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HOUNSFIELD SCALE @

CT Attows oME To RELATE THE NVMER(CAL
VALVES OF THE PIXELS OF THE IMAGE 70 THE
CHARACTERISTICS OF TwHE TISSVE EXAMINED.

10 ALLOW A COMPARISON oF THE UMNEAR
ATTENVATION C(OEFFICIENTS RELATED Tp THE
NUMERICAL VALVES ©oF THE_ IMAGE THEY A€FE
MORRMALIZED AccorbING TG A SCALE (wewmeseiew
SCALE) WHERE THE H,0 vALVE 1S ZEeO .

EACH MATEQIAL (o0& BlowosicAL Tissve) s
CHARACTERIZED BY A NUMBER ( €T wumBER )
DEFINED BY THE FOLLOWING RELATIONSHIP :

Al = Mo
Muo

CT nunger = 000 .

WHERE -

Ay 15 THE UNEAR ATTENVATION COEFFICIENT
OF THE MATERIAL
AND

AL, 15 THAT oOfF WwATER

CT NUMBERS ®
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THE VISUAL ANALYSIS ©oF THE IMAGE
0B TAINED FROM A ¢T Sc¢AN IS BASED ON

THE ASSIGNMENT OF DIFFERENT GREY LEVELS
T0 THE T VALVES .

THE HIGHER THE ATTENVATION ©OF THE % EAY

8EAM THE HICHER wiltt B THE T

!

NUMBER AND THE ASSOCIATED GREY LEVEL.



MAIN PARAMETERS RELATED()
TO THE IMAGE @uaLITY

1.

CONTRAST SCALE.
5P4TI-AL UNIFORMITY
CT NUMBER LINEARITY
NOISE

SPATIAL RESOLUT(ON
CONTRAST RESOLUTION
SLICE THIKNESS

DosE

1. CONTRAST  scAlE |

CS = Ad
AcT |
IS THE SLOPE OF THEe STRAIGHT LINE REPRE -
SENTING THE LINEAR ATTENUATION COE FFIC\ENT
At As a FUNCTION 0F 7 NUMBERS

A

?Cr

CS = A AW
CTx(8) - CT#(n)

THiS SLOPE s DETER MINED EXPERIMENTALLY

By scannIng TWO MATERIALS HAVING kNnOwy
AL VALUES .

CTa, "\ CT#,

AREAS OF NTEREST YO MEASURE
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CTH ofF sebstmce x = z"(")/;(:‘.:f*') . CT sc:\u.e FACTOR

CT SCALE FACTOR

THE NOMINAL VALVE OF THE (T SCALE FACTOR

is A000 IN HOUNSFIELD Nt T .

IT'S MPORTANT TO CALLULATE
THE ACTVAL VALWWE OF T SCALE FACTOR

EAacH €T SYSTEMm.

tT FOLLOWS FROM THE RELATION SHIP :

cTu(3)- CTi(R)
ap [ Ay

CT scon€ FacTOR =

WHERE A M = u(B) -/f[A)

IN

2. SPATIAL

UNIFORMITY &

15 THE ABILITY OF THE SYSTEM oF

?lovqu , ForL A qGwveEN OB)&EcT |, THE
SAME LINEAD ATTENVATION VALVE WRRESPEC -
TIVE OF THE PosiITioN OCcvPIED By 1T

ON THE SCAN PLANE

IT 15 DEFINED As foLLows .

SV x CTﬂ ~ CT oo
CT scAc€ rFacTor
WHERE
CT,.Ax. Cloan = RAXKIMUM MM MINIMUM VALVES
¢F THE <CT mvsmBegs , AS CALWIATEL
OVER REGIONS OF INTEREST (A censi
L5 PIXELS) LOCATED AT THE cenTer
MAp on THE BoRDER OF THE meace
OF THE PHANTOM
;-»F..—;;
SPATIAL UNIFORMITY 15 DETERMINE ) EXPERinENTALLY
USING  THE MAIN wselT OF THE RMmiI PHANTOM Of
USING A PHANTOM  FieLEp wimy MSTILLED wWATER .



3. CT NUMBER LINEARITY 9

IT EXPRESSES THE LINEARITY ‘:
OF THE RELATION BETWEEN seo
CT NUMBERS AND LINEAR -
ARTTENVAT ION COEFFICIENT .

WATER Py,
MATERIAL scuvLIe

IN &N 1pEAL SYSTEM THIS RELATION ¢ LINEAR

AND 15 OBTAINED DINECTLY Fprom THE DEFMITIoN
OF CT NUMBERS _

THE LINEAR(TY 15 DETERMINED BY ScANNwn ¢

MATERIALS  WHOSE w4 ya pes ARE KNOw N
AND DISTRIBVTED (VER A wide Qange , AND

By PLoTTINGg ¢T VALVES VERSVS A VvALUES |

THE LEAST SEUARES METHOD ALLOWS owe ™
EVALVATE THE INTERPOLATING STRAIGHT LINE

4. NOISE 10

iIT 18 THE MAIN FACTOR LiIMITING THE

CONTRAST RESOLUTION .

IT RE SULT FROM HANY DIFFEREMT FEATUAES

OF THE  SYSTEM .

@ sTATISTICAL

@ RANDOM — (B) ErecTROMIC

NOISE - (D) ARTIFACT \ © wtovnoing

@ sTrucTuUrAL



(W RANDOM NOISE
NOISE 4

@ swristicar (oe @RNTUK) NOISE

DveE 1o Tue wisceETE wvmsER OF X PHOTONS
CAPTURED BY THE DETECTORS

STATISTICAL NO'SE 1§ THE MAIN LiniTING  FACTOR
M A& CT SYSTEM IT POSES MimntMUM LimiTs
T0 THE X-RAY DOSES THAT CAM BE RANATED
T0O THE PATIENT T0 0BTAIN MAGES oF SATISFACTORY
QuALITY,

THEREFORE | HIGH DOSEs Are R€euiees To
OOTAIN LAW QVANTUM NQISE IMAGES

ELECTRONIC wOISE

'T DEPENDs O THE S/N RATIO OF THE aReviT
ELEMENTS AND ON THE NOISE OF ThE A/p
CONVERSION cifcu(Ts .

© tomding wOISE

T MEPENDS ON THE FINITE NUMBER oF
StaNIFICANT FIGURES USED BY THE PROCE SStayg
SYSTEH WHERE THE ALGOoRITHM o©F IMAGE
RECONSTRUCTION 15 IMPLEMENTED ,

@ STATISTICAL

NOISE 12

IT DEPENDS ON THE FEATUVRES 0OF THE
RECONSTRUCTION ALGOMTHM AND RESULTS
IN THE PRESENCE ©OF A PATTERN OF WELL
DEFINED STRUCTVRE SUPERIMPOSED TO0 THE
IMAGE .
EXAMPLE 1 = STAR" ARTIFACTS OVE To Poor
CORRECTION OF BACK PROJECTION
QL COLITHM WHERE HIGH - DEMSITY STRUCTVEES

ARE PRESENT ; BONES  HMETAL PROSTHESIS €T

(3 STRUCTURAL NoISE

VARLATION IN THE MEAN T NUMBERS OVEL
WIDE RBGIONS OF THE IMAGE , dvE To THE
INFLUVENCE OF STRVCTULES ON PLANE S

CONTIGQUES TOo THAT COMNSIDERED Qe To

THE QANDOM MICRO INHOMOGEMIES OF TuE
MEDIUM E XPLORED .



EXPERIMENTAL DETERMINATION oF 13
NOISE

NOISE  ¢aAN BE ExPRESSED AS THE STANDARD
DEVIATION OF THE T NUMBERS oF & LARGE
REGION OF N TERES T,

\/ 5. (arm cur)

THE TEST foe CT IMAGE Noi1se CAN BEf
bOMNE smw.‘ramsous:,y WITH THE spaTiAc

UNI FORM(TY TEST VSING THE SAmE ScAN
IMA GE

NOISE  cAN ALsp ge EXPRESSED pAs .

NOISE = o

x 400 [
€T Scace€ FACTOR

-"' .

SPATIAL RESOLUTION 44

IT 1S THE MINIMUM DISTANCE REQUIRED Fog
TWo O0B)ECTs OF wign CONTRAST TO BE
DISTINGUISHED 4s SEPARATED From EAcH
OTHER .

QEOME TRuc FACTORS AFFECTMG sSPTIAL
RESOLVTION :

- FOcAL spPoT AwmPLITUDE

- APEATURE OF EBAcH betecror,

= SPACING BETWEEN BETECTORS

- DiSTAance e€TweEEN X-RAY TUBE 4w
O_R)EcCT

-~ DISTANCE BETWEEN x-RAY TURE awng
DETECTORS

OTHER FAcTORS -
= RECONSTRVCTION ALGORITHMS

~ DisPLAy PARAMETER S



H IGH "CONTRAST RESOLUTION 15
TEST
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IN THIS TE¢T A Row ©OfF Roos MAY BE
CONSIDERED RESOLVED IF ALL Five Rcps

CAN RE PERCEIVED WITH  SOME DISCERNIBLE

SPACiNnG  of LOWEUN G OF pENS)TY BETWEEN
THEM

FIXED PRoTOocoL s RECOMMENDED

MTF %
MODUVLATION TRANSFER FUNCTION

(MTF)
' FS’ FROM VERTICAL
EAF | setivarive } LSF
e J
pel o T
Jr ‘.&c""
‘ MTF

afFy

_- e = R e a

cor.oFF -~ !
llﬁnncy

SPATIAL  REsoLuTioN cawn 8E e;x"nesse'p
AS THE FREQUENCY AT WHICH MTFE (s

THE 50/ OF ITS MAXINUM valVE.



6. CONTRAST RESOLUTION 17

IT I1s THE -MINIMUM DIFFERENCE IN ATTENVATIOM
COEFFICIEMT DETECTABLE For OB)ECT oF PRE-
FIXED DIAMETEL .

IT DEPENDS OM :

i, S22 OF THE LOW-CONTRAST O0BIECT

f. IMAGE WOISE
3, DISPLAY PARAMETERS [u.m-.,-mmnru,u soou)

IT ¢cAN BE EXPRESSED AS THE MINIMUM I

DBIAMETER DETECTABLE FROM THE IMAGE

OF THE RM) LOW CONTRAST INSEET .
- I
FIXED PROTOcOL 1S RECOMMENDED.
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7.SLICE THIKNESS 18

ACTUAL THIKNESS c¢aN DIFFER FRom
NOMiInAL |

ALLUMI N M RAME  INSERT ALLcW'S A DirEcT
DETELMNETICN CF TuE SLICE wipTH - A¢
THE FuLL wibdTH HALF MA X\ NUYH /FWHH) cF
THE  SENSITIVITY FLopiLE .

Y

8. RADIATION DOSE A

—

T8 TrE SME{AY ABSCRBED PER MAcE
NT O 2R T *> - LAY RAPIATICN .

-

IT 1S  OF PRACTICAL INTEREST To DETERMINE

a,) THE SURFACE MAXIMUM DOSE -
THE DS AT THE  SURFACE CcF THE BwyY
(W prazay s712 AEFLICATICN - sKin )

b) THE mAximum bCSE AT THE RoTATION Axis -
PGSE N> TE TmE GehY CORRESPCNDING ToO
TRE KOTATN A (F THE SYSTEM  TURE —
LETEcTOR <,

c) CTDI (cT DcsE moex)
cTot = 4 nmvda
T . C
VHEQ.E:

S Dfz) D) = poiut vose Aong Z axis

T = NorAL THIKNESS oF
THE stice



EXPOSURE MEASUREMENTSO
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DOSE INSERT

Ami SVGGESTS THE VSE oF Tug DOSE - InSERT
FOR DosimE TRY MEAVSER MENT |

THtS IMSERT .CAN AccePT A HOLDER  TwaT
CAN BE (oADED WITH A5 TLD cutPs
(For exampre [ F) T COUER A 4o wae
WipTH .

THE CENTER To cenTER SEPARATION
BETWEEN THE TLD cHIPS RANGE FRO A
2 muq (w THE cewea) To 4 Mm (tw THE
BordER) .

THE VALVES CBTAINED FROM THE TLD
ALLOWS ONE TO PLcT A CURVE GILIN G
THE DCSE PRACFILE ALCN £ AxXI1S |







