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Digital Image Acquisition and Display

Description

Content is designed to impart an understanding of the components, principles and operation of digital imaging systems found in diagnostic radiology. Factors that impact image acquisition, display, archiving and retrieval are discussed. Guidelines for selecting exposure factors and evaluating images within a digital system assist students to bridge between film-based and digital imaging systems. Principles of digital system quality assurance and maintenance are presented.
Content 

I. Basic Principles of Digital Radiography

A. Digital image characteristics

1. Picture elements – pixels

2. Pixel size

3. Matrix size

4. Spatial resolution 

5. Bit depth

6. Information content – megabytes/image

B. Digital receptors

1. Cassette-less systems 
a. Thin film transistor (TFT) arrays
b. Charged coupled device (CCD) and complementary metal oxide semiconductor (CMOS) systems

1) Linear scanning arrays

a) Fixed photostimulable phosphor (PSP) plates

2) Optically coupled cameras

a) Phosphor structure

b) Detector characteristics

2. Cassette-based systems

a. PSP plates

1) Turbid phosphors 

2) Structured phosphors

C. Comparison of detector properties and evaluative criteria

1. Detective quantum efficiency (DQE) predicts dose efficiency

2. System speed vs. “speed class” operation

3. Spatial resolution

a. Cassette-based systems

1) Sampling frequency – pixel pitch
2) Receptor size vs. sampling frequency
3) Light spread – phosphor layer thickness

b. Cassette-less systems – detector element size

4. Advantages over film-screen
a. Increased dynamic range

b. More contrast resolution

5. Limitation relative to film-screen
a. Lower spatial resolution

b. Strong dependence of image quality on

1) Image processing

2) Display characteristics

D. Dynamic range vs. latitude

1. Dynamic range of the detector
a. Acquisition data width

b. Greater than film-screen
2. Latitude – allowable error for optimal image acquisition

a. Actual exposure latitude is approximately double that of film-screen

1) 50% below ideal causes mottle 

2) Greater than 200% above ideal results in loss of contrast

b. Beam-part-receptor alignment latitude less than film-screen
II. Image Acquisition

A. Raw data acquisition – “latent image”

1. Positioning

2. Exposure field alignment and collimation
a. Cassette-less system

b. Cassette-based system

3. Exposure – technique selection

B. Image extraction – cassette-less system
1. Rows and columns read line by line

2. Data transferred to external electronics

3. Digitized by analog to digital converter (ADC)

4. Histogram created and analyzed by software
5. Initial image processing

a. Exposure field recognition

b. Histogram analysis

c. Automatic rescaling – risk of failure
C. Image extraction – cassette-based system
1. Plate scanned by laser

2. Signal data digitized by ADC

3. Exposure field(s) identified

4. Histogram created and analyzed by software

5. Initial image processing

a. Exposure field recognition

b. Histogram analysis

1) Exposure index determination – risk of inappropriate value

2) Automatic rescaling – risk of failure

D. Exposure indicators
1. Cassette-less systems

a. Dose area product (DAP)

1) Actual patient dose of calibrated
2) No established DAP standard
3) Receptor exposure not indicated 
b. Relationship to patient exposure

1) Exposure indicator – “speed class”

2) Reached exposure index (REX)
2. Cassette-based systems
a. Vendor specific values

1) Sensitivity (“S”) 

2) Exposure index (EI)
3) Log mean exposure (LgM)
b. Relationship to patient exposure

c. Reader calibration 
d. Centering and beam collimation

e. Optimal value ranges
III. Image Acquisition Errors
A. Exposure field recognition

1. Single field patterns – collimation margins and alignment

2. Multiple exposure fields – optimal patterns

B. Histogram analysis error
1. Incorrect anatomic menu selection
2. Exposure field not detected

a. Collimation border recognition

b. Exposure field distribution – multiple fields/plate

3. Unexpected material in data set, i.e., metal

4. Large exposure error – plate saturation
5. Inappropriate rescaling – dark or light image

C. Low intensity radiation response

1. Background

a. Cassette-less system constantly refreshed 
b. Cassette-based system plate is storage phosphor

1) Stores background exposure

2) Plate responds to an exposure as low as 60 µR

3) Background  is 40 µR/day to 80 µR/day

4) Plates unused for more than 48 hours should be erased

2. Scatter

a. More intense than background

b. Scatter control becomes critical

D. Scatter control

1. Beam limiting

2. Optimal exposure - overexposure produces more scatter

3. Grid use
a. Kilovoltage (kVp) conversion preferred
b. Grid cutoff produces low contrast
c. Compare short dimension (SD) grid and long dimension (LD) grid

d. Moiré effect
1) Grid frequency approximately equal to Nyquist 

2) Reduce risk – unmatched frequencies

a) Grid frequency less than Nyquist (178 lpi)

b) Grid frequency greater than Nyquist (103 lpi)

IV. Software (Default) Image Processing

A. Automatic rescaling 
B. Final image processing

1. Gradient processing
a. Brightness
b. Contrast 
2. Frequency processing
a. Smoothing
b. Edge enhancement
3. Equalization
C. Effects of excessive processing

D. Recognition of image processing errors that affect image clarity
V. Fundamental Principles of Exposure
A. Optimal receptor exposure

1. Receptor exposure variables

2. Receptor exposure control

B. Receptor response - DQE
C. Selection of exposure factors 
1. Same principles as film-screen
a. Maintain consistent specific receptor exposure

b. Control scatter

c. Adjust for differences in:
1) Structure composition

2) Source-to-image receptor distance (SID)
3) Grid utilization 

D. Exposure myths associated with digital systems

1. Milliampere-seconds (mAs)
2. kVp 

3. Collimation
4. Grid

5. SID 
6. Speed class

7. Fog
E. Control patient exposure
1. Higher kVp levels

2. Additional filtration 
3. Interfacing with automatic exposure control (AEC) systems
4. As low as reasonably achievable (ALARA) principles
F. Monitor patient exposure

1. Part of quality assurance (QA) program

2. Vendor supplied software

3. Logbook
VI. Image Evaluation

A. Evidence of appropriate exposure level

1. Exposure indicator
a. Low contrast due to overexposure

b. Noise due to underexposure

2. Evidence of exposure recognition failure or histogram analysis error

a. Image brightness 
b. Low contrast

c. Off focus/scatter outside exposure field

B. Contrast

1. Appropriate for exam 
2. Evidence of processing error

C. Recorded detail

1. Image blur
2. Spatial resolution

3. Distortion

4. Mottle
D. Artifacts

VII. Quality Assurance and Maintenance Issues

A. Initial acceptance testing 

B. Cassette-based system reader preventive maintenance (PM)
C. Plate maintenance

1. Cleaning and inspecting plates

2. Erasing plates

D. Uniformity of default processing codes

E. Reject analysis

VIII. Display

A. Monitor

1. Liquid crystal display (LCD)

2. Cathode ray tube (CRT)

B. Film

1. Lose dynamic range

2. Thermal film degradation

3. Film storage

C. Picture archiving and communication system (PACS)

1. Terminology

2. System components and function

3. PACS 

a. Image manipulation

b. Access to report information

c. Access from multiple locations

d. Image retrieval 

e. PACS issues – contingency plans

4. Digital imaging and communication in medicine (DICOM)
D. Teleradiology

E. Radiographer’s responsibilities

1. Access order (worklist)

2. Image acquisition 
3. Postprocessing – image manipulation

4. Annotation issues
5. Transmitting image(s) to PACS

6. HIPAA and patient confidentiality
Image Analysis

IX. Image Appearance Characteristics

A. Density/brightness

1. Film-screen equal to density

2. Digital/PACS equal to brightness

B. Contrast

C. Recorded detail/spatial resolution
D. Distortion
E. Exposure index

1. Interpretation

2. Modifiers
X. Corrective Action

A. Equipment

1. Radiographic system 

a. Film-screen
b. Digital
2. Fluoroscopic unit

B. Digital fluoroscopy

1. Types of acquisition

a. Video analog to digital

b. Charge coupled device – CCD

c. Flat panel detector 

2. Operations and technique

Digital Image Acquisition and Display
Objectives

· Define terminology associated with digital imaging systems.
· Describe the various types of digital receptors.

· Discuss the fundamentals of digital radiography, distinguishing between cassette-based systems and cassette-less systems.

· Compare the image acquisition and extraction of cassette-based vs. cassette-less systems, including detector mechanism, initial image processing, histogram analysis, automatic rescaling and exposure index determination.

· Describe the evaluative criteria for digital radiography detectors.

· Describe the response of digital detectors to exposure variations.

· Compare the advantages and limits of each system.

· Given the performance criteria for a digital radiography detector, evaluate the spatial resolution and dose effectiveness.

· Compare dynamic range to latitude of a screen/film receptor system to that of a digital radiography system.

· Describe the histogram and the process or histogram analysis as it relates to automatic rescaling and determining an exposure indicator.

· Describe or identify the exposure indices used by each photostimulable phosphor (PSP)-based system.

· Describe the difference between dose area product (DAP) measured with a flat panel system vs. the exposure index for a PSP-based system.

· Relate the receptor exposure indicator values to technical factors, system calibration, part/beam/plate alignment and patient exposure.

· Describe image acquisition precautions necessary for CR imaging.

· Describe the response of PSP systems to background and scatter radiation

· Utilize appropriate means of scatter control.
· Avoid grid use errors associated with grid cut off and Moiré effect.
· Identify common limitations and technical problems encountered when using PSP systems.

· Employ appropriate beam/part/receptor alignment to avoid histogram analysis errors.

· Describe the various image processing employed for digital images.

· Associate impact of image processing parameters to the image appearance.

· Associate effects of inappropriate processing on image clarity or conspicuity.

· Describe the fundamental physical principles of exposure for digital detectors.

· Apply the fundamental principles to digital detectors.

· Describe the selection of technical factors and technical factor systems to assure appropriate receptor exposure levels for digital detectors.

· Evaluate the effect of a given exposure change on histogram shape, data width and image appearance.

· Describe the conditions that cause quantum mottle in a digital image.

· Formulate a procedure or process to minimize histogram analysis and rescaling errors.

· Describe the exposure precautions and limitations associated with PSP-based 
 systems.

· Avoid poor quality images by observing acquisition precautions. 

· Examine the potential impact of digital radiographic systems on patient exposure and methods of practicing the as low as reasonably achievable (ALARA) concept with digital systems.

· Describe Picture Archival and Communications System (PACS) and its function.

· Identify components of a PACS system.

· Describe patient benefits gained through the use of teleradiology.

· Identify modality types that may be incorporated into a PACS.

· Define Accession Number.

· Describe Worklist and correct usage.

· Define digital imaging and communications in medicine (DICOM).

· Describe how an image is associated with a radiology order to create a DICOM image.

· Describe data flow for a DICOM image from an imaging modality to a PACS.

· Describe HIPPA concerns with electronic information.

· Identify common problems associated with retrieving/viewing images within a PACS.

· Identify the primary uses of the Diagnostic Display Workstation and Clinical Display Workstation.

Digital Radiography Home Page
http://homepage.mac.com/kieranmaher/digrad/index.html
