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Quality Assurance of Primary 
Display Devices

• Standards
• Performance Criteria
• Test methods (LCD only)
• QA program design and experience

AAPM 2004

Quality Assurance
(ACR)

“A test image, such as the SMPTE test pattern should 
be captured, transmitted, archived, retrieved, and 
displayed at appropriate intervals, but at least 
monthly, to test the overall operation of the system 
under conditions that simulate the normal 
operation of the system.”
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Quality Assurance
(ACR)

“As a test of the display, SMPTE pattern data files 
sized to occupy the full area used to display images 
on the monitor should be displayed. The overall 
SMPTE image appearance should be inspected to 
assure the absence of gross artifactsgross artifacts (e.g., blurring 
or bleeding of bright display areas into dark areas 
or aliasing of spatial resolution patterns). Display 
monitors used for primary interpretation should be 
tested at least monthlymonthly. As a dynamic range test, 
both the 5% and the 95%5% and the 95% areas should be seen as 
distinct from the respective adjacent 0% and 100% 
areas.”
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Quality Assurance
(ACR)

“As a test of the display, SMPTE patternSMPTE pattern data filesdata files
sized to occupy the full area used to display imagesoccupy the full area used to display images
on the monitor should be displayed. The overall 
SMPTE image appearance should be inspected to 
assure the absence of gross artifacts (e.g., blurring blurring 
or bleeding of bright display areas into dark areasor bleeding of bright display areas into dark areas or 
aliasing of spatial resolution patterns). Display 
monitors used for primary interpretation should be 
tested at least monthly. As a dynamic range test, 
both the 5% and the 95% areas both the 5% and the 95% areas should be seen as 
distinct from the respective adjacent 0% and 100% 
areas.”

512? 1k? 2k?
Contradicts 

SMPTE

CRT 
only

Adequate?

AAPM 2004

Experience – CRT QC

• MDIS (Parsons & Kim, 1994)
– 2k CRT Lmax decayed 20% in 8 months 
– Lmax decay correlated with usage (“duty 

cycle”)

10% failure rate (1 of 10) in a 9-month period.
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Experience – CRT QC

Baltimore VA (Siegel, 2000) - 2k CRT 
service logs (17 months)

• Average time to failure 1.7 years
• Average life expectancy 2.4 years
• 20 failures (10 replacements)

All passed the ACR test!

AAPM 2004

• Groth D, et al (2001), Mayo Clinic
• Ly CK, (2002), Texas Children’s 

Hospital

Experience – CRT QC

AAPM 2004

AAPM TG18

Samei E, Badano A, Chakraborty D, Compton K, 
Cornelius C, Corrigan K, Flynn MJ, Hemminger
B, Hangiandreou N, Johnson J, Moxley D, 
Pavlicek W, Roehrig H, Rutz L, Shepard SJ, 
Uzenoff R, Wang J, and Willis C, Assessment of 
Display Performance for Medical Imaging 
Systems. Draft report of the American Association 
of Physicists in Medicine (AAPM) Task Group 18, 
version 9.0, October 2002.
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Performance Requirements

> 2.5 lp/mm> 2.5 lp/mmResolution

CR > 2505% and 95% SMPTE 
visibleContrast

∆L/Lavg < 30%No Gross ArtifactsLuminance Uniformity

Lmax ≥ 170 Cd/m2Lmax ≥ 50 ft-L
(171 Cd/m2 )Max. Luminance

< 2% variationNo Gross ArtifactsGeometric Distortion

Depends on LambDepends on LambReflection

Glare Ratio > 400Not SpecifiedVeiling Glare

< 10% of GSDF5% and 95% SMPTE 
visibleLuminance Response

< Displayed radiographic 
image noiseNot SpecifiedNoise

AAPMACR

AAPM 2004

Test Patterns

• TG-18 Test Patterns
– Available in DICOM® format at :

http://deckard.mc.duke.edu/~samei/tg18

 DICOM is the registered trademark of the National Electrical Manufacturers Association 
for its standards publications relating to digital communications of medical information.

AAPM 2004

Procedures (All Class 1)

• TG18 - Assessment of Display Performance 
for Medical Imaging Systems
– Luminance Response 

• Max Brightness & Contrast Ratio

– Luminance Uniformity
– Reflection
– Noise
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Reflection

• Diffuse
• Specular

Used to determine maximum tolerable
Lamb in reading room.

AAPM 2004

Diffuse Reflectance

Display Device

Illuminance
Meter

Fluorescent 
light 
sources

Diffusion Box

AAPM 2004

Instrumentation:
Diffuse Reflectance

Diffusion Box:
• Matte white  finish inside
• 24” cube
• Sight hole in back



6

AAPM 2004

Diffuse Reflectance

Display Device

Illuminance
Meter

Fluorescent 
light 
sources

Telescopic 
PhotometerLight Baffle

Diffusion Box

• Illuminance and
• Luminance of the Reflected Illuminance

AAPM 2004

Reflection

• Diffuse Reflectance:
Luminance of reflected illuminance

RD =
Illuminance of the display surface



7

AAPM 2004

Diffuse Reflection
& Ambient Lighting

Diffuse reflection effect on Lmin and contrast:
Monitor Illuminance (Room illumination, E)

E < 0.25 Lmin/RD

AAPM 2004

Specular Reflectance

Fluoroescent lamp 
with diffuser

Meter

11 feet

AAPM 2004

Specular Reflectance

1 foot

2.5 feet

Meter

10 feet

Fluoroescent lamp 
with diffuser
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• Specular Reflectance:

Luminance of Reflected Image
RS = 

Luminance of the Object

Reflection

AAPM 2004

Specular Reflection
& Ambient Lighting

Specular reflection of white background objects:

Maximum tolerable room illumination:

E < ΠCT Lmin / 0.9RS ’

where CT = ∆L/L @ Lmin
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Luminance Response

• AAPM TG18-LN
– 17 patterns, uniform 50% background with central 10% 

incrementally brighter from Lmin to Lmax in even steps.

– Room lights off (total darkness)
– Measure each step and compare to GSDF

AAPM 2004

AAPM 2004

Luminance Response

• Lmax > 170 Cd/m2

• Response error < 10% of GSDF 
• C = Lmax/Lmin > 250
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AAPM 2004

Luminance Response
(Subjective, TG18-QC)

AAPM 2004

Luminance Response
(Subjective, TG18-QC)

AAPM 2004

Luminance Response
(Subjective, TG18-QC)
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Luminance Uniformity,
Chromaticity & Glass Defects

• AAPM TG18-UNL80 and –UNL10
• Measure luminance in the center and 4 

quadrants of two uniform test patterns.
– 80% of Lmax

– 20% of Lmin

TG18-UNL80 TG18-UNL20

AAPM 2004

Luminance Uniformity,
Chromaticity & Glass Defects

• On each monitor, compare each reading to the 
average of all 5:

|Li/Lavg – 1| < 0.3

• Color Matching (TG18-UNL80)
– Measure color with color photometer or 
– Visually compare monitors for matching color at each 

workstation

• Glass Defects

AAPM 2004

Resolution
(CRT only)

• AAPM TG18-CX
• Match observed 

sharpness of small 
Cx patterns to 
simulated blur of 
large Cx patterns

• Passing score is <4
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Resolution
(TG18-QC)

AAPM 2004

Noise

• TG18-AFC
• Count # quadrants 

in which most 
squares show the 
corner object

• Passing score is 
>3 12

34

AAPM 2004

Procedures
(CRT only)

• Resolution 
• Geometric Distortion 
• Veiling Glare
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Veiling glare
(CRT only)

• Measure black level in center of all-black field (LN)
• Measure white level in center of all-white field (LB)
• Measure black level in center with surrounding at 

peak white (L)

LN

LB

L

AAPM 2004

Geometric Distortion
(CRT only)

< 2%

AAPM 2004

Veiling glare
(CRT only)

Calculate Glare Ratio:

RG=(LB- LN)/(L - LN)

RG should exceed 400 (ideal is    ).
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Procedures
(LCD only)

• Pixel Defects

TG18-UNL10

Dead Pixels (LCD)

AAPM 2004
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Pixel Definition
(Dual domain LCD)

Pixel

AAPM 2004

Pixel Definition
(Dual domain LCD)

Pixel

Subpixel

Domain
Segment

AAPM 2004

Dead Pixels
(LCD)

• Dead Pixel count (LCD)
– One bad segment in any subpixel is a “bad”

subpixel
– Adjacent bad segments in different subpixels

may be ok



16

AAPM 2004

Dead Pixels
(LCD)

4 bad elements
1 bad subpixel

4 bad elements
4 bad subpixels

AAPM 2004

Dead Pixels
(LCD)

80% white 20% white

AAPM 2004

Dead Pixels
(LCD)
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Dead Pixels
(LCD)

Alternating 
horizontal lines-

for row ID
(TG18-LPH)

Alternating 
vertical lines –
for column ID
(TG18-LPV)

AAPM 2004

Dead Pixels
(LCD)

Mask Defect

Bad Subpixel

Bad Segment

Mask Defect

TG18-UNL10
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Dead Pixels
(LCD)

• Performance expectations vary by 
manufacturer
– Total number of bad subpixels (< 15)
– # Bad subpixels per “1-cm circle” (< 3)
– Maximum # adjacent bad subpixels (< 3)

AAPM 2004

QC Program

• Acceptance tests
• Annual tests
• Monthly tests
• Daily tests

– LCD vs CRT
– Performed “under the supervision of a Medical 

Physicist” by individuals who “develop and 
maintain familiarity with the tests”.

AAPM 2004

Acceptance Tests

• Reflection
• Quantitative Luminance Response

– Lmax, Contrast Ratio

• Ambient Lighting (Reflection and Min. 
Luminance)

• Luminance Uniformity, Chromaticity & Glass 
Defects 

• Noise
• Pixel defects
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• Resolution 
• Geometric Distortion
• Veiling Glare
• Lmin

Acceptance Tests (CRT)

AAPM 2004

Annual Tests

• Repeat all acceptance tests except reflection (reset 
ambient lighting to acceptance levels)

AAPM 2004

Monthly - Quarterly Tests

• Cleanliness (glass cleaner and soft cloth)
• Ambient Lighting (reset to acceptance)
• Subjective Luminance Uniformity, 

Chromaticity (matching monitors) & Glass 
Defects

• Pixel Defects
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Monthly / Quarterly Tests

• Self-Calibrating Displays (Quarterly)
– Subjective luminance response (TG18-QC)
– Lmax and Lmin

–(Contrast ratio)
• Non Self-Calibrating Displays (Monthly)

– Luminance response (measured)
–Contrast ratio

AAPM 2004

Monthly / Quarterly Tests
(CRT)

• Resolution
• Geometric Distortion 

AAPM 2004

Daily Tests

• Ambient Lighting (reset to acceptance)
• Subjective Luminance Response (TG18-QC)
• Cleaning (glass cleaner and soft cloth)

Performed by the user
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Daily Tests
(CRT)

• Resolution (TG18-QC)
• Subjective Geometric Distortion (TG18-QC)
• Subjective Luminance Response (TG18-QC, 

“Quality Control”)

AAPM 2004

Experience – LCD QC

Henry Ford Hospital
(Mike Flynn and Don Peck – verbal 

communication)
• Acceptance

– 11 of 80 returned for debris in glass 
(black artifact) and repaired

– Some dead pixels, but acceptable
• Annuals – None to date

AAPM 2004

Experience – LCD QC

UT M. D. Anderson Cancer Center
• OEM’s self-calibration proved to be stable 

over several weeks (Thompson, et al, 2003).
• Acceptance tests on 101 3Mp LCD displays

– 6 panel failures
• 2 for color mismatch
• 3 for uniformity artifacts (acceptable after repair)
• 1 physically damaged (scratched)

– 3 bad graphics cards (DOA)
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Experience – LCD QC

• Annual tests on 30 panels (to date)
– 2 failures

• 1 for a single point pixel defect
• 1 for artifacts around edges

– No change in Lmax, Lmin or calibration 
LUT

1.5 mm1.5 mm
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Experience – LCD QC

LCD Panel
Lmax Stability

350
360
370
380
390
400
410
420
430
440
450

A-03 S-03 O-03 N-03 D-03 J-04 F-04 M-04

Date

L m
ax

 (C
d/

m
2 ) 28A

28B
22A
22B
20A
20B

Experience – LCD QC
Remote 
status 
monitoring 
eliminates 
need for 
daily QC.

AAPM 2004

Experience – LCD QC

• No need for resolution, geometric distortion, 
or veiling glare – EVER!

• Self-calibrating displays
– Verify stability 

• over the course of a day
• daily over the course of several months

– Eliminates need for quantitative luminance 
response test except annually

– Use quarterly subjective tests to identify 
graphics card failures.
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