Appendix for Digital Image Acquisition and Display

Note: The following content represents the development of this appendix by the curriculumrevision project group at the time of posting.

Glossary of Terms

Amorphous silicon (a-Si) – Amorphous materials make flat-panel detectors possible. Early semiconductor technology required single-crystal silicon, which limited the size of electronic devices to the largest single crystal that could be grown. The development of amorphous siliconmaterials, which have the same structure as single crystals over short distances but are less orderedover larger distances, has enabled fabrication of flat-panel thin-film transistor (TFT) arrays largeenough to be used as the basis for all flat-panel x-ray detectors.

Amorphous selenium (a-Se) – Amorphous selenium layers have the same structure as single crystals over short distances, but are less ordered over larger distances. As a result, amorphous selenium layers provide uniform x-ray detection over the large areas needed by flat-panel x-ray detectors. Direct-conversion detectors use amorphous selenium. The a-Se can be deposited onto amorphous-silicon TFT arrays.

Automatic rescaling (Auto Ranging, rescaling, scaling, normalization) – Software function maps the grayscale to the values of interest (VOI) in the histogram. This feature provides image brightness that is at a prescribed level over a large range of exposure. With some digital systems the image brightness will be consistent for a 50X – 100X change in exposure.

Bit depth – The available grayscale for image acquisition and display. Bit depth is equal to 2n, where ‘n’ is the number of bits. Bit depth cannot be changed after equipment is purchased and is avendor-specific system characteristic (i.e., 8 bits = 256 shades of gray, 10 bits = 1,024 shades of gray, 12 bits = 4,096 shades of gray).

Complimentary metal-oxide semi-conductor (CMOS) – A photographic detector. None are in use except for intraoral dental imaging.

Contrast resolution – The smallest exposure change (signal difference) that can be captured by a detector. Ultimately, contrast resolution is limited by the dynamic range and the quantization (number of bits per pixel) of the detector. Increased contrast resolution is considered one of the major advantages of digital receptors, and tends to counteract the lower spatial resolution of many digital systems.

Detective quantum efficiency (DQE) – An indicator of the potential “speed class” or dose level required to acquire an optimal image. The DQE performance is obtained by comparing the image noise of a detector with that expected for an “ideal” detector having the same signal-response characteristics. The only source of noise in an ideal detector results from the incident x-ray quantum statistics.

Detector size or field of view (FOV) The detector size and FOV describes the useful imageacquisition area of an imaging device. Cassette- less digital systems have a fixed OV which makes some projections difficult, while cassette based CR systems have flexible FOV’s like screen/film.

Detector element (DEL) – The detector element is the smallest resolvable area in a TFT- or CCDbased

digital imaging device.

Dynamic range – The range of exposures over which a detector can acquire image data. Digital

image acquisition systems are capable of capturing an image across a much larger range of

exposures than film-screen. The increased dynamic range allows more anatomical structures to be

captured during an exposure. Typical digital systems will respond to exposures as low as 100 μR

and as high as 100mR. In order to visualize all of the anatomy, the image has to be displayed on a

system that allows the viewer to manipulate the window and level. Dynamic range should not be

confused with exposure latitude.

Exposure latitude – The range of receptor exposures that provides a quality, low noise image at an

appropriate patient exposure consistent with ALARA. Exposure latitude is not the exposure range

which will be rescaled to consistent image brightness.

Histogram – A data set, in a graphical form, of the pixel digital values vs. the prevalence number

of those values in the image. The horizontal axis represents pixel exposure, the vertical axis

represents incidence of those values. The software has histogram models for all menu choices. The

histogram models include values of interest (VOI) that determine what part of the data set should

be incorporated into the displayed image.
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Image noise – All images have unwanted fluctuations in brightness that are unrelated to the object being imaged. These are collectively described as image noise. In addition to the x-ray quantum noise, which cannot be avoided, imaging systems contribute additional noise to an image. Underexposed digital images exhibit objectionable quantum noise. The electronic components of all digital detectors and displays also add noise. Indirect-conversion detectors may contribute additional noise via the improved conversion of photons to data.

Look up table (LUT) – The default gradient curve applied to the data set of your image

determining the initial display contrast. The LUT can be adjusted after the initial image processing has been applied.

Matrix size – The matrix size is the number of pixels that that make up the image this is normally expressed in terms of the number of pixels in two orthogonal directions (length and width of the image. The matrix size is dependent on FOV and pixel size. Matrix size also may be used to describe the number of detector elements that comprise the active FOV of a detector.

Modulation transfer function (MTF) – A measure of the ability of the imaging system to preserve signal contrast as a function of the spatial resolution. Every image can be described in terms of the amount of energy for each of its spatial frequency components. MTF describes the fraction of each component that will be preserved in the captured image. MTF often is regarded as the ideal expression of the image quality provided by a detector.

Nyquist frequency – The highest spatial frequency that can be recorded by a digital detector. The Nyquist frequency is determined by the pixel pitch. The pixel pitch is determined by samplingfrequency for cassette-based PSP systems and by DEL spacing for TFT flat panel. The Nyquist frequency is half the number of pixels/mm. A digital system with a pixel density of 10 pixels/mm would have a Nyquist frequency of 5 line pair/mm.

Photodiode – An electronic element which converts light into charge. With indirect TFT detectors this is accomplished by a light-sensitive amorphous silicon photodiode on top of the TFT array.

Photoconductor – Amorphous selenium TFT detectors, the a-Se layer forms a continuous x- ray–sensitive photoconductor that converts x-ray energy directly to charge. This charge can be directly “read out” by the TFT array. A photodiode is not necessary with a-Se detectors.

Pixel – A “picture element,” or pixel, the smallest area represented in a digital image. A digital radiography image consists of a matrix of pixels which is typically several thousand pixels in each direction.

Pixel density – A term that describes the number of pixels/mm in an image. Pixel density is determined by the pixel pitch.

Pixel Pitch – The space from the center of a pixel to the center of the adjacent pixel. It is measured in microns (μm). Pixel pith is determined by the DEL size or the sampling frequency.

Processing algorithm – The mathematical codes use by the software to generate the image appearance desired by the viewer. The processing algorithm includes gradient processing (brightness & contrast), frequency processing (edge enhancement and smoothing) and other more complex processing such as equalization. The processing algorithm also may be referred to as the default processing codes and is linked to the anatomical menu items (i.e., the body part and projection chosen on the user interface menu determines which processing algorithm will be applied to your image data). The software will try to match the histogram of your image data to the histogram model of the chosen exam and projection.

Quantization – All x-ray digital receptors respond smoothly and continuously to the incident exposure. Digital images require each pixel to be assigned a unique value (quantized), so that a unique gray shade is assigned to that pixel. The number of levels that can be represented digitally is determined by the system’s bit depth. The bit depth for digital radiography systems ranges from 10 bits (1,024 gray shades) to 14 bits (16,384 gray shades).

Sampling frequency – The frequency that a data sample is acquired from the exposed detector. Sampling frequency is expressed in pixel pitch and pixels per mm. Sampling frequency may be determined by receptor size depending on the vendor. (As of 2006 Kodak, Konica and Agfa have different sampling frequencies based on receptor size. As receptor size decreases sampling frequency increases; therefore spatial resolution increases.)

Scintillator – A material that absorbs x-ray energy and re-emits part of that energy as visible light. Indirect TFT flat panel detectors use a scintillator. Two modern high-efficiency x-ray scintillators are cesium iodide and gadolinium Oxysulfide. Cesium iodide is hygroscopic and must be hermetically sealed to avoid water absorption or it will degrade rapidly. Gadolinium Oxysulfide is commonly used in x-ray intensifying screens to expose film. It is a highly stable material, but has significantly more light spread than a layer of cesium iodide with equal x-ray absorption.

Signal-to-noise ratio (SNR) – Noise, especially quantum noise, ultimately limits our ability to see an object’s edge (signal difference); SNR can be used to describe the edge conspicuity of a particular object under well-defined exposure conditions. DQE is a measure of the efficiency with which the SNR of the incident exposure is preserved in an image.

Spatial resolution – A characteristic of the imaging system. Maximum spatial resolution (Nyquist frequency – line pairs per millimeter or lp/mm) is equal to one-half the number of pixels/mm (i.e., if the sampling frequency is 5 pixels/mm, the maximum spatial resolution is 2.5 lp/mm). Spatial resolution depends on the sampling frequency for cassette-based systems and the detector element size for cassette-less systems. With TFT-based detectors the actual spatial resolution is near the Nyquist frequency. With PSP-based CR systems the spatial resolution is less than the Nyquist

frequency to the light spread from the PSP plate during image extraction. Unlike screen film systems there is no correlation between exposure level and spatial resolution.

Structured (needle) phosphor – A phosphor layer with columnar phosphor crystals within the active layer. Resembles needles lined up on end and packed together.

Thin film transistor (TFT) – An electronic switch on flat-panel detectors commonly made of amorphous silicon. The TFT allows the charge collected at each pixel to be independently transferred to external electronics, where it is amplified and quantized.

Tiling – A process whereby several flat-panel detectors are joined to obtain one larger detector. Tiling results in segments that have unequal response requiring flat-field correction for flat-panel detectors.

Turbid Phosphor – A phosphor layer with a random distribution of phosphor crystals within the active layer. This layer can be used in both cassette-based and cassette-less systems and is similar to a standard intensifying screen used with film (as of 2007 all cassette-based systems, with the exception of the Agfa scan head, employ turbid structure.

Content – (numbering matches ASRT  content outline)
I. Basic Principles of Digital Radiography

B. Digital receptors – Cassette-based and Cassette-less

1. TFT arrays

a. Direct vs. Indirect – Direct uses amorphous selenium, x-rays are converted directly

into electrons (only Hologic). Indirect uses a scintillator, which converts x-rays to

light and then light is converted into electrons by a silicon layer just above the TFT

(all other vendors)

b. Turbid phosphor vs. Structured phosphor – structured phosphor layer demonstrates

less light spread than turbid.

2. CCD and CMOS systems – both use a scintillator. These systems are camera-like,

they both use lenses to focus the light onto a detector.

C. Comparison of detector properties and evaluatory criteria

1. DQE – Predicts how high or low the patient dose may be. Higher DQE means you

may have lower patient doses. If DQE is too high, the image will be noisy due to low

mAs. Factors that may influence the DQE are phosphor absorption efficiency and

conversion efficiency.

2. System speed vs. “speed class” operation – because digital systems can be used at a

wide range of exposures the term “speed” is an inappropriate descriptor (*Huda).

Speed class refers to the operational exposure level at which a digital system is

operated; you can have technique charts that will operate the system at a specific

speed class. (You can operate at a 50 speed class or a 400 speed class with the exact

same piece of equipment.) With screen/film the relative speed determined the

techniques used; with digital the techniques used determine the speed class at which

the equipment operates. As speed class increases the likelihood of noise increases, as

speed class decreases the patient exposure increases.

D. Dynamic range vs. latitude

2. Latitude – amount of error for optimal image acquisition. Automatic rescaling

provides a false sense of very large latitude.

a. Exposure latitude is the range of techniques that will produce and image that has an

acceptable appearance and does not violate ALARA. It should be considered an

ALARA violation if exposure is more than double the optimal.

b. Beam-part-receptor alignment latitude – collimation must be such that the software

is able to detect collimated edges so that the histogram analysis is only performed

on the data within the exposure field. If the exposure field is not recognized

accurately, the histogram will contain data outside the exposure field, widening the

histogram resulting in a histogram analysis error followed by a rescaling error.

Resulting in a repeat being necessary. Newer software is more forgiving in this

area.

II. Image acquisition

B and C. Image extraction –

5. Histogram analysis- the software compares the histogram from your image data set to

the histogram model you chose on the menu. If there is a significant difference

between image data set histogram and the model a histogram analysis error may

occur resulting in a poor quality image displayed.

D. Exposure indicators

1. Cassette-Less

a. DAP – Dose Area Product

1). Actual patient dose measured by a DAP meter embedded in the collimator. The DAP value is dependent on the exposure and field size and is expressed in cGy/m2. DAP meters must be routinely calibrated to assure accuracy.

2. Cassette based– represents exposure level to plate

a. Vendor specific values

1). Sensitivity “S” (Fuji, Philips, Konica) inversely related to exposure- 200 S# =1mR to the plate – optimal range 250-300 for trunk, 75-125 for extremities

2). Exposure Index (EI)- (Kodak) – directly related to exposure has a logarithmic component (change of 300 in EI = factor of 2; i.e. 1800 is exposed twice as much as 1500) optimal range 1800-1900.

3). Log Mean (LgM) - (Agfa) – directly related to exposure has a logarithmic component (change of 0.3 in LgM = factor of 2, ie 2.3 is exposed twice as much as 2.0) optimal range 1.9-2.1.

c. Reader calibration – for exposure indicators to be meaningful readers must be

recalibrated annually with a calibrated ion chamber by a medical physicist or

qualified service engineer.

d. Centering and Beam Collimation – misalignment may cause a histogram analysis

error may lead to incorrect exposure indicators.

III. Image Acquisition Errors

A. Exposure Field recognition – inappropriate collimation margins or beam alignment may

result in histogram analysis errors and rescaling errors.

Inappropriate multiple field distribution.  (DIAGRAMS)
􀂡 Appropriate multiple field distribution.

􀁹 Field needs to be. .

􀂃 “Centered” to plate segment

􀂃 Clean collimation margins betweenfields & between edge of field andplate’s edge.

􀂐 Acceptable multiple fields

􀁹 Symmetrical field distribution.

􀂖 Clean collimation betweenfields.

􀂖 No overlap.

D. Scatter control

3. Grid use

a. In order to limit patient dose, kVp should be used to compensate for grid use rather than mAs. Digital imaging changes in kVp will not greatly affect the radiographic contrast as it did with screen/film.

IV. Software (Default) Image processing – set by vendor. If images do not have desired

appearance, default image processing codes need to be changed rather than routinely post

processing to improve image appearance.

2. Frequency processing

a. Smoothing – a software function to reduce the appearance of noise in your image.

Applying smoothing software results in a loss of fine detail such as trabecular bone.

This will not improve edge visibility (i.e. the image looks nicer but the info is not

there).

b. Edge enhancement – an artificial increase in display contrast at an edge.

3. Equalization – a software function designed to even the brightness displayed in the

image. Light areas of the image (low exposures) are made darker and dark areas of

the image (high exposures) are made lighter.

C. Effects of excessive processing – degrades visibility of specific anatomical structures and

may create false information resulting in missed or misdiagnosis due to inappropriate

default processing.

V. Fundamental principles of exposure

D. Exposure myths associated with digital systems

1. mAs – myth: digital is mAs driven. Truth: digital is exposure driven. The digital

detector is unable to discriminate whether the exposure change was mAs or kVp. The

only thing that matters is exposure to pixels.

2. kVp – myth: digital is kVp driven. Truth: see above

3. Collimation – myth: you cannot collimate. Truth: you can and should collimate.

Inappropriate collimation will cause a histogram analysis error.

4. Grid – myth: cannot use grids and don’t need them. Truth: digital systems are

sensitive to scatter just like film; in fact they are more sensitive. Appropriate grid use

is even more important. A grid should be used when the remnant beam is more than

50% scatter, chest larger than 24cm and anything else larger than 12cm.

5. SID – myth: magnification doesn’t occur with digital so SID is unimportant. Truth:

Geometric rules of recorded detail and distortion are unchanged from film to digital.

6. Speed class – myth: it is a 200 speed class, you need to double your mAs and increase

your kVp by 10. Truth: this technique adjustment would be like changing to a 100

speed class from a 400 speed class. Also your digital system will operate at whatever

speed class you choose.

7. Fog – myth: digital systems can’t be fogged by scatter or background radiation. Truth:

digital systems are more sensitive to both. Myth: fluorescent lights fog PSP plates.

Truth: that is not true.

E. Control patient exposure

1. Higher kVp levels - may be 5 to 15 kVp higher than with screen/film. With

corresponding mAs, adjustment is made to provide the same receptor exposure and

the image processing codes are changed to provide the appropriate contrast display.

2. Additional filtration – use of 0.1-0.2 mm of copper is recommended to reduce patient

dose.

F. Monitor patient exposure-see ASRT position statements from 2005

VI. Image Evaluation

VII. Quality Assurance and Maintenance Issues
A. Initial acceptance testing – just make the point that this needs to be done

C. Plate maintenance

1. Cleaning and inspecting plates – every 3 months is suggested or as needed due to

conditions. Use only approved products.

2. Erasing plates – every 48 hours if unused

D. Uniformity of processing codes – all systems within a facility should use identical

processing codes to ensure image appearance consistency

VIII. Display

A. Monitor – it needs to be pointed out that in most facilities the technologists’ workstations

have significantly different monitors and viewing conditions than the radiologists. How it

looks to you on the workstation in the brightly lit work area will be very different from

how it looks on the radiologists’ high-resolution monitors in the dark reading room.

B. Print to film

1. Sacrifice dynamic range of digital image on monitor when printed to film

2. Thermal film degradation – film is very sensitive to heat both before and after

printing. If you leave a printed film in your hot car, the image will fog.

3. Film storage – heat and moisture are a larger issue than they were for an analog film.

C. Picture Archiving and Communications Systems (PACS)

1. Terminology -

2. System components and functions -

a. Modalities – all modalities in a facility can be networked to the same PACS server.

b. Short and Long Term Archives – make a note that this includes an off-site archive

of images for disaster recovery that should be regularly updated.

c. Display workstations
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