned
50mm apart the center which are used to checkghgas linearity and the pixel size. The externaitpcontains seven
high contrast sensitometric targets. This secBaaso used to control geometric distortions.

» The section CTP591 is also used to control thee ghickness. It contains 3 pairs of opposed beatps, two with
27° angle and 0.28mm diameter beads spaced 1mimeirz irection (feet to head) and one with 7° artBf@m
diameter beads spaced 0.25mm in the z axis. ThévadOmm in the z axis direction for the 27° rangmd 6mm for
the 7° ramp.

« The CTP528 section is used to build the practddatulation Transfer Function (denoted pMTF). It tains 21
aluminium patterns of 2mm thickness and castedeptaxy. It reproduces 21 spatial frequencies betwlekne pair/cm
to 21 line pair/cm.



» The CTP515 section used to evaluate the low csintesolution. It contains supra-slice and sukestiontrast targets
with different diameters and length in the z dii@utt

» The last section is the CTP486. It is used touatalimage noise and uniformity and it is cast ftoiform material.

Figure 3. Sections from left to right, CTP404, CTP5OTP528, CTP515, CTP486.

2.2 Digital Tests-Object (DTO)

In order to facilitate the quality control developm process of our different algorithms and to tesir limits, digital

phantoms were being generated. These phantomshawest much realistic as possible. Images from thkaatoms as
well as the factors that affect the quality contatjorithms, such as phantom misalignment pixed,sitice thickness,
noise and blur are being simulated. These images@mnstructed in pixels. By varying each of thedex mentioned
above, the robustness of the algorithms and tleet®edf each factor can be evaluated.

Three types of DTO have being generated, whichespond to the physical phantoms used.
2.2.1LAP

The first DTO is dedicated to simulate the LAP poam (figure 4). Dimensions of the DTO (phantom amt sizes)
and the acquisition mode (slice thickness, numbé@nages, image size and ScanFOV) are defined &t user. The
main goal of this DTO is to assess the accuradheflgorithms used to calculate laser positioniager misalignment
is also being simulated: The user can charactetizdesired misalignment with respect to the ang z axis.

L]

Figure 4. Two images from of 5122 pixels size reprdging the DTO LAP, with 200mm as phantom sizemnilstice
thickness, 300mm SFOV, 0.5mm, 3mm and 4mm misalegrisnwith respect to z, y and x axis. The firstgméeft) is
located outside the slot, and the second one @&dddalf inside and half outside the slot.

2.2.2 GEMS
The second DTO is dedicated to simulate the GEM&am (Figure 5). The noise and blur are beingduced with

this type of DTO.

Figure 5. Image of the DTO GEMS with SD (noise) ar@l FWHM (blur) = 4 pixels.

These images are 5122 pixels size. The white @rdubrder is centred at the image’s center; iRipikels wide with a
radius of 223 pixels. Pixels inside this area hawvalue of 120.



The first image is composed from a rectangular afe60x280 pixels with a grey value of 120. On lgfe and the right

of this area there are three horizontal dark Iwéhk 2 pixels height, separated by two pixels eanh from the other.
The line in the middle is 15 pixels long and thbess are 10 pixels long. The six groups of pattamseach made from
five inclined dark lines separated by four brighek. These lines are respectively from top todmoft5 pixels, 4,3,2,1
and 1 pixel wide.

The second image is composed from a rectangularafr@35x78 pixels size; pixels inside this areaeha value of 8.

Five circular shapes are lying inside this ared witmeters equal to 20, 16, 12, 8 and 6 pixelk wipixels value equal
to zero.

The third image is a uniform image repeats theauttaristics of the previous image but with a unifdvackground zero
grey value that simulates water.

Knowing the characteristics of each digital phantamd the exact amount of noise and blur that lvélintroduced, we
apply our algorithms to retrieve the computed patans. The entered parameters are then comparedhsiestimated
ones in order to assess the accuracy of the aigusit

Noise is simulated with a function that generateshite Gaussian distributionas described in Eq. The standard
deviation of the probability distribution functias given by the user. As described in [8], the pohae of generating
white noise follows these steps; for each pixdhmimage: add 12 random numbers, subtract 6 tee rtekmean equal
to 0 and finally multiply by the standard deviatidie number generated is then added to the patakv

12
I Noise(l) = Init @i)+ SDE{ 2_: RND(k) - 6}, ()
k=1
where Joisdi) is the noised intensity grey value angl(l) is the initial grey value. SD is the desiredrgtard deviation

and RND is a random number (of constant distrim)tletween 0 and 1.

The blur is simulated by convolving the DTO withtwo-dimensional Gaussian function, a Point Spreadcion
(denoted PSF). The Full Width at Half Maximum (dembFWHM) of the PSF is given in pixels by the usgre two-

dimensional function is written according to thenfolla:
. N-1 2 . N-1 2
i— +|j-
2 2
-4.Ln(2).
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where i and j are the pixel position and N x Nhis size of the PSF in number of pixel (N = 4 . FWHNM).

= FWHM+1

4. FWHM+1
Figure 6. Two-dimensional Gaussian function with W/ = 8 pixels.
The comparison of the Fourier transform of the WM&k the pMTF allows for assessing the accuracthefalgorithms.
2.2.3 CATPHAN

Images representing the sections of the CATPHANS&®Ntom are also being simulated but algorithmsl tizeontrol
the correspondent parameters are not yet beinggmgaited within this DTO.



2.3 Measurements of test parameters

2.3.1 Laser positioning test (LAP)

The set of LAP images forms a 3D model of the ptwan(figure7). The position of each slot in the 3@dal is an
indication of the phantom alignment. To calculdtese positions, the 3D model is projected with eesgo the
directions (+x, —x and y). Each of the three resuliprojections is a 2D matrix with a cross repnésg the slot’s
position. The 1D projection of each 2D matrix ie trertical and horizontal directions has a shapeesented in figure 7
and their centers indicate the position of the &spondent slot. Thereby, calculating the positointhese centers, i.e.
center of the full width at half maximum of the pibfile, allows finding the phantom misalignment.
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Figure 7. An outline representing the process tmutating LAP phantom misalignment.
2.3.2 Image quality control

Image analysis and quantization are done by cdingléhe mean (M) and the standard deviation (SChe CT values
within different region of interest (denoted RQi},by calculating distances in pixels between twm{s. Shapes of the
ROI differ with respect to phantom’s characteriti€heir initial reference positions and sizes baradjusted by the
user. These ROIs form masks within each image agalsarements are acquired with respect to eachBefire any
measurements are done, image registration is osgetéct the phantom’s position. This avoids erooeneasurements
in case of phantom misalignment. The phantom’sembnposition is found by automatically detectingtidictive features
within each image, these features should be distind efficiently detectable. The first step of gearegistration
consists of detecting phantoms translation witlpeesto x and y axes. In many situations, thiase by detecting the
circular border of the phantom. If this border @ wisible, other features with specific homogenmysartition inside the
image are detected. Borders or features are ddtegt@rojecting all images or a ROI inside the imagth respect to
vertical and horizontal directions. The centershef projections are treated with specific thresheithich allows to find
translations with respect to the horizontal (Igftit) and vertical direction (up/down) simultanelyu§he second step of
the registration process of the mask consists t#ctiag a specific object with a known locatiortle image. Knowing
the angle formed between the center of the phamtadithe center of this object, rotation misaligntrefrthe phantom
with respect to z axis is then calculated.

2.3.2.1 GEMS phantom tests

Figure 8 shows the first type of images issued fGEMS phantom as well as the one-dimensional \&rficojection
after a threshold equal to 100 times the maximutangity pixel in the image. The position and theltiof the
rectangular shape inside this projection allowind the real center of the phantom and the sizbefectangular plate
inside it. The same calculation is done in the othesction.

Width of the plaque

-

v
Centre
Figure 8. On the left, image issued from GEMS pbanénd its vertical projection on the right.




2.3.2.1.1 Slice thickness and alignment tests

Slice thickness and alignment are measured in @lesRowed in figure 9.

Lin: 42—
Mpg: 116.5 —

Threshold: 79.2 =

1 15! 31 '3 &1 Ll

Figure 9. Slice thickness measurement: originatienaf the ROI (left), the same image after the thokk(middle). On the
right is the projection of this binary image.

Our method consists of measuring the FWHM of theugrof the lines. To find the FWHM, a binary imagebeing
produced using a threshold which is called halfimaxn CT number, the resulting image is then praedh horizontal
axis; the FWHM is equal to the width of the nontmallues in the projection. The threshold usedjisa to:

_ _ _, max
Threshold—Mbg [Mbg Imin)xp’ 3)

whereMyg is the mean CT value of the background, measuréuei area adjacent to the group of lines, aﬁgﬁx is the

minimum or maximum (this depends on the contraatkbround intensity/pattern) CT number inside thetangular
area surrounding the group of lines. P is a peaggnvalue, equals to 50% in the case of FWHM, wische full width
at 50%. The slice thickness is finally determingcdhiultiplying the FWHM with the tangent of the aadgbrmed by this
ramp of holes (27° for the GEMS phantom) and byiragld increment equal to the half distance betw&éoles. This
measurement is done with the two ramps and thérsalt is the mean of the two values. We appéysame method to
calculate the full sensitivity slice profile by ngisuccessive values of P in Eq. (3).

The misalignment of the CT’s positioning light mleulated by finding the position of the longestliwith respect to the
group. This position corresponds to the maximunueah the one-dimensional projection.

2.3.2.1.2 High contrast scale test

The second parameter to control in this imageadiigh contrast scale, HCS, i.e. the differencevéeh the mean value
of the CT signal in a 10x10mm? ROI located in theylic plate and the mean value of the CT signanridentical ROI
located in the background (water).

2.3.2.1.3 Spatial resolution: Practical MTF computtion

The spatial resolution is calculated from the measents acquired from the six groups of cyclic patterns. These
patterns are automatically extracted from the in@gpording to the following algorithm:

« Apply a one-dimensional median filter, this filles a slope of 45 degrees and its size is 5 pixels.
e Perform an image segmentation with a threshold etu@s
e Count the number of regions inside the interestiag of the image.
e While the number of regions is bigger than 6
» Dilate all the regions previously found with a 2fusturing element of 3x3 pixels size
* Apply an erosion the final regions using the satmecturing element
* Find the gravity centers and the sizes of the foreg

After finding the positions and sizes of each graupwy ROIs are constructed at the same positionviibita size that is
equal to 80% of the calculated sizes.

A practical modulation transfer function (pMTF)tieen calculated with the formalism proposed by Bdevhere the
pMTF is given from measurements of the standardatien of the pixel values of each group of patsern
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wherepMTF[pattern(i)] is the pMTF value for the frequency correspondimghe pattern group (i%Dhatem) is the SD
of the pixel values of group of patterns (i), &k and SDrogg) are the SD of the pixel intensity value in two ROI
having the same size of the pattern group (i)fiteis located in a homogenous region with sammmosition than the
pattern and the second lays in the background medivhile M goipi and Mgogg are the mean values of the pixel
intensity within the same ROls. A zero frequencitgras are represented with a rectangular ROI éacat the border
between the acrylic (bg medium) and the water épatinaterial) image in figure 10-c.

Applying this formula in a perfect 2D object leadsa constant function with a value)ﬂff’\/i that corresponds to the
1D slicing of the 2D Gaussian.

"\:‘\ L . Zero frequency
’ : $ 2
&

Figure 10. The 6 groups of patterns to be anal{lsf), the corresponding segmented image (midaite) the image of
these patterns each one delimited with a rotatetdmgle.

Y

2.3.2.1.4 Low contrast scale test

Low contrast scale (LCS) is tested with the sedomaije. After finding the center of the phantom, ragation angle is
calculated by detecting the position of the twadleo$ of the polystyrene plate in an 625x72mm?2 digare 11-b).

Muwe

Figure 11. ROI used to calculate low contrast regmiu

Four rectangular ROI are used to calculate thedomtrast scale (LCS), i.e. difference between tieamvalue of the
intensity pixel mean value in the two ROI locatadtie polystyrene plate (@, Myg) and the mean value of intensity
pixel mean value of the two ROI located in the wélkéy;, Myy,).

2.3.2.1.5 Low contrast detectability test

The number of visible circular ROl is also calcathtROl is considered visible when:

‘Mi—M

> —
>C ><PC SDiXPN, %)

bg ref

where M by - (M b T M bgz)/ 2 represents the background signaj,tie mean CT values of the RO represents

the percentage of the reference contrast(i@ this case LCS) that has to be present in @& R order to be visible and
Py is the lack of visibility due to the noise repnetsel by SDthe standard deviation of the CT values in the;ROI



2.3.2.1.6 Geometric distortion, noise and uniformit tests

The center of the last GEM phantom image is caledldy the projection method where the circulaemdl acrylic

envelop of the phantom is detected. These parasnateralso used to evaluate the geometric distsrtiy a comparison
between the dimension in pixel and the real sizéhefphantom. Then five ROIs are built, one locatethe center of
the image and the other four distributed in peniphBloise is estimated by SD of the intensity pixethe central ROI
and the uniformity by a comparison between alliROls.

2.3.2.2 CATPHANG600 phantom
2.3.2.2.1 Sensitometry, practical volume artefacglice thickness and pixel size tests (section CTRY0

The registration of the measuring mask of ROI on ithage is done after localisation by the softwafréour holes
showed in the figure 12. Positions and size offthe squares where the algorithm search the preseheach hole are
given by the user.

Background Mg ramp

Background My ajiad

Wire ramp Max

5 acrylic spheredy;, SD)

One of the 8 high contrast
sensitometric targets

Figure 12. CTP404 section with ROIs used to acqueaasurements.

Pixel size can be calculated by a comparison ofntimaber of pixels between the 2 opposite hole ¢csraad the real
distance 50mm. By detection of the border of thernpbm and comparison of its size with the real disien, the system
evaluates also the geometric distortions.

Slice width and misalignment errors are measuradguthe four wire ramps. This method is alreadycdesd in
(2.3.2.1.1) The increment value used here is zero becaugesram continuous wires and the angle is 23°.

The scanner ability to image volume averaged sghisrealculated using Eq (5) which defines thebilisy of a circular
ROI positioned on one of the five inner acrylic egs. The background is a circular ROI located imiorm zone at
the same periphery of the acrylic spheres withdausaequal to the radius of the biggest sphere.

The last test consists of evaluating the stabditythe CT numbers and in consequence the stalofitthe electronic
density (ED) conversion. The super user of theesgsestablishes the reference correlation betweenrekictronic
density relative to the water and the CT Numbegaxth material (Table 1). The algorithm fits theatdvith two linear
curves. Then the quality control consists to edtintlae deviation in comparison with this model.

Table 1. Characteristics of the 7 sensitometriceti@rgelectronic density relative to the water andn@mber.and the two
correspondent curves on the right.

Densité éléctroni

Electronic | CT number CT number
density

Air 0.0010 -932.3

PolyMethylPentene (PMP) 0.853 -172.6

Polyethylene (LDPE) 0.944 -84.1

Polystyrene (PS) 1.017 -31

Acrylic (PMMA) 1.146 116.4

Delrin (POM) 1.353 3418

Teflon (PFTE). 1.867 928.8




2.3.2.2.2 Slice thickness: section CTP591

Before applying the measuring mask of ROI, thegystietects the position of the 6 ramps by projaatiethod after to
apply a grey level threshold equal to 50 on thegiena he same registration method is also usech®ICITP515 and
CTP528 sections.

The method used to calculate slice thickness wagiquisly presented i8.3.2.1.1for the GEMS phantom. Differences
are the increments which are 0.5mm and 0.125mmecéisply for the thick and thin ramp, and anglesicvhare
respectively 27° and 7° for the thick and thin rafipe wide of the thin ramp in the z direction (6)nis1taken into
account by the system which tests automaticallygart the CT slice can be outside of this ramphicase, the system
gives the measurement using the thick ramps.

diameter beads Ramps with 0.18mm

diameter beads am Width

Y

o h 4

Figure 13. CTP591 (left) and its 1D vertical project(right).
2.3.2.2.3 Spatial resolution: Practical MTF computton (section CTP528)

The method used to calculate the center of thetpham the section CTP591 is also used here. Ttagioa angle of the
phantom is retrieved by calculating the positioritaf biggest pattern group in the image. To dasing shaped image
is constructed as shown in figure 14 using twolegcentered at the phantom’s centers; an outele¢madius= D +
3mm)and an inner circléradius = D - 3mm)where D is the distance between the phantom’scamd the patterns. A
rectangular ROI with the same size and distandbeobiggest patterns is then constructed and sdaower the resulting
image. The scanned positions cover an arc of 20M(fL5° to 35° with a step of 0.5°). The mean Clueanside the
ROI is calculated for each angle, and the anglé tie biggest mean value represents the angleeddttidied pattern.
Knowing the real and the calculated angle of tliggn, the rotation angle of the phantom can treeved.

Uniform—ﬁ"‘: = ‘
ROI an
4 '@k—Rm of

a g .
- Aluminum
o .

Range of 2Bangles

Figure 14. CTP528 (left). Ring shaped image (middie) an outline representing the search procedutadgosition of
the biggest pattern (right).

Eq. (4) is used to calculate the pMTF. For eaclugraf patterndgoipq andSDro( are calculated within ROIs located
in a region at the same range of the correspongtitigrns with a 12mm bigger distance, while a ROAlaminium is
simulated by duplicating the Aluminium area of thiggest pattern group as shown in figure 14, thd i® used to
CalCU'ateMRomg(i) andSDQomg(i).

2.3.2.2.4 Low contrast delectability test (sectio@TP515)

The center of the phantom is calculated using #maesmethod already applied for the section CTP3®8&. rotation
angle is retrieved by calculating the position apcific target within the Supra-slices. The ta®sen is the biggest
one with the highest contrast. Its position is eted by correlating a 30nfnROI that contains a circle of 14mm
diameter. Pixels inside the circle have a valuB@fand the others 45.



Low contrast resolution is calculated by countihg humber of visible ROI within each of the six gps (3 groups of
sub-slices and 3 supra-slices). The visibility pahare is the same as in the CTP404 section. Tourettse CT value in
the background of the supra-slice, 3 circular R@lused. These ROIs are adjacent to the measugedsand have the
size of the second biggest supra-slice as showigure 15., the CT mean values are calculated @h &0I, the result is
the mean of the three values. The same procedapplied to the sub-slice targets.

Suk-Slices

Supra-slices
Correlatior ROI

Figure 15. CTP515 section
2.3.2.2.5 Noise and uniformity tests

Finally, noise and uniformity are calculated wittive CTP486 section in the same manner for the GRM®&tom.

3. RESULTS

Images for the quality control have been acquirgidgia “GE Medical System CT scanner (Light spe&gl’Rn order
to accomplish the test automatically and to simgplife control process, an acquisition protocol tmdbe defined in
advance by the super user of the software in afade as shown in figure 16. This protocol gives software the
position of each image inside the whole set of iesagvhich allows to loop automatically and to acguiight
measurements associated with right control parasetderefore, 4 steps are needed to establisimtaoto(1) choose
the installation, (2) choose the exam, (3) filtez tmages and (4) execute the control process.lResa then displayed
in a list containing control parameters and theiresponding tolerance values. Another option alawStep by Step”
control; it consists of detailing the control preseand allows visualizing all the ROIs and the wWakion details related
to all parameters within each image.

£ Modification des protocoles d'acquisition
Qw0 oe ©) CATS00 ) CATE04 @) CAToDD
) FHILFS C) TosHIBA () RMSS ) TORT () TORFG
TrE00

Installations UALI“ORME

& Centre Val D'Aurelle INIT
- Centre Val D'Aurelle
# 10.4 CATPHAN 600
- Alignement fantome
= Epaisseur de coupe
- Qualité image
% Qualité image
&40
%10
¢ Epaisseur
10.0
- Position
70.0
9 20
¢ Epaisseur
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¢ Position
110.0
%30
¢ Epaisseur
25

¢ Position
160.0

Figure 16. Protocol windows : installation nameytpcol name, types (phantom alignment, slice thésknimage quality
and sensibility profile) and descriptions of theées

An Intel double processor of 3.6GHZ Pc is used. Tuomtrol time takes approximately 30 seconds fog th
CATPHANGO0O, 20 seconds for the GEMS and lsecondHlerLAP phantom. The image quality (spatial retofu
contrast, noise and uniformity) for the CATPHAN680d GEMS phantoms is controlled using two modesghkand
standard. In addition to this, the CATPHANG60O cohtrontains one image for the geometric distortiomel length,
laser alignment, electronic density, 11 imagesest 11 different slice thicknesses while the GEMifargom control



contains 7 images for the slice thickness and laignment controls. The LAP phantom control is elarsing 11
images.

3.1 LAP
Figure 17 shows the automatic and the “Step by'St=ults of the LAP phantom control process.

Images Mode Tests OK Résultats UALI-ORME Unités Cihle Min Max
Cortrdle des lasers

Toutes STAND  Alignemert transverse Qi Décaler le Lazer vers Pieds de 0.2 mim 00 Ao 10

Toutes STAND  aAlignement frontal Qi Aucun décalage significatit mm 00 0 10

Toutes STAND  Alignement sagital oui 2ucun décalage sighificatit mim oo 10 10

Oomm

0.3mm

0.2mm -0.2mm

0.2mm ii Projection size !! 0.2mm
[ ]

Figure 17. The LAP control automatic results (impge). The outline (bottom of the image) is théefSby Step” control
process. LAP image is in the center surroundedllii@projections used to calculate the misalignmResults
indicate that misalignment in Z direction is eqtma0.2mm, while no misalignments were found in Bast/Anterior
and Left/Right directions. These results are coestswith the manual control results.

3.2 GEMS

Figure 18 shows the GEMS phantom control procage(@atic and “Step by Step).
Images Mode Tests OK Résultats Unités Cible Min Max
4-1 STAMD FThi 5% oui 54 plicm 8.4 F.58000. .. 9.24
4 -1 STAMD FTh 2% Qi a5 Th L ORmE palfcrn 9.5 .82 107
4 -1 STAMD Ecart type (grosze mirel  OuUj 354 UH 40.0 360 440
4.1 STAMD EC haut niveau Mon 1149 UH 1200 116.0 124 .0
4-5 STAMD EC bas hiveau Qi 3.0 LH 8.0 7.0 9.0
4.5 ETAMD  Résoldtion en contraste Qi SR visible 40 40 40
4-7 STAMD Signal de l'eau Qi -0.9 H 0.0 =20 2.0
4-7 STARMD Bruit Qui 34 LUH 3.0 1.2 52
4-7 STAMD Mirirnurn c'unifarmite Qi oy LIH 0.0 -4.0 4.0
4-7 STAMD Distortion horizontale Qi 214.8 FrFT 2150 214.0 2160

Figure 18. On top are the final results of the GE®Strol. The bottom images: from left to rightra@eters calculated
are: on the first image, the high contrast scadeltgion, HCS=114.9HU. In the second image the lontrast scale,
LCS= 8HU and the number of visible according to @&, 5 ROI are considered visiblecf10 and R=35). Three
parameters are calculated within the third imalge size of the phantom (214.8mm), noise (3.9HU)warifbrmity
(0.7HUV). The last image is the pMTF (Droege). Tiegjfiency is expressed in Line pair/cm.



3.3 CATPHANG00
Figure 19 shows the CATPHANG600 phantom control pssq“Step by Step” and automatic).
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Figure 19. The five images on top (from left tohtiy the first image is the CTP404 section, paramseatentrolled are:
phantom size (149.4mm), pixel size(0.351mm), nunabeisible ROI (2), maximum deviation of electromiensity (-
1.49%), CT number of Air(-926.4). the second imagthé CTP591 section and used to calculate slickrtbss
4.723), the real slice thickness is 5mm. The thirdge is the CTP515 section, number of visible RGdawth group is :
Supra-slicel (9 ROI), Supra-slice2(4 ROI), Suprae8i{e ROI), Sub-slice1(2 ROIl), Sub-slice2(1ROI) anl-slice3(2
ROI). The fourth image is used to calculate the pMTite pMTF is shown in the bottom-left of thisdig. The MTF
values of 21 frequencies are calculated. The faage is used to calculate the noise (19.7HU) aifdramty (1HU).
The automatic control process is shown in the télblgtrated at the right bottom side.

4. DISCUSSION
DTOs simulating real phantoms are being generatedder to control our algorithms.

A large panel of LAP Digital Test-Objects with d@ifent shifts allows to confirm that our algorithnves the
misalignment of the CT'’s light positioning with aegision of half pixel size for left/right and ari/posterior
directions and half slice thickness for the Z diiat

A large panel of blur and noise function were aggplon the perfect GEMS DTO. After generation otatted DTOs,

the software measured the pMTF and noise level aithalogorithm. In all situations it recovered #mry value of the
noise. For the pMTF, see Eq. (4), the softwardénDTO mode compares the Fourier transformatich@PSF used to
disturb the perfect DTO with the pMTF. The pMTFngiDroege method and the Fourier transform of t8E ®here

three PSF with different FWHM are shown in figu@ Erom left to right, FWHM= 3pixels, 5 pixels afdpixels. The

corresponding frequencies in line pair per pixeb@¥% and 5% of MTF are respectively: (0.2 and Q.{®&)L2 and 0.09)
and (0.09 and 0.06) the first value correspondinthé pMTF and second one to the Fourier transfofrthe PSF. The
obtained pMTF equals to the theoretical MTF by dtiplying factor constant, and this might be duetihe Droege

formulae (going from 2D to 1D normal Gaussian).

1 1
pI\ATFEIB pMTFDE

1

pMT
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06 . 0B

04 . 04 04 .

02 02

.
0+ " 0+ 0+ "

o o1 02 03 0.4 0! a o1 02 03 4 05 | a1 02 03
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5 04 05
Ip/pixel Ip/pixel

Figure 20. Comparison of the pMTF and the Fouramgform of the PSF, the poinie) fepresent the pMTF calculated for
each frequency, and the lines are the Fourierftvamsof the PSF.



5. CONCLUSION

Software capable of performing an automatic CT ienggality control has been described in which nigeréhms for

detecting the position of the phantom have beed.uBkese algorithms allow detecting the translatiod rotation of
the phantom with respect to the center of the imaigaslation and rotation are then applied tatal ROIs in the image
before acquiring any measurements. The informadigoriori of object’'s geometry along with translatiand rotation
that were calculated are used to determine theeatdkepbsitions of the ROIs in each image.

Furthermore, a technique of generating digital &dptcts has been described. The DTOs is a digipaiesentation of the
phantom, and it is designed to have almost thetey@ametry of the physical phantom. DTOs are usedrder to

facilitate the implementation of the algorithms ahé possibility of introducing noise and blur a#® testing the
accuracy and the limits of these algorithms.

Images issued from CT scanners have been contreiddthese algorithms, almost all control parameteave been
calculated, slice thickness, spatial resolutiomtiast, noise, uniformity. Results are more aceyraser independent,
guantitative and time saving comparing to conformahual CT image quality control.

Automatic quality control along with digital phamis proved to be an important technique which hedpsprove the
CT image quality control. Future work will conceater to finishing the development of the DTOs thaidei the
CATPHANG00 phantom and to introduce some new tamlsave a complete automatic quality control fa tim-board
imaging system installed on the new linear acctdenased for radiation therapy treatments.
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