Convolution filter

A methodical approach for comparison of CT image

The answer is KIS: Keep It Slmple The convolution filter (convolution kernel or
i . reconstruction filter), can be a factor that is .
I t I t t d Don’t make it more complicated than it is already. You can use a three stage process: difficult to account for. 5 e ang
q u a. I y re a IVe O Ose (1) Minimise scan protocol variation The image noise and spatial resolution are g fesolution =
(2) Make corrections for known trends and dependencies measured for the range of convolution filters | = cifferent agorihms = .
_ _ _ _ _ (3) Identify trends in other variables that are avallgble on each scanner. é o \ .
Sue EdyVean, Nicholas Keat, Maria Lewis, Julia Barrett, David Platten Sequential scanning represents the basic capability of the scanner. Helical scanning takes into The noise, adjusted for differences in dose % - =rw—r
] ] consideration how the scanner is used. Multi-slice scanning (sequential and helical) is more and image width, is plotted against spatial @ T .
IMPACT (l maging Performance Assessment of CT SCannerS), St. Geo I"ge,S HOSpItal, LOI’]dOn, UK complicated, but with careful consideration a valid comparison of the resultant image quality and resolutlc?n (Figure 11). _ =
dose can be made. From this graph we can now visually compare X
image noise, at a constant dose and image e “'“Maa:MTF""’ MTF’"‘ icr:;s p;"m] e
How often have yOU heard these. ? Scan plane spatial resolution width, for any spatial resolution. Or we can 50 10

Minimise scan protocol variation use interpolated values to standardise the

Spatial resolution is measured using a high contrast edge, and a modulation transfer function (MTF)

. . . . Figure 11. Noise and spatial resolution, at standard dose and
: . . . f analysis is carried out (Figure 4). The frequencies at which the curve falls to 50% and 10% of its ?Tr;illga;rl)ues In our table of image quality and dose image width.
i} Zzeollﬁiqcigruﬂgge?n this scanner is better than A original value are quoted. An average of these two numbers can be used as a simple, single figure Clinical protocol '
. . o ‘.‘ representation. _ _ _ _ When making comparisons it is best to use protocols
= The scanner in my private clinic is worse than the — The MTF is a measure of how the spatial frequencies, of the function that describes the edge, are that are similar, such as a standard abdomen or head Noise Resolution Image width Dose
one | use here. transferred into the image. Remember: high spatial frequencies = high spatial resolution. protocol. This allows for any anatomy specific =
= Are we giving more or less dose on this new This method can be used for all images from multi-slice sequential scans. algorithms that the manufacturer may use, such as Scanner A 7.8 HU 5.9 c/ecm 5.0 mm 40 mGy
scanner ? This method can also be used for images from helical acquisitions. Scan plane spatial resolution is not beam hardening or adaptive algorithms. Scanner B °.4 HU 5.9 c/cm 9.0 mm 40 mGy
= Which scanner gives me the best image quality generally dependent on helical scan parameters, although the values may be slightly different from _ o _
for the least dose ? those taken with sequential scans due to small differences in acquisition and reconstruction Table 4. Noise values for same resolution, image width and dose

kV and focal spot

Noise, dose, and to some extent image contrast, all
vary with kV. Because of these variations, it is

techniques.

| want to buy a low dose scanner.
The aim of this exhibit is to give a step by step

sharp ! Can we tie all this into a single number?
approach for comparing the image quality and LSF = d/dx ESF image preferable to use the same kV where possible.
dose in CT using standard accepted image quality e ESF MTF = FT (LSF) Most scanners have a choice of large or small focal If we fit power curves to the noise and
and dose parameters. There is potential for R _ 100 / spot. This can have an influence on image noise, dose _ _ resolution data given in figure 12 (four slice o
numerical values to be extracted, however the 2 - smooth and spatial resolution. It is often automatically selected Figure 8. Protocol choices scanners, head protocols?), we can see that —=— power =28 R*= (042
results are best showed graphically Figure 1. Dilemmas and decisions. E = 1 TS by the scanner depending on algorithm, imaged slice ’ P L . = —a— power =23 R’=0.9972 -
| e i width, collimation or tube current. It is preferable to use the same focal spot (large or small) in three of the scanners have high correlation - — power =26 R’ =D.8755
o = compf;lrison tests | ' P J co-efficients, with noise as a function of £ —o— power =27 R7=0.9411 4 .
Is it the protocol or is it the scanner? w [ resolution to a power between 2.3 and 28 ¢
P ' _ We can combine all the parameters to give a gie
position across edge spatial frequency {cm-1) Beam width general equation: 5
Image quality and dose _depeno! on how the scanner Is constructed, gnd on how it is used. We can On single slice scanners the CTDI is independent of j; " y $ )
_adapt hOW the Scann_er is used in orde_r tC_) arrlve_ at the true comparison. Some of the factors that Figure 4. High contrast edge image. Graphs show edge spread functions (ESF) and corresponding MTFs for smooth and sharp algorithms. beam width except for the very narrow slices. 20 |4 | noite o resolution zm "
influence image quality and dose are indicated in table 1. on multi-slice scanners the CTDI varies with beam 5 g \ =— goad single slice . rd s —
width since the penumbra is not used to create the |3 14 ’ :"r:'“l": :‘:N_W Vdosex image wi a1 — —
- -, For axial scans, angled high contrast nominal beam width increases for small beam = 12 lculated usi lised relationshi
detectors (material, configuration, numbers, rows) /" xemy e P LT LTI ™ lumini L d. Th widths. 10 Sop——— T, caiculated using a generalised relationsnip.
— aluminium ramps in water are used. The o _ < However the fourth scanner is harder to Figure 12. Curve fits to data
data sample rates Fatratian | extent of the ramp in the image represents So it is always best to use the same nominal beam 0.5 : o 2 " characterise as there are a number of algorithms
software corrections (eg. beam hardening) > Bl T ey the width of the slice. width eg 20 mm. Beam width (mm) - that give similar spatial resolution but different
x-ray tube, filtration, focal spot This can be measured by finding the full noise. This demonstrates a limitation of this approach.
geometry (eg focus-axis, detector diStanceS) width at half maXIr.num OLthe pI’OfI|1e: of IE':T .I::“mm Figure 9. CTDI and beam width . .
Scan protocols o numbers. A correction is then made for the _ Sixteen slice scanners
- o angle of the ramp to the image plane (Fig 5). phantem image plot of CT numbers .
clinical application Artefacts appear if the ramp test tool is used Make corrections for known trends BV Usi h h lined in thi
tube current, voltage, focal spot for helical scanning, and a different method needs to be Figure 5. Technique for measuring the axial imaged width. y using t _e approqc out Ine In this poster,
scan time used ’ _ _ data are given for sixteen slice scanners*. The "
_ _ ' Image width, tube current and scan time standard abdomen protocol was chosen as a '
reconstruction algorithm Image noise is dependent on the number of photons that are used to create the image, and as such baseline. A similar set of power relationships g
collimation width \ ;= ) ¢ 200 : is inversely proportional to the square root of both the image width and the tube current-time can be established for this set of data. 2 y
image slice thickness | product. - o) . 4
h I_g | pitch. i lati | ith Figure 2. Scanner design ‘ ‘ §150 | 1 Scanner Algorithm E f e
elical pitch, interpolation algorithm IIE- g 100 Hoise o noise o —— GE Lightspeed 16 soft, standard, lung, detail, ':1 bz i
Table 1. Scanner design and scanning factors E ¢ 'r.‘f.l'rfE‘E" ﬁ?ft‘fﬁ?fﬂ'{.‘i 'IHL"L'}' bone, bone+, edge E . :,‘. 8
A O v Philips Mx8000 IDT AECB.C,D = ot
What dO WeE mean by image qual Ity’) 7 . - : . . SiemZns Sensation 16 B’lo, 20 .......... 80 - - "
o b= . . e . For scanning it is best to select the same nominal image width eg. 5 mm, and to select mAs values _ g : .- . " .
Perception or numbers? gold disc ~ 6 mm diameter, 0.05 mm thick 108 6 -4 202 4 6 8 10 which givg similar dose. Small differences in the data can then easily be corrected using the above ;OC‘:’S;I?O&” 16 :Fs(i,ls% 11,12, 13,14, 30, Mean MTFss, MTF,, (cycles per em)
Patient diagnosis is based on perception of image quality, however numerical approaches are reconstructed image position mm relationship (Table 3).
objective, and represent perception to a greater or lesser extent depending on the parameter. Figure 6. Measuring the image width from a helical scan. Table 5. Algorithms used for Figure 13. % Abdomen Srotocol. 16 dice scamere
Perception of image quallty is affected by psyChO—phySical processes involved in vision and pattern T ————————— 9 ' P ' '
recognition. However numerical quantities such as the noise power spectrum, the full curve of the The helical test tool consists of a gold disc, 0.05 mm thick, held in a polymethylmethacrylate (PMMA, Noise Resolution Image width Dose
moc;l_lIJIa]:cion transfer flun_ction (MTF) flordthe s:cé)an Elane I’es_OlL(thi_OH, and thlg shape of the imaged slice f Perspex,tLut(_:ite) ;otorll. This is scanr]lgld,_anfljtimagoclesbrec?ntstt_ructceTol at inl;[erv(iclls of t1r<10th trle im]?tgr? width. Scanner A 6.0 HU 54 c/lcm 5.0 mm 40 mGy S
rofile for z-axis resolution can closely describe the perceived image quality. representation ot the image protile I1s obtaine ottin numbpers from the centre ot the
4 inal i Tl g p - i > d - i ima pe of the rod against theg z—zxis osition of the i>r/ng e (Fig ure 6) Scanner B 5.4 HU 5.9 c/cm 5.0 mm 40 mGy ummary
Numerical image quality is also commonly quoted using single figures for these imaging performance 9 9 P 9 9 :
parameters, such as standard deviation for image noise, and specific values from the MTF and from DOSi The approach presented here is a step by step guide to enable a clear comparison of scanner
the imaged slice profile’. In this poster we are using these recognised simple numerical indices of OSImetry parameters Table 3. Same image width and dose ol : - : - : - -
) lity, as well as the computed tomography dose index (CTDI)’ numerical image quality. Variations in values, due to different scan settings and image quality
image quality, : _ _ : : . . .
The measurement, and standard quotation, of these parameters are described in this poster. Common The computed tomography dose index (CTDIqp) Is measured dependent variables, VYhICh generally C!OUd the final -plcture, are ell-mlnated.- _ )
approaches can often be made for both sequential and helical scanning, on single and multi-slice using a 100 mm pencil ion chamber, at two positions, centre (c) ldentify trends in other variables Graphs are used as a visual demonstration for the noise and resolution relationship. A single
scanners. and periphery (p), within standard head and body PMMA number can be obtained from the graph, where a generalised relationship is found. A single
However, any particular comments on helical scanning are made in green, (Perspex or Lucite) phantoms® (Figure 7). Pitch and helical reconstruction methods comparative number is attractive and can give a general overview, but does not easily take into
and particular comments for multi-slice scanning are made in red. The weighted mean of the measurements gives the CTDlI,,;: In both single and multi-slice helical scanning use the account particular exceptions that certain algorithms or scanners raise, and also does not include
CTDlyy, = 1/3.CTDI; + 2/3.CTDIj same pitch where possible. the full visual impact of the data.
|mage quality parameters The CTDI is dependent on the beam width. In multi-slice In single slice helical, pitch does not affect image noise, e This approach is a baseline for clarifying the issues in comparative image quality and dose studies.
sequential scanning the reconstructed image width is not but a larger pitch results in a greater image width, a image plane This baseline is essential before tackling the ever increasing complexity of dose and image quality
Image noise generally a consideration. less rectangular image profile, and the average dose : issues of modern scanners, such as patient related mA modulation, and anatomy specific image
Image noise is measured using a water filled phantom of the (CTDlyg)) Is lower.

For helical scanning, the CTDI,,, is divided by the pitch to give a
mean dose, CTDI,,q|, along the z-axis: CTDIl,,5; = CTDI,,, / pitch

reconstruction algorithms.

appropriate size for head or body.

A region of interest (ROI) is placed at the center of the image, and
the standard deviation used as a measure of image noise (Figure 3).

In order for the noise value to be repeatable in subsequent slices, the

In single slice helical, the interpolation algorithm
affects both the image width and the noise, and where
there is a choice, the same type of interpolation
algorithm should be used where possible.

Figure 7. Standard CTDI phantom.
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A resolution = average of 50% and 10% MTF values

Table 2. All measured parameters different




