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Grey Scale Medical Image Presentations
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Image Display

• The final element of the imaging system chain.

• Should be appropriate for the intended medical application 
and its performance should be stable over time.

• Acceptance testing and quality control testing are essential 
requirements for high-quality medical practice,



Image Display Standards

• Ensure the quality of monitors to display images upon 
which clinical decisions are made.

• Assess the capability of your workstation to display the 
grey-scale images.



SMPTE -- Society of Motion Picture and Television Engineers

• Recommends a Medical Diagnostic Imaging Test Pattern in 
1991.

• Describes the format, dimensions, and contrast required to 
make diagnostically significant measurements of the display 
and camera system resolution.

• For both digital and analogue monochrome signal sources.

• More information from http://brighamrad.harvard.edu



• Brightness and Contrast – being able to see the inner square

5%
95%



• Spatial Resolution and Aliasing – differentiate all the lines

2, 4, or 6 
pixels in 
width



BWH Test Pattern – Brigham and Women's Hospital

• To determine whether the contrast and brightness settings 
of your monitor are acceptable.



DICOM – Digital Imaging Communications in Medicine

• Was initiated in 1992 by ACR (the American College of Radiology) 
and NEMA (National Electrical Manufacturers Association)

• Is being developed in liaison with other Standardization Organizations 
in Europe and in Japan.

• Widely applied in medical fields.

• One of the advantages using DICOM format for image 
communications is to be able to achieve similar appearanceof images 
across display devices, i.e., what you see is what you get. 



Part 14: Greyscale Standard Display Function (GSDF)

• Was amended in 2004.

• It specifies a standardized Display Function for displaying greyscale 
images.

• It defines mathematically an appropriate Greyscale Standard Display 
Function (GSDF) for all image presentation systems.

• It provides some level of similarity in greyscale perception for a given 
image between different display systems with varying luminance 
levels.

• More information: 
ftp://medical.nema.org/medical/dicom/2004/03v04dif/03v04_14.pdf



DICOM

Modality
Value of 
interests

Standardised 
Display 
System

Polarity Presentation

Image 
Presentation

• The GSDF is an element of the image presentation after several 
modifications to the image have been completed by other elements of 
the image acquisition and presentation chain.



P-values

Standardised Display System

P-values 
to DDL

Display 
System

luminanceDDL

• DDL = Digital Driving Levels



DICOM Display Consistency

• The GSDF presented as logarithm-of-Luminance versus JND-Index



DICOM Display Consistency

• Based on Barten's model of human visual perception.

• DICOM defines a luminance function for a theoretical ideal display 
(screen or lightbox) through which an average viewer would perceive the 
distribution of brightness values as a linear relationship. 

• Divides 0.05-4000 cd/m2 into 1024 JNDs (Just Noticeable Difference) 
steps, a perceptually linearised Standard Target.

• The correction function would then - as far as this is possible -
approximate the image display to that of the ideal display. 



An Illustration for Emissive Display Systems (CRT)

Light/photo
meter

Step 1: Measuring the system characteristic curve



Step 2: Finding the relationship between the monitor 
of interest and GSDF.



Step 3: Transformations



Measurement 
for a printer

P-values for 
Transformation to 
reflective medium

Transformed curve for a reflective hard-copy display systems

Conversion between Different Display Media



TG18 -- The American Association of Physicists in 

Medicine (AAPM) Task Group 18

• Provides guidelines to practicing medical physicists and engineers 
for in-field performance evaluation of electronic display devices. 

• Provides test patterns in the format of DICOM, 16 bits-tiff, and 8-
bits tiff.

• Each pattern has 1K (1024 x 1024) and 2K (2048 x 2048) forms 
to suit varying display resolutions.

• More information at
http://deckard.mc.duke.edu/~samei/tg18_files/tg18.pdf



TG18-QC Test Pattern – multiple purpose



Some Other TG18 Test Patterns

TG18-CT low-contrast test 
pattern for the evaluation of the 
luminance response of display 
systems.

The TG18-MP test pattern for 
visual evaluation of display 
bit-depth resolution.



TG18 Anatomical Images

TG18-KN TG18-CH



TG18 Anatomical Images

TG18-MM1 TG18-MM2 



Colour Communications over Internet



Key factors

• Communication equipment

– Speed – real time

• Interactive Computer/TV

- Colour Fidelity – accurate colour appearance



Why Colour Fidelity ?

• There are variety of media to display colours.

-> Colour films.

-> colour monitors

-> colour papers.

-> Tele-dermatology



A colour stimulus

Spectral 
reflectance

Or 
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Colour Reproduction in Telemedicine

Monitor 1 Monitor 2



Difficulties to achieve colour fidelity (1)

• Different media

Monitor

Printer

Paper



Difficulties to achieve colour fidelity (2)

• Different Colour Spaces

Monitor

Printer

Paper

RGB

CMYK



Back to the Basic --- Colour Specification Systems

• Sample Colour Specification systems

-> Using physical colour samples

-> Matt or gloss papers

-> Natural Colour Systems (NCS)

-> Munsell Colour System



Back to the basic --- Colour Specification Systems

• CIE XYZ --- CIE Tristimulus Values

• CIE standard observers

• CIE Colour difference models --- CIELAB, CIELUV

• CIE colour appearance model --- CIECAM

-> make a step further to achieve colour fidelity



Colour reproduction based on CIECAM

RGB Image

Forward Monitor 
Model

XYZ Image

Forward CIECAM

LCH Image

CMYK Image
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Reverse Printer 
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Reverse CIECAM



Colour Reproduction for Internet (1)

• Monitors are CRT (Cathode Ray Tube) display or 
LCD (Liquid Crystal Display)

• Variety of phosphors

• Variations in gamut - a device’s range of realisable colours



Colour Reproduction for Internet (2)

• Same results require different values

-> Same values produce different colours

-> Same colours require different values



Colour Values Conversions

• Transform

-> look-up table and interpolations

-> Device model formulae



Problems

• Both source and destination must be known

• Each source and destination handled independently



ICC Profile --- The International Colour Consortium

• Established in 1993

• To create a vendor-neutral, cross-platform 
colour management system

• Developed an ICC standard profile specification



ICC Profile --- Workflow

• Profile -- a file contains key information for a system

• Examples

-> input device (scanner, digital camera, etc.)

-> colour space (CIEXYZ, L*a*b* , etc.)

-> image (TIFF format, 123 x 456 pixels, etc.)

• ICC profile contains transforms from device to common 
colour space..

• The common colour space is called profile connection space
(PCS)



ICC Profile --- Workflow (2)

• ICC profile format

-> 128 byte header

-> Tag-based (like TIFF)

-> Public optional tags

-> Private tags



ICC Profile --- Workflow (3)

• Monitor profile supplied by system

• Workspace profile set by user
How?



Colour management system 

--- Spyder with OptiCAL



Colour Management System --- Spyder with OptiCAL

• With ICC profile specification

• works for both CRT and LCD monitors

• Spyder is to calibrate monitors and to provide ICC 
profile specifications as built-in colour specifications for 
that monitor

• To achieve colour fidelity cross monitors



Colour Communication for Telemedicine
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Tele-Surgery in China over Internet



Our Approach

Modelling
Calibration



Method of measure (1)

monitor

Calibrate monitor

Spyder

� Step1

Computer



Method of measure (2)

• Step 2

Take picture

Colourchecker(24 colours)

Digital camera



Method of measure (3)

computer

Step 3

Get the mean sRGB
values of colour

Picture



Method of measure (4)

• Step 4

Get Lxy values of each 
colour from colourchecker

measure

Chroma meter

Colour checker(24 colours)



Results

The CIE x,y chromaticity diagram
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Original Colour 
without camera 
calibration

Camera calibrated colour



Discussion (1) – Grey Scale Test Patterns 

• SMPTE, DICOM, AAPM-TG18 are different groups with varying aims.

• SMPTE RP 133 was proposed earliest and has been implemented by 
medical equipment.

• But SMPTE can’ t satisfy all the grey levels to be seen clearly, nor can 
guarantee that the same image will appear the same at different viewing 
devices..

• DICOM emphasises the visual perception when viewing an image and can 
achieve the same appearance for the same image at difference displays.

• DICOM does not take account of distortion and artefacts.

• TG18 is similar to SMPTE with wider usage.

• TG!8 pays more attentions to the display qualities of medical images.



Discussion (2) – Colour Communications

• There is a still long way to really achieve colour 
fidelity.

• Combination with CIECAM might help, ie, with 
implementation of LCH space.



The end !

Thank you!


