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Introduction

Computed Radiography
Photostimulable Storage Phosphor (PSP) detector
- two decades of clinical use

- primary modality for digital radiography in an
electronic imaging environment

- closely emulates the screen-film paradigm

Logical step for first transitioning from screen - film

Continuing technological advances




Ten years ago

« Computed Radiography the only clinically
relevant digital projection radiography
modality

* First generation PACS just getting started,
with radiology centric Implementation

« DICOM and HL-7 compliance issues were
nearly intractable




Now, in 2004

« Digital projection radiography has many
players, from CR to CCD to flat panel
systems, all with innovative updates

Second generation PACS is rapidly moving

forward to thin-client capability and leveraging
the Internet for enterprise distribution

DICOM is now experienced; WORKFLOW
optimization from scheduling to image archive
IS the major Issue, with Integrating the
Healthcare Enterprise (IHE) a key mandate




Digital System Technologies
Projection Radiography

« Computed Radiography (CR)
\

e CCD cameras “Direct”

> Radiography

e CMOS detectors (DR)

 TFT Flat Panel arrays~




Computed Radiography (CR)

Currently the major technology available for
large field-of-view digital imaging

Based upon the principles of photostimulated
luminescence

Operation emulates the screen-film paradigm in
use and handling.. (flexible but labor intensive)

Manufacturing trends:
— Smaller, faster, less expensive
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 CR system function




CR Detector
* Photostimulable Storage Phosphor (PSP)

Phosphor Plate Cassette Holder




X-ray absorption Efficiency: Csl, BaFBr, Gd,0,S
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Less absorption efficiency compared to Gd,O, S and Csl;
In general, higher dose required relative to 400 speed screen film




CR: How does i1t work?

Photostimulated Luminescence
D I° conduction band
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X-rays created in numbers proportional to
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Photostimulated Luminescence

Incident Laser
Beam

Light guide

PMT

Protective Layer
Protgsiguleiie]
Exposed EUMINESCENCE

. [ierer
Imaging A

SCANENNg PhOSphOI’ Layer
Plate

Laser Light Spread

e

"Effacilyet feziclou cliziprieiiey Base Support




CR: Latent Image Readout

Cylindrical mirror

Laser Light channeling guide

Source .
Polygonal / Output Signal

Mirror

Laser beam:;
Scan direction

Plate translation: v

Sub-scan direction




ﬁ

Scan Direction
Laser beam deflection

Mechanical / optical device

Sub-scan Direction
Plate translation

Typical CR resolution:

35 x43 cm -- 2.5 Ip/mm (200 nm)
24 x 30 cm -- 3.3 Ip/mm (150 nm)
18 x 24 cm -- 5.0 Ip/mm (100 nm)

Screen/film resolution:
7-10 Ip/mm (80 nm - 25 nm)




Mechanical — optical consequences

e Scan / sub-scan resolution differences

e Aspect ratio accuracy

e Distance measurement calibration




Phosphor Plate Cycle
Base support
X-ray exposure

plate exposure:
create latent image

laser beam scan

plate readout:
extract latent image

light erasure

SoleTelete sre sre ore oo sre se's plate erasu _re: _
remove residual signal
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e Image data acquisition




CR Image acquisition

1. X-ray Exposure

Patient
unexposed

l
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PSP ~
detect INEGE
Secliilg
X-ray
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Computed
Radiograph
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Computed Radiography “reader”




Computed Radiography “reader”
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CR Networking
Mocdlality Worklist Input (frorm RIS via FIL-7)

Tecnnologist QC Worrkstaiior)

— Image manipulation processing recornciliztion

P
W
>

— Reconciliation and Irnzg

PACS and DICOV

— Digital Imaging COmimunications in Medicine
— P'ovjrles standard for mocdzality interfaces,
orage/retrieval, and orint

U\

DICOM! Irnage outoLi
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CF Innovations

Sirycturec PSP

Marnrmograpny applications
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36 MB (18x24)
50 MB (24x30)
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Conventionzl Cornouted
Screern-Fim Radiograpny
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Signeal 1o Noise Ratlo (SNR)

Deiermines detectapllity of an opject
The signal is derived frorm the x-ray quzrnia

The noise Is frorm a variety of sources:
— A-ray quaniurn staiistic
— Electronic rioise

— r1,<~rl Oc'[['_—)ff rc

U‘i

Olse

— /—\chl[OffHchJ nojse

I SN must oe meatcned to nurmear
Stern resporise



Exposure Lailiude: Dynarnic Range

Digital

nal output
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Log relative exposure
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— Sensiilvity variations (2.q., lignt guide

— Offset gain variations

o Wide detecior dynarmic range
— Identify Irmneage locaiior

— Scele image daia

in Cr)

— Optirnize quantizaiion levels for *post-processir



Apply offset correction to uniforrm [P exposure, n averages:

)
A,
D

ate norralized snading correction airraly:

rnean value for all «

Irnplement snading correction (line by line):



Correctlon

Measured Non-uniform Profile Normalized Shading Profile

normalized value

201 301 401 501 201 301 401 501 601
position position

Uncorrected Profile Shading Corrected Profile

201 301 401 501 601
position position



CR Snading Correciion

- Uncorrected image - Snading corrected

"
(—

Note: Shading calioration recornrmencled at least every 6 monins



= Irnage Manipulailon
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> Irage pre-processing: segrmeriiatior)

— Fincd the perilnent irmage Inforrnatiorn

1

—

— Scale ine data via nistograrr analysis



Collimation areal(s) determined

Collirnation
/ Border
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Exposure Into digital numoer
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Dziizl conversiorn for overexposLre
Exposure into digital numper

Reduce everalligain
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Screen-Film

Underexposed



Computed Radiography

Underexposed




CR Image manipulation

> rnage post-processing:

(—-

— Contrast ennancernean

(P
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— Anatorny speclilc grayscale rmanipulatiorn)

QR

— Spatlal frequericy ennancerment
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Contrast
Ennancernant

Irmeage
Inversion



Edge Enhanced:

Difference + Original

Sum
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Multiscale ennancernent of irmages

Algoritnm:
— Decompose ine image inio several frequency
ghcmmeb (oyramidal decormposition)

— Process each frequency scale (sup-pa md) norn-
linearly to equalize detall arnplitude (struciure
D00SH)
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— Recornpin "to forrn final output

— Protect imzage from unaccepiaole noise
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Sup-pands of the image are independenily optimized

Noen-linear Noen-linear Noen-linear Noen-linear
welghting welghting weighting weighting

“Multl frequency”
ennanced irnage






Example Images

I Cnuck Willis
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- Patented alyorithms for superior irmeage processing

- Splitimage into low & nign frequency cornporents
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ontrast of low frequerncy image

— Preserve nign frequency imeage

> Recormolne ime \jes






Dual Energy Imaging wiin CR

Low 1V Flign ¥\Vo

7 Noclula?



MNocdule not in soft tissue Imege
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Nodule calcifled



Irmage processing

Contrast and spatlzl rreqlwmr/ Srfancernernts

are crucial for Irnage opilrmizaion and efficient
inforrmation delivery to tne dizgnosiiciar

/

Pre-processing (sheading) correction must oe

JJJJE se and anatorny-speclfic processing and
lter Alcled Diagnosis are new issues
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Pnysicist responsiollities

e

P

Tecnnical expert and liaisor
— Radiologists, tecrinoloyisis

— Adrninistrators, IT staff, clinical engineering

r

nowledge of CR systern characierisics

staplisn [ assist CR image quality orogreaur

ITI

Assist in specification (RFP), analysis, purch



Clinical considerai
CR reader inrougnput rnieeds

Nurnber of |P’s, casseties, grids

r

Irnage processing funcionality

Quality control pnantorn and software

Service, warranty coniracts, sifirg re

1tlons

USTHIS T PAC
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Irnage Quality
- Cornparable irmage quality for zll vendors

ctured phosopnor, dual side readout.,

- Use In radiation therapy?  (IMPT)

RIS [ PACS Interfaces; nardcopy?
D]

- Modality worklist and DICOM conformarice
uality Corniirol pnantorns and sofiware orograur

Veridor service
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CR Ina PACS environrment

“Ungprocessed” versus”’ Hrwessel Irmnages

— 3 levels: fraw-raw”, “original”,

ontrast/sopatial ennznced”

— Unprocessed images require V echIor~SoeCJ'ch algoritnrms
LUTs

— Processed images require DICOWM or Image specii]

Unprocessed images more flexiollity to manipulate irma
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Wiy Is Incident detector exposure
Irnportani?
Determines tne image SN (for given DOE)

Discornriect petweer image appearance arld
2/00SLrE

Incirectly determines exposure to pailent
Indicators can esskﬂthe'e inologist in

1]

acnleviry correc 'equ]vaJen't speed
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Flow do manufacturers indicate
Inciclent exposure?

Fuj]: 5 — sensiivity nurnoer
- 5 @00/ Exposure (mi); Lmk @ 80 Vo ~ 200

odzic "Exposure Index” — E|

- El@10007 log (Exposure [mE]) + 2000:
L @ 30 kKo + 0.5 rmm Cu -+ 1L Al
+300 Bl = 2, exposure; -300 E| = %4 exgosure

Agfa: “lg M" —log of the median of the nistograrr
o lgvI=2.56 for 20 Gy @ 75 kKVo + 1.5 mim Cu
+0.3 IgM = 2,0 exposure; -0.3 [gMl = % exposure
Values are pased upon the signal arnplification required to
oroperly scale PSL, which Is depencdent or incident exposure



Wnat S value Is appropriaie?

Earmnination speclfic JCDMC targets
— Adult exarmns (CAR, andomen, eic) 150 — 300
— Exirernities (ST plates) 75— 150
— Pedizairics 300 — 600
Variaple speed snould pe used o advantage

Anatornical inforrnation can oe lost wiin (oo nign
Or oo low exposure



rlow cdo you get tne data?
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Repeataed

Exarninations witn
CF

Total # repeais = 10453
frorn Willis, RSNA 1996



r

Whneat s J,Jl I he manufaciurers
Jicle?

A meinod to visioly display tne exposure estimate o)
tne Irmnage intuitively..... S mum.’oer, Exposure Index, lgvl

Alertine iec OJOJJJ in sorne fasnion (e.q., audioly)
Wrier) ar out of range siiuation occurs

Irnplerment an exposure dataoase, specific to a giver
exarmnination

Interfaice o 4-ra y systerms to geL Vo, mA, tme data for
determinzaiion of entrarce exposure
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Visual Detecilon of Opject

- SNRE (CHNR) Is #-ray queania dependent
ction Is determined oy CNF and opject size
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A rmeasure of the inforrmeation transfer efficiency of

Depencdent on:

— Absorgtion efficiency

— Cuonversiorn efficiency
— Spatizl resolution (IMTF)
— Cornversion noise

— Electronic noise

— Detector non-uniformities / pattern noise



DOE Improvements will lead to

lower dose sysierns

\
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surnrnary

CRand DR are quickly replacing S/F
CR must pe considered as a “sysiern)”

rnowlecdge of sysiern operation Is crucial
Tecnnological acdvarices will contine

1

CRand DR are complernerniary

— CH s flexinle, cost effectlve
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— DR Is dose efficient, nas nign througnoui
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