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Outline 

n! Concepts of image quality 
n! Contrast 
n! Resolution 
n! Noise 
n! Factors affecting image quality in 

digital imaging   

Image quality 
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Modulation Transfer 
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Contrast-to-
Noise Ratio 

(CNR) 
Contrast-detail Analysis 

 
Rose Model 

 
ROC Analysis 

Hasegawa BH, The Physics of Medical X-ray Imaging, 2nd Ed, 1991.  

Contrast 
-! The difference in image brightness between 

areas in the radiography. 
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Spatial resolution 

-! The smallest distance that 2 objects can be 
separated and still appear distinct. 

Large focal spot 

Small focal spot 

Spatial resolution 
-! Spatial resolution can be measured as Òpoint 

spread function (psf)Ó 

-! Psf is the image of an ideal point object. 

FWHM 

Noise 

-! The uncertainty or imprecision with which a 
signal is recorded. 

5% contrast, 1% noise 5% contrast, 3% noise 
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Quantum	
  Noise	
  
•! Although	
  the	
  average	
  number	
  of	
  x-­‐rays	
  interac8ng	
  

in	
  the	
  screen	
  may	
  be	
  constant	
  across	
  the	
  field	
  (a	
  
uniform	
  beam).	
  

•! The	
  actual	
  number	
  interac8ng	
  in	
  any	
  given	
  small	
  
area	
  will	
  obey	
  a	
  sta8s8cal	
  law	
  called	
  the	
  POISSON	
  
DISTRIBUTION.	
  

•! (doesn’t	
  have	
  to	
  do	
  with	
  quantum	
  mechanics,	
  but	
  
with	
  the	
  fact	
  that	
  x-­‐rays	
  come	
  as	
  individual	
  
photons	
  or	
  quanta)	
  

The	
  Signal-­‐to-­‐Noise	
  Ra4o:	
  	
  	
  
A	
  Way	
  to	
  Quan4fy	
  Noise	
  

If	
  the	
  signal	
  is	
  composed	
  of	
  N	
  photons	
  
	
  
and	
  if	
  the	
  noise	
  is	
  given	
  by	
  s	
  =	
  sqrt(N),	
  
	
  
then	
  the	
  signal-­‐to-­‐noise	
  ra8o	
  is	
  given	
  by	
  
	
  
	
  	
  	
  	
  	
  	
  SNR	
  =	
  signal/noise	
  =	
  N/sqrt(N)	
  =	
  sqrt(N)	
  

SNR	
  is	
  the	
  inverse	
  of	
  the	
  frac8onal	
  noise	
  (noise/signal)	
  
Bigger	
  SNR	
  is	
  beOer	
  (within	
  dose	
  constraints).	
  

Poisson	
  Sta4s4cs:	
  	
  	
  
Raindrops	
  Analogy	
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Contrast-to-Noise Ratio (CNR) 
-! Low contrast detectibility can be directly 

related to CNR. 

-! CNR is proportional to SNR, or square-root 
of NEQ (Noise equivalent quanta). 
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Modulation Transfer Function (MTF) 
-! The contrast produced by an imaging system 

as a function of the spatial frequency of the 
object or input signal. 

⊗ = 

object psf image 

)(mod_
)(mod_

)(
uulationInput
uulationOutput

uMTF =

minmax

minmax

II
IIModulation

+

−
=

Detective Quantum Efficiency  (DQE) 

-! The efficiency for a detector system to use x-
ray to generate images with adequate SNR. 
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Factors affecting ÒcontrastÓ 

-! Binary depth 

-! Window/level 

-! Image filtering 

-! Scatter 

Bit Depth 

8 bits/pixel 3 bits/pixel 2 bits/pixel 1 bit/pixel 

-! Number of bits used to represent gray levels 
for a pixel 

DR density is adjustable and arbitrary 

n! Acquisition is independent from 
display 

n! Code values in the raw DR image can 
be translated to any display level 

n! This allows DR to compensate for 
over- and under-exposure, producing a 
consistent appearance 



8/27/14 

4 

Underexposed Overexposed 

DR compensates for incorrect 
exposure factor selection 

Window/Level 

Appropriate technique includes 
appropriate means of scatter reduction 

n! Scatter degrades contrast  and contributes to patient 
dose. 

n! CR/DR may be more sensitive to scatter than 
conventional film/screen. 

n! Appropriate collimation reduces scatter and irradiated 
area of patient. 

n! Use of grids improves contrast  while increasing patient 
dose. 

n! Unfortunate choices of grid line rates can result in  
artifacts . 
n! moirŽ patterns with pixel sampling rate 

n! moirŽ patterns with the display pixel rate   

Factors affecting Òspatial resolutionÓ 

-! Matrix size 

-! System characteristics (psf) 

-! Image filtering (sharpness) 

Pixel size, Matrix size and FOV 

Pixel size = FOV /# of rows (columns) 

Column Number 

Row #422 

236 268 

Pixel Value 
Pixel Value 

Column Number 

Row #141 

79 95 

Smaller pixel size 
Larger image matrix 

Larger pixel size 
Smaller image matrix 

DR system and resolution 

n! Factors besides sampling 
compromise sharpness 
n! X-ray focal spot dimensions 
n! Blur in Indirect DR and CR 
n! Optical and mechanical 

imprecision in IDR and CR 
n! Afterglow in fast-scan 

dimension in CR 

n! Limit of resolution is 
where MTF has decreased 
to 10% 
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Factors affecting ÒnoiseÓ 

-! Exposure to detector 

-! X-ray beam quality and 
detector energy response 

-! DQE 

Optimization of CR/DR imaging 
cannot ignore patient dose! 

n! In order to make a digital radiographic 
image, a sufficient number of x-rays must 
reach the detector. 

n! Unfortunately, the x-rays must pass through 
the patient to reach the detector. 

n! The ALARA  Principle dictates that the 
examination should be performed with the 
lowest reasonable dose to the patient. 

Sufficient x-rays must reach the detector 
to produce the radiographic image.  

n! At the same dose, the smaller the pixel size, the 
fewer x-rays in each pixel, and the worse the 
noise. 

n! The larger the pixel size, the worse the sharpness.   
 

Exposure 
(mR) 

Photons 
/100µ pixel 

Noise 
(%) 

 
0.1 133 8.6 

0.01 13 27.4 
 

 

1.0 mR 

0.3 mR 
0.1 mR 



8/27/14 

6 

The proper quality of x-rays must reach the 
detector to ensure optimum efficiency. 

n! The energy preferred by the detector is different from 
many conventional film/screen systems. 

n! The energy that reaches the detector is influenced by 
the kVp, filtration, the patient thickness, etc. 

Absorption Efficiency
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Artifacts and Digital Systems!

n! Artifacts are any fault impressions appear on the images 
n! Digital imaging produces different kinds of artifacts 

commonly found in conventional screen/film 

Artifacts and Digital Systems!

n! Recognizing artifacts in digital radiograph can 
avoid misinterpreting those distracting patterns 
as pathological findings  

n! Can be generated from users who are not aware 
of proper imaging techniques or image 
processing selection 

Classification of artifacts in digital 
imaging!

n! Hardware 
n! Software/Image processing 
n! Image display!
n! Operator error 

Hardware – Image Plate!

n! Image plate are susceptible for cracking 
n! Deterioration progress appears from the middle 

of the plate!
n! Debris that blocks IP emission of light when 

scanning with laser will make image appear 
bright at the site  

n! Back-scatter can also produce artifacts due to 
high sensitivity to scatter radiation of the IP!

Image plate artifact!

>þ?�?�?�?�?!?�>Ì?�?�?�?�>Ì?
?�?�?�?�?�?"?�>Ì? ?
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?�?�?�? ? ?���
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Image plate artifact!

CRACK OF THE IP:  
Image shows artifacts  
appears in anatomical region��

Image plate artifact!

>ÿ? ?
? ?�?�>Ì?�?
?!?�?�?�>Ì?
>Ì?�?
?�?�>Ì? ?�>Ì?�?�?�?�?�>Ì? ?�>Ì? ?�?�>Ì>õ>ü>Ì?�?�>Ì? ?�?�?�>Ì?�?�?!?�?�>Ì?�?�?
?�?�>Ú��
��

CR Artifacts!

Crack in IP : looks like  
a foreign body��

>ø>Ì>ö>Ì>ï>ñ>ÿ>í>þ>Ø>Ì>Ìet al BJR 74 (2001)��
��

Image plate artifact!

Debris from IP crack: 
Normally radiologist  
can tolerate, sometimes  
confusing with foreign bodies��

Image plate artifact!

?�?�?�>Ì?�?
?�?�>Ì?�?�?�?�>Ì?
?�?�?�?�>Ì? ?�?�>Ì?�?
? ?�?�?
?�>Ì?�?�?�? ?�?�?�>Ì?�?�>Ì? ?�?�?�>Ì?!?�?�?�?�>Ì?
?�?�?�?�?�?�>Ì?�?�>Ì?�?
?!?�?�?���
?�?%>Ì?�?
?�?�?�?�?
? ? ?�?�>Ì? ?�?
?�?�?�?�? ? ?�?�>Ì? ?�?�?�?!?�?�>Ì? ?�?�>Ì?�?
?�?�>Ì?�?�>Ì? ?�?�>Ì?�?
?�?�?�? ? ?�>Ú>Ì��
?�?�?�>Ì?�?�?�?�>Ì?�?�?�?�?�?�?�?�?�?�?�>Ì? ?�>Ì? ?�?�>Ì?�?
?�?�?�? ? ?�>Ì?�?�?�?�?�>Ì?#?�?�?�?�>Ì? ?�?�>Ì?�?�?
?�>Ì?�?�?
? ?�?�?�>Ì��
?#?
?�>Ì?#?�?
?�?�?�?�?�>Ì?�?�>Ì?�?�?
?�?�?�?�>Ú��

��

How to solve these problems from 
image plate artifacts!

n! Clean IP plate regularly 
n! Refer to vendor’s recommendation regarding 

methods for cleaning 
n! Frequency of cleaning depends on the usage 
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Manufacterer’s recommendation ! Manufacturer’s Recommendation !

Manufacturer’s Recommendation ! Manufacturer’s Recommendation !

Hardware: Image reader !

n! Normally IPs are automatically reased after used 
n! IPs must be manually erased after not in use for 

a period of time 
n! For incorrect (intense) exposure, IPs should be 

erased with longer erasure cycle!

n! Incomplete erasure can produce artifacts!

Plate reader artifacts!

The>Ì?�?�?�?�? ?�?�?�?�?�>Ì?�?�?
?�?�>Ì? ?�?
? >Ì
?�?�?�? ?�?�?�?�?�?�>Ì? ?�?�>Ì?�?�?�? ?�?�?!?�? ?�?�?�?�?�?�>Ì
? ?!?�?�>Ì?#?
?�>Ìmalfunctioned>Ú��
��

Call in service engineer��
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Plate reader artifacts!

Dirt on the light-guide cause line artifact��

Plate reader artifacts!

Plate reader artefact. This artifact occurred!
because the plate reader loaded two imaging plates!
(IPs) in a single cassette. After an exposure, the!
bottom IP was extracted, read and replaced as usual,!
leaving the top IP to be exposed numerous times.!
Artefact remedy: double-loaded cassettes will be discovered!
during routine IP cleaning. If a cassette containing!
two IPs is discovered, the IPs should be!
erased before being put back into use.!
!

Plate reader artifacts!

Plate reader artefact. This bilateral knee!
image was spoiled when the incorrect erasure setting!
was used to eliminate a previous femur image.!
Evidence of this is the residual image of the lead!
marker in the top corner of the image, the tissue line!
from the previous image (upper arrow) and the additional!
line of collimation along the bottom of the!
image (lower arrow). Artefact remedy: radiographers!
must select the correct erasure setting according to!
the type of exposure that has occurred.!
!

Erasure Cycle !

Erasure Cycle ! Image processing!

n! Proper image processing should be employed to 
avoid appearance of artifacts 

n! Keep in mind that we cannot create anything 
that is not part of the patient 

n! Image processing cannot correct for everything!!
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Image processing artifacts! Image processing artifacts!

Inadequate image processing�� Mismatch technique/post processing��

Image processing artifacts! Image Display: Laser printer artifact!

Operator Error Artifacts!

n! Radiographers can create artifacts!
n! Care should be taken when working with CR 
n! Learning about patterns of artifacts and remedy 

are encouraged!

Operator error !
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Operator error ! Operator error !

Operator error ! Other types!

Other types! To avoid artifacts in CR!

n! Aware of cause of artifacts 
n! Learn about appearance of different artifact 

types 
n! Clean your IP 
n! Make sure service people come in regularly!
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Conclusions 

n! Good image quality is essential for both 
sensitivity and specificity of lesion diagnosis. 

n! General description of image quality includes 
contrast, spatial resolution, noise and artifact. 

n! Contrast, spatial resolution and noise are all 
inter-related which can be characterized by 
CNR, MTF and noise spectrum.  

n! Factors affecting image quality in DR  need to 
be taken into account when optimizing the 
radiographic protocols. 


