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Background (50 %)

Early 1980s

Background (83 %)

Occupational / Occupational / industrial (0.1 %)

i industrial (0.3 %) —*
b - Consumer(2 %) | . P
b | —
Medical ] (2 %)
(15 %)

Medical (48 %)

Early 1980s 2006
Collective effective dose
(person-Sv)
Effective dose per individual
in the U.S. population (mSv) 3.6 6.2

835,000 1,870,000

From NCRP Report No. 160, “lonizing Radiation
Exposure of the Population of the United States”

(2009)

Chest
4%
Spma'bone
2%
Frequency
L
-
Angio/ Other
Interventional & Chest
15%
Spme/bone
12%
Head

. 1%
| Abdomen

2%
T \GI tract
4%, 1T%
Mammograplhy
1% Collective dose
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TR 0 0 1 2 16 11 0 0 524 13 14 54 105 9 749
mme| 0 0 0 2 12 9 0 0 186 1 6 38 53 5 312
amm| 2 0 4 19 75 46 5 0 1796 21 39 168 343 20 2538
| 1 0 0 6 28 19 0 0 512 13 51 138 7 783
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86%ABYE7%99%82%E6%9B%9DYE9%9C%B2%E 5%93%81%E8%B3%AA%E 4%BF%9DY%E8%AD%89%E 6%93%8DY%E 4 %BD%9CY%E7%A8%8BY%E5%6BA%8FY%E6%9B%BS--
220_3216_3217_3224_3259.html
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CTP404 Module with slice width, sensitometry and pixel size

Catphan 600 TG O N

« 45&CTP404 -~ 591 -~ 528 -~ 515 ~ 486

Catphan® 600
GO

I 10mre
TOmn:

32.5mm 2.5mm
10mm

CTP404
CTP591
CTFS28
CTP515

CTP486G

00 28mim
[
N

LA Bk S0k s SR (G046y8 4

CTP515 low contrast module with supra-slice and subslice contrast targets CTP486 Image uniformity module CTP528 High resolution module with 21 line pair per cm gauge and point
3 source
Supra-Slice
0.3
~
MU Y On
O

3mm
Length

Wy
\Y
W

Subslice
1.0%
&
7mm

=)
Length m
@ Length _

(@]

. o @ Supra-Stice
. . o~ 0.5

o &RHE - SHEM T A INCT0HU) ~ 0. 5%(5HU)$20. 3%(3HU) R AR R

Supra-Slice
1.0

# W #) B5-18HU

TRARI C R\ B R RELAKE 1. 83 2 NTF
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AR o =G

AAPM CT Phantom

Serial No 1 2 3 4 5 6 7
Rod True iiver Solid  B-200 Breast Solid =~ Solid Adipose

Matenal Water Water (Bone) ~  Water Water

Physical

Density 1000 1110 1020 1160 0980 1020 1020 0920 1.140

(g/cm”3)

8

Inner % = C Cortical
-2 Brain
Bone 5 Bone

1050 1560 1820

RED 1.00 1.07 0.99 111 096 099 099 0.90 1.09

105 147 169
GAMMEX Electron Density CT Phantom Model 467
1 R R & i 32 65




$D%'j‘mt” == /E[Jnfi

CTDUME& 58

3216~ BR10243%




| rE RS FRIAE -

: . PR ALIRE EITE

B 4 & (Visual ; [—) B EM(AE)FHESEEY
mspection) (=) B AR TEAREEIRYELE -
AEHHER T - dE...F
MUEETEAAERES L EhEEH
BREESAAREHR -EAZTEE
E W

) MR LW
FEMERCTaAES | B [—) BRI HRY

HAEMEIRF (Water (=) A& CT & fr#+-7 £ THU = R

CT number accuracy

and artifact evaluation)
HFHEER DM i (—) =& F(mm)etF
i § —#dt (=) BRLETHHRE

{Alignment of lasers

with the center of
imaging plane )




i
/T

=NV N EhvA

K

# % @ 8

IR AIRE TN

IR T 2k SR BT
E ¥ & (Acquisition
display devices

evaluation)

{—) #{&# - 5 (Image display monitors)if
f -
SMPTE )&, :
(100 —5% 8 95% — 1000 = 84 e &
B T
(2) 0% £ 1000 & 7 4 A2 1 o g ' B8 5K
3 7T 5 9% -
(3) FEA AT RO ERE - B
e B 3 -
M) roEEEA PG La =
WAFTHER NG - ARy -
(=) Ep K #(Hard copy display units):»] i :
I~ 0%-~-5% 8 95%~100% 2 {8 # b # M
T 9 -
EHR AT LR

[ e 2t 5 ]
{leveling of CT-scanner
tabletop)

[ e e 55 i e
#riz § Eoitk (Table
vertical and

| longitedinal motion)
THRERDDLE
B 01— B
(Onentation of lasers
with respect to the

| imaging plane }

e

-

#+H

A

EET T TR
3. AEF AR

[ &8 [(m @t PREREEEEE R A — 2 |

1
(=) HaAPRERERER LT
=4 E(mm) L F

li—) EMEATAS ENGTHLR AL
£ (mm)LLF
(=) BRLETHHRE

B

{ERIAH-FH

EEHMRETH
M E g Es
{Spacing of lateral wall
lascrs with respect to
lateral gantry lasers and

scan planc)

[ 54 @ W 35 0 BB

# (Moving lasers

SCoUracy )

Bl B @k
151+ &4k Orientation
of the CT-scanner

tabletop with respect to

the imaging plane)

FREAERSIEL
#1013 4 Evaluation
of water phantom

image uniformity, and

nose)

CT iEgi
(CT number accuracy)

(—) A ETHRcRTHES LSRR TH
B8 = 4 (mm)eLF

(=) £ EHRERETHATREESFET
MR ES E R & = £ £(mm)LF

. = (mmhel F

=4 Hi{mm) e F

() BRFEHOLERS SHU 4 F
AR T LT EXE Y B F

'| —) #& ACRCT i mia
(=) d &
] ~ fedy CT {f & 35-7 £ THU =
2-FeTALN - Rt T CT S
%0 & K& JOHU gL F




width]

¥ & R H =, LEER-F 33 511
— F o E R E(System | 4 |(—) AUEETEWEFERERETEL
safety evaluation) ey
(=) SUAFTHAFFHEFABE 2
WAERE AYERERENRELZSE
o7 FRLGE
(=) S E THET EETEART
FEmHEA - R - R THEF
Hwl L EF
= |PAmERERGIe | B A RN R Low | BE B TRoaNE kiR EanR L
pm"“_mm:" aecuracy) contrast resolution) o g - 1
= |wAARE&RGSIe | B | —G%E iAo F 5T A3 — 4L & (mm)
thickness accuracy) r I HFhREETEEFRES BE |(—) & CT i B4r#-7T £ THU = 1
= iy B b 2 B N B (vas CT i Fa4(CT (=1 B TaAmb R (THBLER
{High-contrast {spatial) in i B numbser accuracy. )
resolution ) x5 1#:'. Electron density fii # ® & I0HU LLF
nair/cn phantom ) .
= SRR & SRR R [(—) ey CT 4 M #-7T £ THU 2 K
(Evaluation of water (=) BTy FFRE SHU it F
E::fj':f;’ﬂ,:"‘ﬁ;h (Z) ARt SR G EAT o2 =+
artifact, and CT T
mmber ) CIELLES T
Ao | e S E S (Output| B F ¥ 0% T
consistency )
4, & & & 5 (Radiation i |RRlERAGIREAF g+ TFAE—F#

(mm kL F




— AL e
(System safety evaluation)

= 1 Bt P AR SRR BT RRETE ki
P

= D RGEITE R L& oo

" 3 RIFHA

1 RERRE B TR IR R AR 6 AR

L2 FERRATT ?‘w‘hm ATl S AR LRRER D9 2

EE'E%'F#HP\ ’7”‘ P AR o

3 f—?iw’fs IE ’»‘Tiﬁf'?'” @%E\‘l f’r& ﬁ

S 2

F_*

25



— ~ R L2THb
(System safety evaluation)

SPSEE

(LI

L

(1) B (B R g i A E RO T TS e Y -

(2) ATEHETE T FIRENE - I (LRI THRE -

i

(3) BB TAE A BN GHERIHA]  HigEG KA EEAENEE

(4) EALEFEDIREIE R

(5) AT faNEDIREILE - EamEHEAT - FREN -

(6) TE7NIH A& a5 DIAE IR

(7) B NI ~ BUREsFIDRE LT

(8) IRMEE AL NN B E - PIdNEERRS « B0 -

(9) TRAGIFAE &R AL PIAIEe i S araE

e’L L'EE :z\ilxlﬁﬁﬁjé%%’i‘#‘ ;%"
Z.IE P o B Wi aeAphE A B 34 o

i
_-‘z\\
e
=




YR LB ZEREN
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(Slice thickness accuracy)
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= 2 BT E K 4 ¢ ACRE Catphanzt

system phantom CTip| & 548 -
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= J77EA(ACR)

Foot

4 3 2

High contrast Uniformity Low contrast Aliggment
resolution & noise resolution

2
Distance
aceuracy Slicewidth

&SSP
ACR Phantom

Acrylic

B — -~ ACR :B) {2 a¢ +120 HU

= /7,£B(Catphan)

R AEEWHM)*0.42 = T 5 [EJE

Catphan Phantom
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= }7,2C(Philips system phantom)

COPPER WIRE

= HEAD PHANTOM

BODY PHANTOM

SLICE WIDTH RESULTS

Nominal shice width (mm): 3

Recon=2D, Filter B, 512x512, STANDARD Resolution

AXIAL, Pitch=N/A, FOV=210, 16x1.5, 120kV, 333mA, RT 0.75sec
Slice Number : 8

Stice width at 30% (FWHM) mm = 3.040
Shice width at 10% (FWTM) mm = 4.708
Calculated Max CT = 564

Background CT number = 133
Center of Slice (mm) = 51.436
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= YR BEAEREM:

(Slice thickness accuracy)

RIS S ¢ (R B A FR G FOV=210mm Filter=UB

HIEEEE © Philips system phantom
i w | pa |Rotation HigssdiE %‘EE ggj@ R
e time (N xT) (mm) | (mm)

;gg%ggég 120 | 350 | 0.75 | 16x0.75 | 3

Eg%% 120 | 200 | 0.75 | 16x1.5 5

iy 2 RER] 0 —EEHESR(mm)BLTT




4~ S8t (ZEE) @#TE
(High-contrast (spatial)resolution)
L P PIRRRETR R R S
1T R o
= 2 BT E Kk % ¢ ACR2 Catphanzt
system phantom CTip| 33 B4 -
n 3. AT B 2 &R
3.1 ACRip|3% ikl 2 2 ?ﬁ—
i
i

3. 1.1 ¥R AEIFH BT
3.1.2 BT R INFR SR

5 1p/cmz. % B o
6 1p/cmz. % B °

3.2 BRI EFTREEF B b L—?‘E b
~PlER é;ﬁ?hiﬁv%7§ﬁU%{Eﬁr% B B35
121 AREFAGE- 2R AEEAR

Eh
@ g

34



= J77EA(ACR)

Head

ACR Phantom

Catphan Phantom

10

Uniformity

Low contrast
& noise

resolution

Distance
accuracy
& SSP

4 cm

~ ACR CT 33X {m 2%

Alignment
cTs

Slice width

LUTHT B
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7/

72 C(Philips

system phantom)

)

L Heweoe
[IMPULSE RESPONSE RESULTS
Resolution - STANDARD

Recen: Filter B, matrix 512x512, FOV = 210 mm, Thickness = 5000 mm
Scan: 16x1.5, 120 kV, 325 mA, Rot. time 0.000 <

Width a1t 509 max = L3091 mm
Width ot 10% max = 2467 mm
Calculated Max CT » 466
Background CT number = 3

Wire diameter = 0.2 mm
FWHM corvection fer the wire = <0.0077 mm

MTF CALCULATION RESULTS

MTF Width a1 50% max = 3.1 Ipfem
MTF Width at 10% max= 6.1 Iplem

Cursor coordimates: X = 43,415 mm, Y = <25.131 mm

3 s24& " MTF Width at 10% max Ip/cm | &9 384 £ -
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(High-contrast (spatial)resolution)

R 28 O E R AR AFE GG FOV=210mm KV=120 mAs=200 Filter=UB
Rotation Time=0.75 {Hinzs4HE (N xT)=16x1.5 JHE{EAE  Philips system phantom

Measured MIF s B EL R (e
at 10 % (lp/cm)| =+ ) ik ENE
EHRA ]
HEE e
=ENE
s A X X X X

sy 2 2 R

Lo RS A IR Ve yEs 240 7 v ¥ (5 line pair/cm)
PR RETRRIERE I VAR a4 2 wsas (6 line pair/em) b oo
2. B NIF A AEINE FRRT R IFRET 0 AMNIF ALt s e
AR i@pz- LT o
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(Low contrast resolution)

= ] Pl PR RETR I R R R 2 RS o
= 2. ArE R ACR (0.6% » 6HU) & Catphancz:
system phantom CTR:E B H p 7 7 M #88()
A EAL% 0 10 HU) & 7%4 BliAfax B = 2 PR B4 o
= 3. ar B TR LR R A EINE F RS K BRI
Boat T o BT R ML T AR EApR o B
EAER A FRE] mm o



= J77EA(ACR)

3

High contrast Uniformity Low gontrast Alignment

ACR Phantom resolution & noise resplution
CcT=
Distance
accuracy Slice width
& SSP

—
4 cm

Bl 75 - ACRR| X ae

=} AB(Catphan)

Catphan Phantom

-Elice TATERT v =

Tmm
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= }7,2C(Philips system phantom)

COPPER WIRE

== HEAD PHANTOM




H -~ (B EHIE

(Low contrast resolution)

R B - IRE SR iR FOV=210mm Filter=UB
HIEEES © Philips system phantom

Rotation HHE | ZEE
| (Rt e (T e | Bt Bt
HERRA 350 | 0.75 |16x0.75
iy 120 X 5
BEREA | 1) ) 75 |16x1.5
L 0 0 | 0 X ;

STEEE SR E R CLE R SR e I A Ao IR S 3T
B AR G R B EEH 4 T AE] -
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(CT number accuracy ,Electron density phantom)
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" JIAAACR) (5T H)

ROIPE80%

Foot

“Bone” ~
SHU

3 2

High contrast Uniformity Low eontrast Aliggment
resolution & noise resolution

ACR Phantom #

Distance
accuracy Slicewidth
&SSP

Acry
+120 HU
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Region

Water

5£C( P h | | | pS Syste m p h a nto m) (7 Nylon (Aculon) 100 £ 15 (+10% relative to water)

Polyethylene 75 £ 15 (-8% relative to water)

Teflon +1016 * 50 (+99% relative to water)

Acryli { 6
crylic +140 £ 15 (+14% relative to water)

Lexan ( 4
+116 £15 (+12% rehative to water}

ER WIRE

Tissue Mimicking Inserts

Lung (LN-300)
Lung (LN-450)
Adipose (APB)
Bri
Zera HU Solid Water (x4)

Brain

Bone (C 0% Mineral)
Bone (Cl
Cortical Bo
True Water

Optional Aluminum
(1100-H14)

Optional Titanium (Grade 2)

Optional Stainl eel (Type 316)




= }5,5E(Cheese phantom) (14fE41'8)
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7N~ R ETFEE A CT EXREM: (CT number accuracy ,Electron density phantom)

{5 B RE i h#: Tomotherapy ZU5%E: Cheese phantom
fR 2B - HE R A A B BRI R PR (4R KV=120 mAs=200 Filter=UB
Rotation Time=o0.75 {Hizgs2HE (N x T)=16x1.5 FOV=2120mm

T8 [EHIEACR CT{EHGHF (A

JHH ME BHE | ABE HEEEER &K | FAeK

1 Air (in phantom) -973.1

2 Solid water -4.3

3 Adipose -93.3

A Breast -53.5

5 Liver 70.2

6 Inner bone 211.6

7 Cortical bone 1212.3

8 water 0

seip H R Lok CT @3 4357 2THU 2 F -
2% okt s B b2 CT e B A5 £ B 5 30HUM T o
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t ~ KB

(Evaluation of water phantom image uniformity, noise, artifact,
and CT number)

i

1. JKRYCTE B EAETHIE
2. BHIEERHE
3. %/ BUKRYCT{E B R
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~ TKARBEEAGETA - 1 . Ky CT (e ST B

(Evaluation of water phantom image uniformity, noise, artifact,

and CT number)
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ROI = 400 mm?
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+ ~ KRB G L (Evaluation of water phantom image uniformity, noise, artifact,
and CT number)
RS ¢ (R A\ TEEL R REEME - FOV=210mm jIL/EAS © Philips system phantom
mAs=350 {HimzsiH B (N x T)=16x0.75 ROT. Time=0.75 slice thickness=3mm
A 7K CTE ZEHERE BRI 2

FR T E _ ‘ HIEEHE
ECHES AL HIFE7K o] o]
i ES[E) EEE | ZCTHE (7@@”#) gé i
(kvp) | (Filter) | (F5fH) | * ™ ™™ -
R FR R 120 uB 4.5
R A SRR (IR 120 UB 4.5
N 120 EB 4.5
I
7L (Filter)
Py e — 100 0B "
D E R BR 5 UB
1B (kVp) 9 4.5
S =Y
AR 4 —
AR ol

i P Rl 1okenCTE R 4 »027HU -
2 A E2 LR > A L320% o
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» IKERASR B - 2. sy a vt
(Evaluation of water phantom image uniformity, noise, artifact,
and CT number)

% 2 CT
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= /57£C(Catphan)

COPPER WIRE

== HEAD PHANTOM

ROIFEEREEH 2cm

ROI = 400 mm?
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+ ~ KRB G L (Evaluation of water phantom image uniformity, noise, artifact,
and CT number)

fmtm i - RE R B ETE R > FOV=210mm HIE{EAS * Philips system phantom
g =1=!

KV=120 mAs=350 {Hf@gs4HE (N x T)=16x0.75 ROT. Time=0.75 slice thickness=3mm
Filter=UB
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t ~ IKBAERAEEHE - 3 . SYIF B KA CT B SRRt

(Evaluation of water phantom image uniformity, noise, artifact,
and CT number)
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(Evaluation of water phantom image uniformity, noise, artifact,

and CT number)
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+ ~ KIEREE= G E]E (Evaluation of water phantom image uniformity, noise, artifact,
and CT number)

A28 - E R A BEERER: » FOV=210mm HEE#E © Philips system phantom
KV=120 mAs=350 {Hfmzs4HE (N x T)=16x0.75 ROT. Time=0.75 slice thickness=3mm
Filter=UB

C. V)R UK CTEE R REE

1. {50 A SRR A A ST =

) ASKZCTE (542 ASKZCTE (67
PRI EREs? EBFE? wRIHT EREs? EBFE?
1 9
2 10
3 11
4 12
5 13
6 14
7 15
8 16
AR g At
JKHYCTE
i P gy, - LK eClT @ s 4 *10£7HU -
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+ ~ KRB EEHE (Evaluation of water phantom image uniformity, noise, artifact,
and CT number)
RS 8 - RE A BB R G R(F - FOV=210mm JlE{{EAS * Philips system phantom
KV=120 mAs=350 ROT. Time=0.75 slice thickness=0.75mm Filter=UB,4H& (NxT)=16Xo0.75

C. ZY R E/KHCTEE RS
2. S AR MR A i (BURy iR )
{HR s dH B (1) A/ N T 8578 (0.75) T BEFHAARRYN (26) » sAREAAIE A T (0.75)

AS/KZCTH (E4-2 Af7KZCT{H (E4-Z
WG = ERFE? PRI R ? EBFE?
1 9
2 10
3 11
4 12
5 13
6 14
7 15
8 16
AR ats a8
JKHYCTE
sedc ] R ¢ 1.k enClT @k 4 *20£7HU o
2. ™
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+ ~ KBEBEE S EEE (Evaluation of water phantom image uniformity, noise, artifact,
and CT number)

fRfm 28 - RE AR A BEE E R > FOV=210mm JlE R4S © Philips system phantom
KV=120 mAs=325 ROT. Time=0.75 slice thickness=1.5mm Filter=UB, 40 & (NxT)=16X1.5
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J\ ~ BiEsmnREkE

(Output consistency)

=] P ;ﬁd Rl IR e

PR PF 20 R TE R 0 F TR A R
" 2 RIREATRRA

2.1 % it -

Z_BE > BT
féj;f]:' Z_FE T o

2.1.1 = #& mﬁ— % A 53972 (0.6 cc Farmer type ion chamber)¥ & * g8 o
2.1.2 fe & B x A)25aprig * 2 &t B 7 &3 (Electrometer) o

2.2 =

2.2.1 = & ehg ¥tk & % 2 £ 125497 ( 10 cc CT Dose Chamber) -

2.2.2 i & TORETE B LAFHTRE 2 B EG

= 3. P | F IR RIS B L AR

B4 3 510%™ o
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0.6000
0.5000
0.4000
0.3000
0.2000
0.1000
0.0000

Reading (nC)

Position (mm)

= d AR 2 A 5E97%(0.6 cc Farmer type i |on chamber) Jc & T i7 % 2 & & X 5 24
mm> AL ERIEF - cnBmida j i LRB(@L ) Bl R
(collimation) & & 3k = 10 mm

= X R BTRL R 28R B akVpE mAsiE Tk R o

s ERBRZAEESHE P EToERE . [RAEMES AT
(Leakage current )}t & J& 2100 11+ ] B-H71F 2e 4k B B B TPlRARE L AR R iR
EaE o2 FLIEE AR o

. EHAFRER  ABRLFNFFE
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| cnE = 5 R B|f=8.7mGy/R

CTDIl,,= f xCxM x

SRR T R e
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J\~ B E#E R M

(Output consistency)

o EE SR Extradin Farmer A19+ Unidose E+ Solid water %I5%: Farmer type

9t 120751 kV=120 mAs=312 {Hfmes4H B (N x T)= 16X1.5 ROT. Time=0.75

= {11 BRI EAr E5E =RH
nC 0.602
SR =V N

R AR S ARELE AL T




L~ BEREE
(Radiation width)

"L P iR AREE REARK T

i Fr i o
= 2.BIFRTE KA LR TekTR SRR
ke Rk 5 (Gafchromlc XR-CT) -

o e H IR PR B AR E 2

A BB ""/\2000'\‘14\%
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= 5,£A(Gafchromic CT film)




mudl
==9

B REE

IR 28 © kV=120 mAs=300 ROT. Time=10

(Radiation width)

HRRBHEHE | IGHEE | &%2E e
(N xT mm) (mm) (mm) =
16Xo0.75 14
16X1.5 26

reic R BHARFLRA I F AL T A A

(mm)r2 =
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= Quality assurance for computed-tomography simulators
and the computed tomography-simulation process: Report
of the AAPM Radiation Therapy Committee Task Group No.
66, 2003

= Specification and acceptance testing of computed
tomography scanners: AAPM report No. 39, 1993

= Catphan®go4Manual

= INSTRUCTION MANUAL FORTESTING THE ACRCT
PHANTOM
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