2004 AAPM Summer School Programme
Paper on LODOX Statscan
1) Technology of the Digital Device
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Figure 1
Digital x-ray unit demonstrating x-ray tube and detector arm mounted on C-arm. Direction of travel is indicated.
The machine makes use of an x-ray tube mounted at one end of a C-arm (Figure 1) which emits a collimated fan-beam of low-dose x-rays. Fixed to the other end of the C-arm is the x-ray detector unit, comprising a scintillator surface optically linked to scientific grade charge-coupled devices (CCD’s) The detector has a 60-micron pixel size, theoretically providing some 11600 elements along the length of the detector, i.e. across the width of the gurney/trolley, or the so-called “slit direction”. Theoretically, various combinations of limiting (Nyquist frequency) spatial resolution from 1.04 to 8.33 line-pairs-per-millimeters are possible
. The detector system is able to record at least 14 bits of contrast resolution (>16000 grey scales, see Appendix 5 for more detail). The C-arm is able to rotate axially around the patient to any angle up to 90 degrees, permitting horizontal-beam, shoot-through lateral, erect and oblique views (Figures 2a and 2b). The C-arm travels along the table length at speeds of up to 140 mm per second. This device is able to rapidly acquire images of part or all of the body; a full body scan requires 13 seconds, with smaller areas requiring proportionately less time.[image: image12.png]
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Figure 2
Diagrams demonstrating the rotation of the C-arm permitting (a) horizontal-beam lateral and (b) erect views
It can therefore be seen that the x-radiographic principles of Statscan differ from conventional radiography in some important ways: Statscan uses linear slit-scanning radiography. The x-ray tube, x-ray fan beam, collimating slit and detector all move together along a straight scanning path.  The x-rays are highly “focused” through a narrow slit into a fan-beam (giving rise to the concept of “equivalent radiation width” in the direction of scanning). The x-ray detector moves synchronously with the x-ray fan beam.  The detector is only sensitive to x-rays exactly in the fan-beam so very few of the scattered x-rays are detected.  This means that the Statscan system is almost immune to the effects of scattered x-rays, resulting in a far better contrast and signal-to-noise ratio and better image quality with ultra low x-ray doses.

2) Major Performance Characteristics

a) Dynamic range and method of Dynamic range compression
Dynamic Range of STATSCAN
Dynamic range is measured in units of ‘number of distinct gray levels’.

The original data from the Detector has a greatly varying dynamic range depending on various aspects, most significantly the binning, but also the scan speed and other settings due to total photon flux and CCD saturation. Dynamic range is simply the difference in maximum (full exposure) and minimum (offset) detected counts for a typical column multiplied by the binning (not the square of the binning because scan direction binning is already done). An image is used where x-rays are un-obscured and totally obscured to determine this range.

The range in counts must be multiplied by the binning factor to account for horizontal binning which is done in software.

At the output (as displayed on the VDU), the dynamic range is compressed by a logarithmic scaling factor. This “log compression” works in such a way as not to affect the available fundamental grayscale range in the lowest contrast regions (where it is difficult to “see”), but to greatly affect (compress) the grayscale range in the high contrast region where many levels at are mapped to the same output intensity
. Although there are 16384 grey levels, only about 10000 distinct gray levels in the final log compressed image can be seen. Remember that these are gray levels originate from a much wider fundamental range of up to 48000 levels (depending on the conditions shown in table 1) in such a way that the low contrast information is not lots. 

The output dynamic range (7000 grey levels) is determined by counting the number of distinct grey levels in an output image over the range from full exposure (air) to no exposure (blocked) in a scan taken under the conditions of interest.

In summary, the exact dynamic range is dependent on many factors. It could be limited by the photon flux, CCD saturation, and logarithmic compensation.

The following table indicates typical values of original dynamic range for different conditions at 100kV:

 Statscan’s Fundamental Dynamic range at 100kVp:

	Binning size
	Speed
	mA
	Raw counts
	Fundamental dynamic range

	1x1
	0.25
	160
	5600
	5600

	
	0.5
	160
	3020
	3020

	2x2
	0.25
	40
	3000
	6000

	
	
	80
	6000
	12000

	
	0.5
	80
	3000
	6000

	
	
	160
	6000
	12000

	
	1
	40
	710
	1420

	
	
	80
	1550
	3100

	
	
	160
	3000
	6000

	4x4
	0.5
	40
	2950
	11800

	
	
	80
	6000
	24000

	
	1
	80
	3120
	12480

	
	
	160
	6000
	24000

	6x6
	0.5
	40
	4200
	25200

	
	
	80
	6000
	36000

	
	1
	80
	4600
	27600

	
	
	160
	6000
	36000

	8x8
	1
	40
	3100
	24800

	
	
	80
	6000
	48000


Note: Bold numbers indicate CCD saturation
b) Dynamic range compression

As mentioned above, logarithmic scaling compresses the gray scales to about ~16000 levels. However this is still much greater than the ~1000 grayscales commonly seen in screen film radiographs and vastly greater than the ~256 grayscales that can commonly be seen on medical display monitors. A proprietary image compression technique known as lucid™ is used for further dynamic range compression. Lucid is an adaptive contrast enhancing algorithm which includes de-noising and edge sharpening.
c) Detective quantum efficiency
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This graph shows the DQE of the Lodox system as measured for the beam quality RQA5 as specified by the International Electrotechnical Commission (IEC 62220-1) and compared to other x-ray imaging systems.

d) Spatial resolution
The fundamental picture element (pixel) size is 60µm square. The highest (Nyquist) spatial resolution that can be theoretically achieved before aliasing occurs is therefore: 1 / (2 x.06) = 8.33 line pairs per millimeter (lp/mm). However Statscan has five spatial resolution modes which are automatically preset or may be selected according to the required procedure, namely: 
	SPATIAL RESOLUTION MODE:
	ULTRA
	VERY HIGH
	HIGH
	STAND-ARD
	BASE

	Binning Size
	1x1
	2x2
	4x4
	6X6
	8x8

	Nominal Pixel Size (mm)
	0.06
	0.12
	0.24
	0.36
	0.48

	Limiting Spatial Resolution LSR (lp/mm)
	8.33
	4.17
	2.08
	1.39
	1.04

	Relative Signal to Noise ratio per Binned (Super)Pixel
	1
	2
	4
	6
	8

	Fundamental Dynamic Range of Available Grayscales
	6000
	12000
	24000
	36000
	48000


Table 1

Notes:
Binning Size refers to the number of pixels added together to form a single super-pixel, See also “binning” in the glossary. For example, in the “HIGH” mode above: each of 16 pixels that make up a rectangular array of 4 x 4 fundamental pixels (each 0.06 mm on a side) are added together to form a binned array of 4 x 0.06 = 0.24 mm square. 

Limiting Spatial Resolution is a theoretical best. In practice, lower spatial resolutions may be measured due to other engineering limitations, specifically when in “ULTRA” mode.  At least 5 lp/mm should however be obtained in this case. 

The pixel size determines the Nyquist limiting frequency of the detector. Actual spatial resolution is determined by the scintillator, and focal spot blurring and to a limited extent the super pixel size. Aliasing in Statscan is reduced by limiting the MTF cut off frequency to a point well below the pixel limiting Nyquist frequency.

Signal to Noise Ratio per Binned Pixel refers to the “spatial evenness of grayscales” that can be observed in an image created from discrete random events, in this case the x-ray photons being detected
.
The diagram below shows a model illustrating, the image quality balance between the “x-ray opaqueness” of the object been x-rayed and the observable contrast and spatial resolution of the image produced.
	For a particular x-ray radiation exposure setting

	
	
	Spatial Resolution Setting on Statscan

	
	[image: image16.jpg]3.6mm attenuation stainless steel

Good camera
— Average

Poor camera
~ Subjective tolerance limit

185 190 195 200 205 210 215 220 225
Detector voltage [v]





	Ultra
	Very High
	High
	Standard
	Base

	Imaged Object’s    “X-ray Thickness”
	Thick

to

Thin
	
	
	
	
	

	
	
	Bad
	
	Medium
	
	Good

	
	
	Discernable Contrast Resolution


Notice that there are five squares each populated with a fixed size of pattern of diamond shaped objects. The actual size of the diamonds represents the various spatial resolution modes of Statscan. For reproducibility, the diamond shapes in each square has been scaled approximately 5 times bigger that the smallest discernable sized aperiodic object for the corresponding settings on Statscan.

For each of the spatial resolution mode squares, above objects to be observed are equally sized (in the image pane) diamond shapes arranged in a regular pattern. They are arranged in rows (equivalent to x-raying pieces of bone), representing from top to bottom: thick (very x-ray opague) to thin (slightly x-ray opague) densities.

As with conventional x-rays, the objects to be observed appear to be white on a black background. The thicker the object, the whiter it appears and visa versa. So looking at the white objects in each square notice:

· The higher the spatial resolution setting, the smaller the observable objects, but the lower the contrast for thinner objects.

· The lower the spatial resolution the clearer the objects.

· The thicker the object the higher the observable contrast

e) Intended operational “speed”

It is difficult to translate 
3) Exposure or “speed index”
The table below shows just how dramatically the above factors A to E below contribute to x-ray radiation entrance dose reduction when comparing Lodox Statscan to conventional practice fro some standard procedures:
	Procedure
	Guidance Dose *
	Statscan™ Dose **
	Statscan™ Dose Comparison
% of conventional
	Ratio

	Spine
	15000
	1640
	11%
	9.1

	Abdomen AP
	5000
	409
	8%
	12.2

	Pelvis
	5000
	409
	8%
	12.2

	Skull
	2500
	210
	8%
	11.9

	Full Body AP
	1500
	150
	10%
	10.0

	Extremity
	450
	60
	13%
	7.5

	Chest AP
	200
	142
	71%
	1.4


* Typical Patient Radiation Doses in Diagnostic Radiology- 75th percentile, Dept of Radiology, Baylor College of Medicine, AAPM/RSNA Physics Tutorial 1998 (CR & High Speed Film)

** Statscan Skin Entrance Radiation Doses measured for “Large” Patient (120kg – 150kg)
Table 2

The dose reduction is drastic and requires quite a lengthy explanation to justify scientifically:

As a radiographic modality the Lodox Statscan x-ray imaging system is unique when compared to other diagnostic radiology systems. This statement is obvious vis-a-vis convention screen film; however Statscan is also different to almost every other type of modality, including other digital systems as well as other slit/slot scanning systems. In combination, consider the following: 

· It exposes the patient by means of slit-scanning as opposed to full-field radiology techniques. This result in a significant improvement in the contrast to scatter ratio at the input of the detector. 

· It exposes the patient by means of linearly scanning the tube, the slit and detector together as opposed to leaving the tube in a fixed position per exposure and scanning only the slit and the detector. This has the affect of creating a “virtual focal line” that is the length of a scan
.  This fact causes Statscan’s dose to be even lower than other digital slit scanning system.

· It uses a multiplicity of CCD-based imaging detectors combined in such a way the much less (>100 times) light demagnification is needed when compared to other CCD based full-field systems. Additionally the light is gathered from each CCD element row by means of extremely low-noise delay and integration (TDI) techniques. These two facts should, in the case of Statscan, dispel any pre-conception that CCD x-ray detectors are not as good as “digital plate” detectors.
· Statscan’s exceptional flexibility by using the various technique options in combination, specifically: 

· The kVp can be adjusted over a very large range from 50 kV to 145 kV.

· The x-ray flux (equivalent mAs) can be adjusted over a dynamic range of 100 to 1.

· The limiting spatial resolution can be selected between 5 modes from 1 lp/mm up to 5 lp/mm.

· The slit width has two different settings.

· The above two factors contribute to variable SNR and a means to selectively highlight objects of differing characteristics. 

· Larger difference in image size per single exposure from 100mm by 100mm all the way to 680mm by 1800mm
It is evident that the analysis in Section 5, above, focuses on the performance of the (digital) x-ray detector, and its ability to accurately reproduce and image all the incident x-ray photons detected.  However, the relative image quality seen by a human observer depends on many more factors, including the quality and geometry of the x-rays; the effectiveness of the image processing technology used and the effectiveness of the image presentation to the human observer.  For the sake of argument let us consider the following notional equation:

Relative Image Quality = Patient Dose x DQE x F(“Signal x-rays”/“Noise x-rays”, Imaging Processing and Display Technology)  ……………………….....[1]

Where:

Relative Image Quality (RIQ) is a measure of the image quality as judged by a human observer. In this case, the “diagnosibility” of an image is when comparing one modality to another, i.e. it is relative. 

Patient Dose (PD) is the total x-ray dose absorbed by the patient.  It is relevant to note that back scatter and other secondary effects are ignored.  Only that portion of the x-ray flux incident on the patient that does not reached the detector, i.e. that portion of the flux that is totally absorbed by the patient is considered. This is in turn proportional to the flux reaching the detector which is the actual interesting value when determining image quality in the equation above.
Signal x-rays (SXR) is that portion of the incident x-ray flux on the patient that reaches the detector and will be detectible by the detector and will contribute towards the “signal” in the final image. This signal is contributed to by x-ray photons that have traveled directly from the target in the x-ray tube, through the slit, through the patient and hit the detector without any deviation.

Noise x-rays (NXR) is that portion of the incident x-ray flux on the patient that reaches the detector and will be detectible by the detector and will contribute towards the “noise” in the final image. This signal is contributed by x-ray photons that have not traveled directly from the target in the x-ray tube, through the slit, through the patient and hit the detector without any deviation. They are mostly made up of x-ray photons that were scattered, i.e. caused to deviate as they passed through the patient. These photons are “bad” because they detract from the quality of the image as perceived by the human observer.  

The factor SXR/NXR is akin to the commonly known factor, the “primary to scatter ratio”. The higher this ratio, by equation 1, the better the image quality will be. Note that the DQE of the detector only is proportional to its ability to effectively measure the entire incident x-rays, i.e. both the SXR and the NXR.

F is a constant or function to adjust the equation so that it produces a correct measure according to whatever norm is applied for judging image quality.

 Imaging Processing and Display Technology (IPD) includes all the computer hardware and software necessary to accept an image from the detector and to manipulate it and to present it so that it becomes as diagnosable as possible to a human observer.

Rewriting equation [1] in terms of Patient Dose results in:

PD ~ ______ ___RIQ_________

DQE  x   F(SX/NX, IPD)

Therefore, the very low dose (PD) of the Lodox Statscan compared to conventional full-field radiology is due to the following unique combination of factors:

· A high detector DQE ~ 60% at low spatial frequencies, compared to about 20% - 30% for screen film. Statscan’s good DQE is due to its:

· Exceptionally high contrast resolution. Up to 48000 fundamental grayscales under certain operating conditions compared with about 1000 for conventional. See also Appendix 5, for an explanation on how the image compression necessary to make both the low and high contrast regions viewable simultaneously results in a greatly increased SNR in the high contrast regions which in turn accounts for Statscan’s very good soft tissue visibility
· Exceptionally high signal to noise ratio of the detector system.

· A good MTF (a.k.a. LSR) of about 0.7 at 0.5 cycles per second and 0.4 at 1 cycles per second.

· An extremely favorable primary to scatter ratio (SXR/NXR) due to the application of slit-scanning technology. 
This paragraph attempts to convey a “qualitative feel” for the impact of this influence, see Appendix 4 for a more quantitative approach where it is shown that Statscan’s anti-scatter could contribute to a dose reduction of 2 to 3 times.

Lodox Statscan’s primary to scatter ratio is about 15:1 compared to 2:1 - 5:1 typically found in full-field radiography procedures. Note that the exact amount of scatter depends on the radiological procedure being performed. The big difference between slit scanning and full-field radiology is that for slit scanning the amount of scatter is extremely low and virtually independent of the area being covered by a single x-ray procedure, as well as the quality of the object (patient body part) being x-rayed. This is one of the reasons why the dose of the Lodox Statscan is about 50% lower when compared with conventional procedures that inherently have low scatter characteristics like chest x-rays, but up to 4 times lower when compared to large areas or thick and difficult to penetrate body parts. The above may be dramatically illustrated by a simulation of the x-ray photon distributed on the detector, comparing Statscan with full -field radiography as follows: 
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The diagram on the left shows a so-called “Monte Carlo simulation” of x-ray beam profile in the image plane of a Statscan system. The intensity of the blue dots (mainly those between the arrow indicators) represents the relative amount primary x-ray photons and the red dots (those covering the rest of the plot area), the relative intensity of the scattered x-ray photons
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By comparison to Statscan the diagram to the right represents a similar primary (blue dots) and scattered (red dots) x-ray photon distribution plot for conventional full-field radiography
Note that for many procedures in full-field radiology, the detrimental effect of scatter is ameliorated by the use of so-called “grids” between the patient and the detector. These are x-ray opaque plates with thousands of tiny open channels all pointing at the x-ray focal spot so that mainly only the “Signal x-rays” reach the detector. The problem is that they are far from perfect at eliminating all the Noise x-rays and additionally, because of the finite sized walls between the channels, they actually block a large proportion of the Signal x-rays. Because of the Lodox Statscan very high inherent scatter rejection ratio, the use of such grids is unnecessary.
· Statscan does not obey the inverse square law of radiation intensity with distance due the it’s unique use of Linear Slit Scanning technology

Consider the two diagrams below:

[image: image4]
It is shown that for full-field radiology the radiation intensity, I, varies with the inverse square of the distance from the source (x-ray target). For Statscan, however, the radiation varies with the inverse of this distance. This has a profound effect on the radiation dose required in order to perform specific procedures. 

The table below shows how much dose would be required at the input of an imaginary object (equivalent skin entrance position) at a specified distance from the detector for one unit of dose to reach the detector. As an example, the dose for Statscan is compared with the dose for Full-Field for an object whose skin entrance position is at 400mm from the detector. Comparing the dose of Lodox with a typical conventional Full-Field system’s dose (SID of 1000mm), the Lodox dose would be 1.44 units as compared with 2.78 (see the gray shaded numbers), i.e. approximately 50%. It can be seen that at greater skin entrance distances from the detector or smaller SID’s the dose difference will be even bigger.

	For a fixed dose at the detector of 1 unit:
	
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	Full Field
	 
	 
	 
	 
	Statscan

	 
	SID:
	1
	1.1
	1.2
	1.3
	1.4
	1.5
	1.6
	1.7
	1.8
	1.9
	2
	1.3

	 
	 
	 
	
	
	
	
	
	
	
	
	
	 
	 

	Equivalent skin entrance distance from the detector:
	0
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00

	
	0.1
	1.23
	1.21
	1.19
	1.17
	1.16
	1.15
	1.14
	1.13
	1.12
	1.11
	1.11
	1.08

	
	0.2
	1.56
	1.49
	1.44
	1.40
	1.36
	1.33
	1.31
	1.28
	1.27
	1.25
	1.23
	1.18

	
	0.3
	2.04
	1.89
	1.78
	1.69
	1.62
	1.56
	1.51
	1.47
	1.44
	1.41
	1.38
	1.30

	
	0.4
	2.78
	2.47
	2.25
	2.09
	1.96
	1.86
	1.78
	1.71
	1.65
	1.60
	1.56
	1.44

	
	0.5
	4.00
	3.36
	2.94
	2.64
	2.42
	2.25
	2.12
	2.01
	1.92
	1.84
	1.78
	1.63

	
	0.6
	6.25
	4.84
	4.00
	3.45
	3.06
	2.78
	2.56
	2.39
	2.25
	2.14
	2.04
	1.86


However, for a typical comparison to chest radiography, it is apparent (see the purple shaded numbers) Lodox has a smaller dose advantage due this factor. See also Table 2 below.
· Very efficient image processing and display capabilities.

The tutorial in Section 5, explains how the use of various computer-based image processing techniques and manipulations make digital x-rays more diagnosable.  Lodox rates well in this area because:

· Use is made of state-of-the-art high brightness, large format displays that have been specifically designed for diagnostic radiology applications.

· Of the proprietary lucid™ image processing algorithm that takes the very large range of spatial and contrast information in Lodox images and presents them to the human observer in an optimally viewable form.

· It provides a wide range of functionality as expected in modern digital x-ray machines.
E. Flexibility to Optimise the Imaging Characteristics.
Lodox dynamically alters its imaging performance to optimally suit a wide range of diagnostic radiographic requirements. 

The Quantification of Statscan’s Dose Advantage over Other Modalities

Estimates of Statscan’s dose reduction compared with modern digital full-field radiology systems are more difficult to make due the lack of published figures. However, statements such as “up to 50% of conventional dose” or even “up to 25% of conventional dose” are sometimes made for other digital systems for the reasons stated in the above in the tutorial, Section 5. However, mostly due to the differences between full-field and slit-scanning radiography mentioned above, but also due to Statscan’s unique way of performing slit scanning discussed above and based on actual comparative trials with conventional; it is safe to assume that Statscan’s dose could still be some 3-5 times less than other full-field digital systems for many radiographic procedures, particularly those that normally require high radiation doses. See the table below.

[image: image5.emf]The Quantification of Statscan's Dose Advantage
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4) QC Tools

a) Description of provided QC tools 
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Calibration is performed on images of a calibration tool, Figure 1. [image: image6.jpg]



Figure 1: Calibration tool in position to be scanned
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Figure 2: Layout of automatic calibration tool
Calibration
The 100kVp 100mA image as in Figure 3 is used for extracting geometric information of the imaging system. This image is also used for determining image quality parameters. Subsequent images at different kV settings are used for determining gain curves to equalize exposure.
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Figure 3: Typical raw scan of test tool at 100kV 100mA

(Note that only four stainless steel bars were finally used)

Note that this represents a true raw image i.e. showing totally uncompensated images from each of the twelve cameras as they are scanned across the image. The images of the cameras are shown separated so that the redundant areas between cameras can be seen. The picture below shows how the cameras are overlapped by the use of parallelogram shaped optics:
Figure 4: Section of Detector showing the camera overlaps in the scanning direction
Geometrical Alignment
Y- alignment (alignment in the slit direction)
The y-alignment is determined by tracing the contour of the straight edge. Figure 5 illustrates the edge position detection method. The average intensities f0 and f1 are determined first below and above the edge. Then the row position, y, is determined where the midpoint (f0+f1)/2 occurs to sub-pixel accuracy by linear interpolation.

Figure 5: simplified intensity profile showing edge detection

Pitch

The pixel spacing is determined by measuring the position of the skew edge in the same way as the straight edge for the y-alignment. The difference between these two edge positions gives the DQE plates width. 

For each adjacent camera pair, an optimization routine determines the best overlap values, start and stop positions automatically. The cost function used averages the (separate) standard deviations of the intensities. This quantity incorporates the criterion for the visually best looking overlaps.


Figure 7: Overlapping images of the DQE plate of adjacent cameras

Once the overlaps are determined, edge position information of the adjacent camera can be used to correct (or improve) poorly detected edge position values at the camera extremes. 
Subsequently a cubic polynomial is fitted to the curve for each camera separately using singular value decomposition to achieve a smooth fitted curve which is used for pitch correction. 

Gain Calibration

At each kV setting, gain curves are collected for each of the stainless steel bars (including no bar). An example is shown in Figure 8.

Gain curve for flat field compensation at 100kv:

Figure 8: Typical Curve for Gain Correction values
Image Quality QC
The following quantities are determined from the (100kVp 100mA image only) to characterise image quality:

· STD
, Average and SNR3 for each stainless steel bar for each column

· MTF3 for each camera

· NPS3 for each camera

· NDQE3 for each camera

In order to calculate the MTF, NPS and NDQE for each camera, relevant sections of the 100kV 100mA image is geometrically corrected and gain-compensated.  The slot edge positions are also determined during this process. In practise it was found that the SNR values most closely track the true image quality performance of the detector. Examples of the typical outputs are shown below. It was found that by lowering the supply voltage (nominal 225 volts) to the detector was a good method to evaluate the sensitivity of the technique. In each case the SNR is plotted against the detector supply voltage for the best, worst and average CCD camera. 
This plot shows the results when there is no object in the x-ray beam. For this case, a SNR of 225 has been selected as minimum level for a camera to pass the go/no-go factory test at the nominal supply voltage. Once commissioned on site, SNR levels between 200 and 225 would result in cautionary to report and levels below in an immediate service request. 

This plot shows the x-ray beam has been attenuated with the 3.6mm thick stainless steel bar (equivalent to average thickness body parts). The SNR limits would be:
Factory acceptance:  > 33

Cautionary report: 25 - 33

Service Request: < 25


This plot shows the x-ray beam has been attenuated with the 7.2mm thick stainless steel bar (equivalent to very high dose procedures on extra large patients) The SNR limits would be:

Factory acceptance:  > 4.52

Cautionary report: 3.5 – 4.52

Service Request: < 3.5

The graph on the right shows the averaged NDQE, both in the scanning and in the slit directions for the group of detectors in the centre and the group at the periphery. The full DQE for every camera is actually computed according to the IEC method and displayed, but is termed NDQE, because practical consideration make’s it impractical to measure this directly on-line.
Correction
Y-alignment and Pitch correction is done performing two dimensional linear interpolation using the geometry calibration error indices. 

The final result of the equivalent fully corrected image from figure 3 is shown below:
[image: image8.jpg]



Figure 9: Fully corrected image of the Statscan Image Quality Tool
b) Recommended QC program

Image Quality QC

Using an image of the same image quality tool used for calibration and set-up above, the following quantities are determined from the (100kVp 100mA image only) to characterise image quality:

· STD
, Average and SNR3 for each stainless steel bar for each column

· MTF3 for each camera

· NPS3 for each camera

· NDQE3 for each camera

In order to calculate the MTF, NPS and NDQE for each camera, relevant sections of the 100kV 100mA image is geometrically corrected and gain-compensated.  The slot edge positions are also determined during this process. In practise it was found that the SNR values most closely track the true image quality performance of the detector. Examples of the typical outputs are shown below. It was found that by lowering the supply voltage (nominal 225 volts) to the detector was a good method to evaluate the sensitivity of the technique. In each case the SNR is plotted against the detector supply voltage for the best, worst and average CCD camera. 

This plot shows the results when there is no object in the x-ray beam. For this case, a SNR of 225 has been selected as minimum level for a camera to pass the go/no-go factory test at the nominal supply voltage. Once commissioned on site, SNR levels between 200 and 225 would result in cautionary to report and levels below in an immediate service request. 


This plot shows the x-ray beam has been attenuated with the 3.6mm thick stainless steel bar (equivalent to average thickness body parts). The SNR limits would be:

Factory acceptance:  > 33

Cautionary report: 25 - 33

Service Request: < 25


This plot shows the x-ray beam has been attenuated with the 7.2mm thick stainless steel bar (equivalent to very high dose procedures on extra large patients) The SNR limits would be:

Factory acceptance:  > 4.52

Cautionary report: 3.5 – 4.52

Service Request: < 3.5

The graph on the right shows the averaged NDQE, both in the scanning and in the slit directions for the group of detectors in the centre and the group at the periphery. The full DQE for every camera is actually computed according to the IEC method and displayed, but is termed NDQE, because practical consideration make’s it impractical to measure this directly on-line.
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� . However, due to practical considerations these detectors are used in combination or “binned” together, adding 2x2, 4x4, 6x6 or 8x8 arrays of them together.


� This results in a greatly increased SNR in the high contrast areas which in turn accounts for Statscan’s very good soft tissue visibility.


� For Example: For 2x2 binning, the signal is increases by a factor of 4 and noise approximately by a factor of 2. This results in the signal to noise ratio increasing by a factor of 2. So it is apparent that noise per pixel actually increases in binning, but the signal increases proportionately more.


� The x-rays photons can be thought of as being radiated non-isotropically from the line focal spot (target) and only in a direction at right angles to the focal line and radially from the focal line.


� STD = standard deviation; MTF = modulation transfer function;  NPS = noise power spectrum; SNR = signal to noise ratio; NDQE = notional DQE, used for comparative reasons only
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