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Spatial resolutiom

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

Large focal spot

Small focal spot

Spatial resolution

-1 Spatial resolution can be measured as Opoint
spread function (psf)O

-1 Psf is the image of an ideal point object.

Pinhole

Noi

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

o

5% contrast, 1% noise 5% contrast, 3% noise

Quantum Noise

ol average number of x-rays interacting
in the screen may be constant across the field (a
uniform beam).

The actual number interacting in any given small
area will obey a statistical 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 Ratio:
A Way to Quantify Noise

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

SNR = signal/noise = N/sqrt(N) = sqrt(N)

SNR is the inverse of the fractional noise (noise/signal)
Bigger SNR is better (within dose constraints).

Poisson Statistics:

Raindrops Analogy
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Contiast-to-Neige Ratio (CNR)

-I' Low contrast detectibility can be directly
related to CNR.

-l CNR is proportional to SNR, or square-root
of NEQ (Noise equivalent quanta).

Detective Quantum Efficirncy (DQE)

-I' The efficiency for a detector system to use x-
ray to generate images with adequate SNR.

Bit Deptin

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

i

2 bits/pixel 1 bit/pixel

8 bits/pixel 3 bits/pixel
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Modulatioom TrenstarrAunettomn WITFY)
-I' The contrast produced by an imaging system
as a function of the spatial frequency of the

object or input signal. .
MTF(U) = Output_modulation(u)
Input_ modulation(u)

Modulation = Lo =L
1o+
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Factors affecting ‘QoonitastO

DR density is adjustable and arbitrary

w Acquisiiidonsisndehgrdatditdiom
disiplyy

w Code values im the: raiwDDRiiiaggecam
be transiated t any dispdyyldvekl

u Thiis allbyvesOPR @covmppangiee dor
over- and undrexpasiie, pasiesigga
consistent appearance




DR compensatesftarinaorreat
expostire factor seleaiion
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Appragsiatectestinigyes nellidéss
appropiiaie: means of scaiter reduction

w geﬂtef degrades contiast and contilbiiessteonsaticaht
ose.

u CR/DR iy e M@ sensiieetosaaitesr tiam
conventinallfifiiistraean.
u Apipapsiaiecotinatioiviededasesoatiefeanc dradialtded
area of patient.
- gse of gridfs imppevess contiast wihilteinsteasinggrpicaht
ose.
w Unifyitinaieectivicessaifggid dinintaiatcaanasyliinin
anifActss.
w Mol paltriis wiilppiledamplplgngiate
w Wil patteins witihh dispiplapiyekediate

Factors afffeating GppatidirtesolitiarO

Pixel size, Matrix size and FOV

Pixel size = FOV /# of rows (columns)

Row #422

Column Number

Smaller pixel size
Larger image matrix

aneA PXIg

Row #141
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Larger pixel size
Smaller image matrix -

IEA PXId

Column Number

DR system and resslution

w Factors besides sampling
compiomits: sharpness
w X-iayfaal Ispaitdiiiensionss
w Blurin nelileet ORRonACER
w Optitai landimectanitall
inpreeisiam i IIMRanEIAR
w Affangibwini #gsseann
dumension im CR

w Linittodf esebltivivisis
whesie MTF has decreasgtl
t0 10%




Factors afffeating Qnis¢O

-
detector energy response

- DQE
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Optiinizatiaonod (CRIPBRMaigithg
cannot ignoie patient dose!

w I @ihirteomakieea digirhtadid@gpiphic
inage, a suffiiénitnuihbe bR xaus snusist
reach the detector.

w Unifoitinaiedly b evaygsntsisppasdhinogigh
the patiiititoraach e drigair.

w The ALARA Princiipeedictaiessttizitibke
examinativhsitiddbopeidoned dvitfithehe
louesit ieasonablk dese to the patikiit.

Sufficient x-iays must igach the detector
to pieduce the radiegiaghitimage:.

w Atttieesame dose, the smaller e pikalisizee, thige
fewer x-iays imeacih pikal] anttitieevoossebike
noise.

w The laigei te: pialisizee tleewosseetbive sharpness




The proper qualityy affxcraysmusitreacth te
detector to ensure optimum effizirney:.
u Tihe energy pieftrraditythircdtectosiddifieferddtdmom
many convenitnal fifiiatiese sysiamss.
w The energy thait ieaches the detector is infilessecdlyy
the KX filitatierodheheabient thickiegsesiCetc.

Absorption Efficiency
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Artifacts and Digital Systems

w Artifacts are any fault impressions appear on the images

m! Digital imaging produces different kinds of artifacts
commonly found in conventional screen/film

Artifacts and Digital Systems

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

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

Classification of artifacts in digital
imaging
w Hardware
w Software/Image processing
u Image display!
w Operator error

Hardware - Image Plate

w! Image plate are susceptible for eracking

u! Deterioration progress appears from the middle
of the plate!

w! Debris that blocks IP emission of light when
scanning with laser will make image appear
bright at the site

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

Image plate artifact
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Image plate artifact

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

Image plate artifact

CR Artifacts

Crack in IP : looks like
a foreign body

SE>I>E>I>I> s » >

Image plate artifact

Debris from IP crack:
Normally radiologist

can tolerate, sometimes
confusing with foreign bodies

Image plate artifact

How to solve these problems from
image plate artifacts

u! Clean IP plate regularly

w Refer to vendor’s recommendation regarding
methods for cleaning

u! Frequency of cleaning depends on the usage




Manufacterer’s recommendation

2 Storage Conditions/Daily Maintenance
21 Storage Conditions

(1) Store IPs under the following environmental conditions.
Packed:  Under 35°C
Unpacked: Under 33°C and 80% RH

(2) Store IPsin a place where they are not exposed to direct sunlight or excessive ultraviolet
rays or various radioactive rays.

(3) Do not bend P or impose strong force on them.
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Manufacturer’s Recommendation

22 Daily Maintenance
(1) Do ot use damaged IPs because mage diagnosis can be affected.
(2) Handle IPs s carefully as possible. Do nof damage or stain IPs.
(3) Do ot bend IPs, ht them against some ofher objects or drop on the floor or table.

Manufacturer’s Recommendation

23 Cleaning
(1) Materials required
Lint free non-woven cotton
‘Gauze (100% cotton),
Lens cleaner

(2) Method
1 With a dry cloth of materials listed above, wipe off the IP surface as illustrated below
(AorB).
A B
2 For stains which fail to come off by cleaning with dry cleaning cloths, dampen the

above cloth with ethanol anhydride (JIS standards or special standards) before
cleaning. (Do not use another cleaning agent.)

When the IP surface has been cleaned using ethanol anhydride-dampened cloths,
slightly wipe it off with dry cloths listed above. Make sure the surface of the IP is
completely dry before use.

1 Frequent cleaning with ethanol anhydride can cause yellowing of the IP edges.

Manufacturer’s Recommendation

(3) Precautions
1 Be sure not fo damage the IP.
2 Never use eraser or any other solvents.
3 Do not scratch the IP with your nails.
4 Never moisten the IP with water to wipe off stains.

/1 Do not apply light to the P exposed but not yet processed.

Hardware: Image reader

u! Normally IPs are automatieally reased after used

w! IPs must be manually erased after not in use for
a period of time

u! For incorrect (intense) exposure, IPs should be
erased with longer erasure cycle!

u Incomplete erasure can produce artifacts!

Plate reader artifacts

Call in service enginesr




Plate reader artifacts

Dirt on the light-guide cause line artifact
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Plate reader artifacts

Plate reader artefact. This artifact oc
because the plate reader loaded two
(IPs) in a single cassette. After an ex
bottom IP was extracted, read and re
leaving the top IP to be exposed nun
Artefact remedy: double-loaded cass
during routine IP cleaning. If a casse
two IPs is discovered, the IPs should

erased before being put back into us
!

Plate reader artifacts

Plate reader artefact. This bilateral
image was spoiled when the incorre
was used to eliminate a previous fe
Evidence of this is the residual imag
marker in the top corner of the imag
from the previous image (upper arrg
line of collimation along the bottom
image (lower arrow). Artefact remeg
must select the correct erasure sett
the type of exposure that has occur
|

Erasure Cycle

Secondary Erasure
Even when stored in a room, an IPis very sensitive and absorbs and accumulates nafural
radioactiviy such as cosmic rays or radiation energy emanating from radioisotopes
contained in construction materials such as those used for floors and walls. Perform
secondary erasure for [Ps which have not been used that day.

For the detailed operaion procedure, refer to Chapter 2, section 2.4, Conducting Exposure
Using a Cassette (IP) Left Unused for 8 Hours or More [SECONDARY ERASURE].

Erasure Cycle

Primary Erasure
The following IPs must always be submitted to primary erasure prior to use for exposure.
(1) Over-exposed IP
(2) Incorrectly exposed IP

For the detailed operation procedure, refer to Chapter 2, section 2.3, Conducting Image
Erasure Only [PRIMARY ERASURE].

Image processing

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

w! Keep in mind that we cannot ereate anything
that is not part of the patient

m Image processing cannot correct for everything!!




Image processing artifacts
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Image processing artifacts

Inadequate image processing Mismatch technique/post processing

Image processing artifacts

) ¢

Image Display: Laser printer artifact

Operator Error Artifacts

! Radiographers can create artifacts!
w! Care should be taken when working with CR

w! Learning about patterns of artifacts and remedy
are encouraged!

Operator error

10



Operator error

8/27/14

Operator error

Figure 15, Operator error.  This
aillary  shoulder was  exposed
h

Operator error

Other types

To avoid artifacts in CR

w Aware of cause of artifacts

w! Learn about appearance of different artifact
types

u! Clean your IP

m Make sure service people come in regularly!
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Conclusions

Good inage qualliyys ceseniiahidobotbth
sensitiviyyamadsppeditititofdé didnodiatiagsiesis.
General descrigionobimagg e yalitity¢ludases
contiast, spatial resolliiivon piseanddutifatict.
Contiast, spatiall reselliitorans dhaiss aealill
intesrralbieciwhitalcanbbcbisiastesided by
CNR, MIFF andinoissesgaairtiom.

Factors affecting inags quailityriBR need to
be taken iiitevaccouiitwieenopgithiziaghifehe
radiegaipticcpetecolds.
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