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Objectives	and	Outline

Why,	Who,	What,	When,	Where?
• Discuss	the	resources	that	may	be	needed	for	a	display	QA	program	and	how	
these	resources	may	be	utilized	

How	do	flat	panel	displays	fail?
• Review	some	common	modes	of	failure	for	LCDs	and	discuss	testing	strategies

What	about	existing	guidelines	and	requirements?
• Compare	and	contrast	the	TG-270	recommendations	with	requirements	provided	
by	accreditation	organizations	(ACR	and	TJC)
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Why	perform	display	QA?

• Display	performance	has	a	direct	impact	on	the	information	that	
physicians	have	available	when	making	a	diagnosis	and	may	effect	
decision	making

• Ensure	consistent	display	of	medical	images	from	acquisition	to	
interpretation	(and	beyond)

• Accrediting	bodies	have	implemented	requirements	regarding	quality	
assurance	testing	of	displays	used	in	medical	imaging	(TJC,	ACR)
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Who	performs	display	QA?
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Physicists/Assistants

Imaging	Technologists

PACS	Personnel

Biomedical	Engineering



What	to	test	and	when
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What	and	When
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What	and	When
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What	and	When
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What	and	When
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Where?
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• Reading	Rooms
• Clinical	Areas
• Personal	Offices
• Storage	Rooms/	
isolated	areas

• Houses???



Tools:	Photometers/Colorimeters

11https://www.aapm.org/pubs/reports/OR_03.pdf



Tools:	Test	Patterns
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Tools:	Vendor/3rd Party	Software

• What	Software	are	you	going	to	use?
• What	measurements	can	be	made?
• How	reliable	is	this	software?
• Who	is	going	to	review	the	results?
• How	is	QA	going	to	be	performed	on	
vendor	provided	tools?
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Common	Modes	of	Failure
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Example:	Imaginary	Hospital

• 200	Diagnostic	displays
• 50-60	Modality	Workstations
• 10	Clinical	Specialist	Workstations
• Innumerable	Electronic	Health	Record	
Workstations
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Goals:

1. Maximize	the	diagnostic	value	of	acquired	images

2.			Ensure	consistent	presentation	of	medical	images	from	acquisition	to	interpretation.	



GSDF	Compliance
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• Primary	displays	are	typically	
compliant

• Some	modality	displays	are	
compliant

• Most	other	devices	require	
calibration	to	become	GSDF	
compliant



Example	1
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Example	2
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Example	3
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Are	you	relying	on	a	built-in	photometer?



As	displays	age,	built-in	photometers	drift
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Contrast	Perception
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Ambient	Luminance	and	Luminance	Ratio

Maintaining	the	same	Luminance	Ratio	and	Luminance	response	
function	is	essential	for	the	consistent	presentation	of	medical	images
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Perceived	contrast	is	highly	dependent	on	the	average	luminance	of	the	scene



Uniformity

• Quantitative
-Acceptance	Only
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• Qualitative
-Routinely



Spatial	Resolution
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Graphics	driver	set	to	the	native	resolution	of	the	display



Spatial	Resolution
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Graphics	driver	set	to	non-native	resolution	of	the	display



What	about	existing	guidance/requirements?

28



29



Luminance	Response	Methodology

TG-270	and	ACR-AAPM-SIIM	Technical	Standard	for	the	Practice	of	Medical	Imaging

1. Determine	Lamb
2. Measure	Lmin,

-Ensure	Lmin >	4	x	Lamb

3. Set	L’min determines	
L’max
- RL =	350

4. Determine	intermediate	
gray	levels
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The	minimum	
value	of	L’min is	
1.0	cd/m2
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ACR	2016	Digital	Mammography	QC	Manual

Lmin (Modality	and	Diagnostic)
• Within	30%	of	manufacturers	recommendations	or	≤	1.5	cd/m2

• Not	based	on	Lamb
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ACR	2016	Digital	Mammography	QC	Manual

Lmax (Modality	and	Diagnostic)
• Within	10%	of	manufacturers	recommendations	or
• 150	cd/m2 (Modality)
• 420	cd/m2 (Diagnostic)

To	maintain	a	luminance	ratio	of	350,	L’min should	be	0.43	cd/m2 (Modality)	
and	1.2	cd/m2 (Diagnostic)

Its	difficult	to	meet	the	Lmin >	4	x	Lamb	requirement	



ACR	– CT	(Modality	Only)

• Visual	Evaluation
- Resolution	(via	line	pairs)
- Contrast	(Both	patches	visible)
- Geometric	Distortion
- Black/White	Transitions
- Loss	of	Bit	Depth	(Need	a	gray	ramp)
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ACR	– CT	Scanner	Monitors

• Quantitative	Evaluation
- Lmin (	<	1.2	cd/m2)
- Lmax (	>	90	cd/m2)
- Establish	Luminance	Response	Curve
- Luminance	Uniformity	(MLD	<	15%)

(Test	Pattern	not	specified)
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ACR	– Magnetic	Resonance	Imaging

35

• Visual	Evaluation
- Resolution	(via	line	pairs)
- Contrast	(Both	patches	visible)
- Geometric	Distortion
- Black/White	Transitions	
- Loss	of	Bit	Depth



ACR	– Magnetic	Resonance	Imaging
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• Quantitative	Evaluation
- Lmin (	<	1.2	cd/m2)
- Lmax (	>	90	cd/m2)
- Establish	Luminance	Response	Curve
- Luminance	Uniformity	(MLD	<	30%)

(at Maximum	Luminance)



Summary

• Implementation	of	display	QA	requirements	and	recommendations	
will	vary	from	facility	to	facility

• Qualified	Medical	Physicists	or	other	personnel	with	appropriate	
training	should	oversee	display	QA	programs

• Individual	sites	must	determine	how	to	best	navigate	contradictory	
guidance
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