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ACCEPTANCE

TESTS
SOFTWARE
FROM THE < > | INDEPENDENT
COMPANY MEASUREMENTS
ROUTINE

QUALITY CONTROLS




PERFORMANCE MEASUREMENTS OF SCINTILLATION
CAMERAS

RACCOMANDATIONS FOR QUALITY CONTROL AND PERFORMANCE ASSESMENT OF GAMMA CAMERAS

For the manufacturer

British Standard Institution (BSI)

National Electrical Manufacturers' Association (NEMA)
International Electrotechnical Commission (IEC)

For routine hopital use

Interational Atomic Energy Agency (IAEA)
Hospital Physicists' Association (HPA)
Department of Health and Social Security (DHSS)
Bureau of Radiological Health (BRH)

World Health Organisation (WHO)
Fi

NEMA NU 1-1986

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION

PARAMETERS

1. - INTRINSIC FLOOD FIELD UNIFORMITY

2. - INTRINSIC SPATIAL RESOLUTION

3. - SPATIAL DISTORTION

4. - SYSTEM SPATIAL RESOLUTION WITH AND WITHOUT SCATTER
5. - INTRINSIC COUNT RATE PERFORMANCE

6. - SYSTEM SENSIBILITY

7. - INTRINSIC ENERGY RESOLUTION

8. - DETECTOR HEAD SHIELDING LEAKAGE

9. - TOMOGRAPHIC SYSTEM RESOLUTION

10.- TOMOGRAPHIC CENTRE OF ROTATION



INTRINSIC FLOOD-FIELD UNIFORMITY

— ACQUISITION —

POINT SOURCE GEOMETRY

FLOOD PHANTOM

e A —————)
Povees —T

= —m

ACQUISITION :

- 20% PHA window on the photopeak
=~ 64X64 Matnx

- Total counts 3 milion counts (central pixel > 4,000 counts)

= Count rate < 20,000 cps



* INTRINSIC FLOOD-FIELD UNIFORMITY

— DATA ANALYSIS —

1
e Useful fild of view ————{

Counts

|

|

fe———— Certtrol field of view—s, 1
1

t

1

1

Lo

0.75R 095R R
Distance from centre of camera

UFOV : Uniform Field Of View
CFQOV : Central Field Of View

Smoothing by convolution with a 9 points filter function

A
N B
[ S

INTEGRAL UNIFORMITY

{OVER WHOLE FIELD OF VIEW)

Uy % = [(MAX - MIN) / (MAX + MIN)] * 100

DIFFERENTIAL UNIFORMITY

(OVER A 5-PIXEL DISTANCE)

Up % = [(HI - LOW)/ (HI + LOW)] * 100
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. UNIFORMITY MATRIX

ON LINE CORRECTION FACTORS

If the intrinsic flood-field uniformity test is over the limit of acceptability
then

PM GAIN SOFTWARE CALIBRATION

EXAMPLE

APM GAIN VARIATION SINCE LAST CALIBRATION IN %

PM 1 = 2.3 PH 2= 5.5 FM 3= I.2 MM 4= 4.6 PN S= 3.
FM 6= -@8.% PM 2= -1 .3 FH 8= -1 .7 PH %z -2. 8 PFPHMHIQ= 2.
FM 11= -2.3 fMni12= -1 .8 PM 13 -39 FPM14= 2.5 MFPMN1S= -1
FM 16 = a. @ PH17= -1 4 FHM 18 -0, .23 PM 1% ~-1.9% PHMHZO= -@,
FM 21 = -1 4 Pt 22= -2.7 PM 23 = a.5 PH 24= -8. 4 PHES= -2
FM 26= -1.8 PH 27= -0 .9 FM 28 -5 . 8 PH22x -1.4 FPH30= 2.
FM 31 = .5 PM 32= -0 . 4 FH 3IZ= -0.4 FH 34 = 1.0 PM3IS= -2.
FM 36 = .S PM 37 = -4 4 PH 3IB8= -1.8 PM 3%= -0.9 FHM 40 = -3,
FM 41 = .8 PPM 42 = -1 .7 PH 43 = -1 .4 PH 44 = ~1 .3 PN 45 = 1.
FM 46= -1 . %5 Pt 47 = e.s PH 48= -~-2.3 PH 422 -3.8 PFH5Q= 3.
FM 51 = 1.8 Ff11Sz2= -2.6 fH53= -5.2 P S4= -06.5 PHMNSS5= -3
FM 56= ~-3.1 FH S5S7= -2.6 FH SB8= -3_7 PN SS = 7,3-PH60= -® .
FM 61 = =X .8 FH 62= -1.7 PHMH 63 = -0 4 PH 54 = 2.3 PHES= -0.
FM 66 = -3 3 FH &7 = 2.5 PH &68= -2 4 PH €% -2 .3 MM 2?20= -3.
FH 71 = -3 @ FM 72= -@0.9 FM 73= -4 0 PH 74 -3 4 PHP?S5= -3,
PM 76= -3 .1 FM 727 = -@. 4 FH 78= -1 .3 PH 7%= -0.5 FHBO= -3
FM 81 = 2.5 FM 82= -3 .3 PH 83 = -3 4 PM 84 -3. 8 PMBS= -3
FM 86= ~2.1 PM 872= -1.7 FHM 88 = e.9 FPH 8% 2.2 PM o= 3.
FH 21 = 6.5 F1 22 = 5. 3 FM 33 = 4.5 P 24 = 7.1
CAaLIBRATION DATE 4+ 11 1994

POSITION # (deqa) : 265

APM TABLE # : 48

CONUVERGENCE CODE : TUNING HAS CONVERGED

CONTROL DATE : 7 25 1324

Y P Y ouw e N 8 Wu e N

g N S

NEW UNIFORMITY MATRIX
ONE FOR EACH RADIOISOTOPE




CORRECTIONS CURREN

HORIZONTAL
LINEARITY

Displacement
(pixels 1024)

ENERGY

Peak adjustment
« %

Faw W B Yt

TLY USED

VERTICAL
QINEQRITY

pisplacement
(pixels 1024)

l;u»&a'&-»

- e T
" .

UNIFORMITY

Rejection rate
¢ % D

Uniformity Matrix:
MAPPA DI COR. UNIFORMIT




INTRINSIC SPATIAL RESOLUTION

—~ QUALITATIVE TEST —

BRH PHANTOM

) 4

X(I}lX

= <] =

ll 1[| m|x :i: ——f—j:;:f : ) (::)

ouoou anrremrbiriy

2]+ 1+
Sao

Contains 7200 holes

Schematic section of test pattern. Hole separation {A;) and minimal lead
spacing between the holes {8;) vary in the X direction In groups of six

holes, as follows:
Croup [} £l 1l 1y v v Vit viit X X X1 Xit

At (ecm) | 0.4 |0.45]0.5 [0.55[0.6 |0.65]|0.7 |o.75{0.8 |0.8510.9 |0.95
B; (cm) | 0.1510.2 [0.25]|0.3 |0.35|0.4 [o.45(0.5 |o0.55]0.6 |o0.65|0.7

~ QUANTITATIVE TEST —

SLIT MASK
X
_fl
-1 Stits in Lead Mask
] / O mm  1.0mm
1M RN nan
] L uFOv
Profile ] o B ul [ Canter of Feld
Slice }-
<30mm samks || phetn S pien
Jutuaduuuld [ i
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1

INTRINSIC SPATIAL RESOLUTION

L]
— QUANTITATIVE TEST —

LINE SPREAD FUNCTION

FWHM : Full Width at Half Maximum FWTM : Full Width at Tenth Maximum

EXPERIMENTAL DATA

INTRINSIC RESOLUTION
NS o o ONG Y S o
154.00 -
’ — AT
. —T 1
[ “es UM
"“ - - Fom
115.50 . 1
*
]
n.m Fam !
4 Fam
H
i
- T
1
38.50 i
[
b
!
i 2
8.68 o -‘y
178,08 237.59 3G5.00 7250 49, 69
PDEL N.
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1

SPATIAL DISTORTION

MEASUREMENT OF SPATIAL DISPLACEMENT

— SLIT MASK PHANTOM —

b

TS

Sits in Lead Mask
/ 0mm 1.0mm

R T

Ll

Profile =1 [ Canter of Field
Slice }"

SN EEEEE NN

<30 mm =11

LLL-?LLLL.[_

T T r v ™ Y

RN EREEN

C, . . ... C, =FiTTED PEAK CHANNELS FOR i PROFILES

i) MEAN DEVIATION = El C-C, ‘ / N

| ALL
. LINES

FORBOTH X AND Y (N VALUES)

G,

ii) DIFFERENTIAL = MAX |C‘ - le

i) AND ii) EXPRESSED AS %
OF GFOV.



SYSTEM SPATIAL RESOLUTION WITH AND WITHOUT

SCATTER

bl

PARALLEL LINE SOURCE PHAMTOM

Tolal coun! per pixel number

Polyethytene tubing
about 0.5mm 1n
Inlemal dameler

.. Rigid ptastic

SScrew
clip
PROFILE VALUES
Digital ‘lmage of Line Sources
Seclion
3 ,I‘:I pixels
i breadth)

Plot of counts m each pixel across
the seclion

wee - —————= A -'—{\ ——————
00 17 Thwmn LAV T T T

1 FwWTH
0w d-———— == FA{rl3 )}~ ——~

Pixel number

/e



SYSTEM RESOLUTIONL

COLLINATOR : GENERAL PURP'OSE";i
A e ":\?I‘ et A - E“'“'\' ?
LT |&2 l‘ ' ._

i

NITH 5CATTER R | THOUT SCATTER.

ie1

122
~& ar . - -
=N A4 1. l SR
|
2 | - 1 ) } z2 |- JI__
|
@ Nmidih W ._q{' ) *ﬁ%m ® | isckeked "' B Y.V Y TR
@ 1z~ &1 508 @ 127 54 381 sSes



SYSTEM RESOLUTION
COLLIMATOR GENERAL PURPOSE

COUNTS
130,009 WITH SCATTER
— CAUSSTAR
—r
97.50
65.00
32.50
0.8G
0.00
al
SYSTEM RESOLUTION
COLLIMATOR GENERY. PURPOSE
COUNTS RITHOUT SCATTER
139.00 N
o —— CAMUSSIMN
L —— FUm
97.50 - -
£5.00 b
32.50
9.00 . ™ o
6.99 25.60 59,90 lé_m
b) PDEL N




RS YSTEM RESOLUTION WITH SCATTER]

e

GENERAL FPLURPOSE [ = L FER HIGH RESOLUTION

101 | - : P

|




~ SYSTEM RESOLUTION
QQLLIMQTOR_:'SUPER HIGH RESOLUTION

DISTAMNCE SOURCE-COLL. DISTANCE SOURCE-COLL.
18 CM 3 CM '

B e e T 426
189 | b S IR | S IZ0 P
s6 |- -] S T el 213 : - 1
1
a !
@ ™ L )—HLH.‘J ,M.;a.k o L- e _L -

3 B

]
-
™
w0
0]
)
Ln

[ ITVTS N, et . PN
z Sie n) 124 249 374 498



a)

COUNTS
°Q4.80

318.00

212.89

6.00 L.

SYSTEM RESOLUTION
DISTANCE SOURCE-COLLTMATOR : 10 CM

- CAISSIAN
~ fun

.68

25.00 S0, 00 75.00 100,09

bl

COUNTS
Q4.0

318.00

212.99

106_69

SYSTEM RESOLUTION
DISTANCE SOURCE-COLLIMATOR : 3 cx

— CASSIAR
— fm

50.08 75.00 169,69
FDEL N.

oy



*INTRINSIC COUNT RATE PERFORMANCE

GEOMETRY FOR COUNT RATE CURVE

‘“ COPPE A ABSRRER PLATES
EXPERIMENTAL DATA
INTRINSIC COUNT RATE PERFORMANCE
OBSERVED
MARIM!HM 19000, , o - e
- P I A < —— FAST_RODE
! creere HORNAL _NODE
/ --- NO COUNT LOSS
142.50 /
/ LI
,f - T .
I, i ;"' -
’ L
95. 001 S S
/ *
! fs
1 i
I—_.
47,50
0.00 v . v .
6.09 135.60 270.00 405. 60 540.00

T P. ' 2' INPUT ¢ xcrs

~

S/



SYSTEM SENSIBILITY

PLANAR SOURCE PHAMTOM

‘m—

e
s s gn =
bt

»

100 mm

S = counts / MBq - sec



INTRINSIC ENERGY RESOLUTION

RES % =FWHM /PHOTOPEAK ENERGY

rergu Pes = 13,99

kecount: 1114 kcount/sec: 2. 50

RISOLUZIONE IN ENERGIA

COUNTS
124.0% . 0-0 PUNTI SPERINENTALI
— FIT GAUSSIANT

93.00

62.00

31.00

0.00 -
122.80 132.50
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. DETECTOR HEAD SHIELDING LEAKAGE

SMALL CUBIC SOURCE

e
e w0 o o of
e g =

. T,
i :

100 mm

—L_ X Reference position

L (%) = observed count rate * 190
reference count rate.




1

. TOMOGRAPHIC SYSTEM RESOLUTION

TOMOGRAPHIC PHANTOM

b 200 + 5 mm -~

P TTTOFTISS

10+2 mm_.J

200 mm

AL HARARLLLR LAY
ALLALBLLLBRUL LY

Line Sources

ACQUISITION PARAMETERS:

- 20% PHA window on the photopeak
- 128x128 Matrix

- X2 preprocess zoom

- Radius of rotation 150£5 mm

- Transverse slice 10+3 mm thick = 250,000 counts

-

-



#FANTOCCIO TOMB 16333

TRAMSUERSE
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. TOMOGRAPHIC CENTRE OF

ROTATION

POINT SOURCE
( 5 cm from the axis of rota

Front View

tion)

Side View

)

=

- Ceonter
~ of

-,

Axls
of

/ ’/\\\/ Rotation
t \
+

A~
t

Rotatlon

/
)

(] —

SINOGRAM
Transverse Diraction
Axlal
Source
Location
Axisl
Direction
Transverse . 1 ! I
T
Source 0O 90 180 270 360
Location Rotation Angle {Dagress)

I 1 |

J

0

90 180 270 360
Rotation Angte (Degraas) 9’

FITTING =—=> Asin(8+¢)+B

Expected COR : ( martix size+1)/2

offset ==> R =ECOR-B

R(3):

sinogram - fitted curve






i

RECONSTRUCTION FILTERS

— SPATIAL RESOLUTION —

O O

000 (O

Ol B~
D $ o

3
?

o

NESSUN FILTRO FILTRO SHEPP-LOGAN

- 6771 A/\ 6729
sers \ se47 {//\\
3386 l - kw/\\} 3364 A\
1693 I \ 1682 - \
. / \ . ] \
° 3 12 19 z5 . 3 12 is 25
FILTRO PARZEN FILTRO WIENER
5409 /T\ i s200
1[\
7 3906
AT N
2744 1 2604 \
1372 / 1302 / \
. / \ . /
° s iz 19 2s . 3 12 19 25
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A, THE INSTITUTE OF Report No. 66
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Quality Control of Gamma Cameras
and
Associated Computer Systems
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Activity meter (“Dose calibrator™)

Before each measurement:
Background

Dailv:
Measurement of a standard source (Cs-137)

Monthly:

Battery test

Zero test. Adjusted if necessary.

Background test. -7-

Measurements of three standard sources (Co-37, Cs-137 and
Ra-226)

Documentation in protocols and in graphs placed close to the
instrument



1

Nal(Tl)-detector for thyroid uptake measurements
Daily:

Energy window
Standard source of I-131
Background

Nal(T1)-detectors for measurements on samples (“gamma
counters, well detectors etc”

Before each measurement:
Energy window
Background

Standard source (Na-22)

Every 6 months:

Absolute calibration (all radionuclides measured)
Volume correction

Deadtime correction
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Rabbit test

S
Temperature

Limulus test

Fig. 5-7. Pyrogen testing employs either rabbits or amoebocytes obtained from blood of horseshoe
crab. In first test, end point is rise in body temperature. In second test, end point is gelation of ly-
sate of amoebocytes.






