=5 H(,« T — }r—k EI:H— 1:.:
==N) | I==Ri=s F
T

44
T mm B Ri5RIE

e
SR IRET BEERIATEN
= cunsyEAT

www.tmpinc.com.tw



SIE

- GIARBEN R 8L
- RIMABELFT 8L
Eg i

=S >RpAAE =

— HBEEPEBAED

— BEEYIEENEE (ET2E)
— ESNHEIES

— ERSIPHERNEE

BT 5% AN SR

- SCIE—1FE&ELRE

— SCI H[EfFE1LR=

- MREFTEEFALE

— MRETEHEFEFTFAHL

2K [FR

L /1=

- GE2EEYBENT

. ZI%«E@
- EEAS
o FRIEEED
- MORRACTER

- RIS E O EBEYIER
T B2 EE B ERD
- PERBEESYVBESED

- BIFEES

— NERBSHHENAE
. JEES
. 4EBPE

- ZallrES WA MR g =

- TiER/EBEBZEE

—- BlEEIEETE
. "*’g“ﬂ%ﬂiﬂéé

- REEEERREMERETS
- AT

- mEKOEEE



B

KEHII2FIRFREZEES
§R\ ,J\EEIZII_IEIE _Elﬁ;_'gf Ffit

IELT
3 ]I

112F7H1H AR E i




i

& 57 o= A R BE on B RAE MH B VA AR

7t BE 3 P R A

— B171%

- B EE R EmE R EEN ] B E R EmE REE =

- KREREBEEEmMBERGHS - EXEAESNETEBERE
— B431%

- EMEBTEICL EA TSI NE - WSHRMKE | &
RN ER @ BREBEERS - USTEFILIFE

- R EREREEMmEREHGHEEEAESRERETH
EARIEE IR A

- BEBREmERERE



R O A5

98 5y 85 R AR

1 27% 4
SEZ AN BT

Hag S A S

\IIIE_I\

ax B NZRLHE B E A

F1%

RPLA KRR SRS T TIRE=IBREEL -

2%

BB EA NI ZIAEYE « o 25 RR SRR s tH RERR
E EREBERE RS R REEASSERGOAE

ZHEBEEE  EnBREREMEREFTE (U TEERERES

= ) HEsIE .

(1073 R Fes - 1Y)
BIIEEEASER -

RE -

%31#

BEEREnEREHAG CBEAOT
- BRI mEREETE -

- EEBmMBERETEZEN -

- EEREERE -

- EERBRACEE
HitBRmEREEIE -
EEEREREREeHBEETE—A

BAsEIE -

FE4E

EEREMBEMREZEAES UITEEEEAE) ZBEAOF .
EEHITmEREES -

s HITMEREBEIEMREZRER -

- DR ERAER -

M- HITEHMMmEREEFESIE -

A~ T2 E MRS IEKRZ

I:HIEIIIII |

i mERE TS

FE51%
(FRIBR)
F61%
(FRIBR)
F71%
ZrT AR EE mERETSEESEIER -
WA ?E%”’f%&%%%]ﬂ%&?ﬁ IR -
UIE FEETEEFHA ISR -
ﬁﬁﬁﬂx&%ﬁ%%ﬁ&iﬂﬁﬁ%‘ﬁéz
- ZFEHARR -
- BITmEREFESZIER

A= EH A

==t YNV

CBRRKITE -

l:H]EIIIII

- mERELERZRE
: Hﬂﬂ”ﬁ%’f&ﬁfﬁ/\i2$lﬁ °
F-IRRAIEEB LR - BEEERHRGSEIEREZE -
SH 815
ERREnEREHGESEFARTE R W mERE
SIERNTHER - MWIFRACHEE -
FB%
RPLEREZ BIRACE: - BRE=F -
£101%

APLEAEPERBNA+INELH— BT -
RPLRIE IR B &M B AT -

2023/6/5&5



N N O I

1.LINAC ﬁigﬁﬂir$4‘§9 2 +1 BEES 1, HELR
LT AT AT }—* E
2N EgizgsnE

él%%?&ﬁ 3/ N/
2.Co-60 [5]1.

3.TEE A [H1.
4.CT G % [E]1.
5.ZEfE 7] [E1.

6.705% 7] [=]1.

7

o

[E]1.
[E]1.
[E]1.
[E]1.
[E]1.
R

~
—

o

B
=

L
=

7

o

5 F & & B &

B B B 4B 4B 4B

7

1A FEE R BAREREA

(FEFE/ ) C’*‘%ﬁﬁ@]‘ i HEES (-5 TREEE
2N ez E CULE (22)
QEQE%QE 3/ /-

o

TS HEHTL - BT T B3ER 01, EREEE
GefrrE/ ) SRR HEE (- 5) ¢ (R4S
@%ﬁ%m EHEIRER (1 1)
NN i
B o

SIEBEEME [F1. : [F]1.

10,085 TR 2T ~ TR BRI NR BT FERE
GEFRE/ERE) LB Eal 22 (e TR
B SR CULE (- 1)

BN - pEEEE




<" Atomic Energy Council

O TBBRRFEERS w @l | SReE | Rss | ®F® | enousd | £ w& o B <

FOARBLT )}

0>
'

Mt AE B I B 55 B AE B b TS BREAEE

Wy

HE > HEAE > RER

FASHGESRALGEL EBHERE pomon
BoERBEE) > QESRNBEETEX .
S ER R R SR O (R IE T L B

HEE B - 2023-04-14 11:25
L
EgipE ASRUEAEEUESFBERERE BRI REIBE 2 EFSEFSERSEMHEE E5iRGERS RS FEE

) BROTOhESHFAZOIERNERE AN > BIMARTERATETRRBRERERRFEZRE -
BEEE

DEERMEREACLRATERAMIEHOENRES  BEARSHARSENERE » RESARARERR

BHREREBEASZENRE  BERFILSEINERTAXIRARRERAFEZRAE - RESHRIDZAMEER

R2E3Sa LS EFINEREBCENARSEEE » SEI02EFELRABERNCEETRAE - REKAR

BREERREAE  Sl1IFERXBETREER  THRAEERELE - EXRSHATET2EXEERAES » BRLSH

WER  BEELIENEIRFREEE

SESENESNBARFESE  RESRFTEABURIEXIEEERAFREEREREEREEE BRSNS RFE
B ' QRAESREREFEERESE - RESRERGFEsRRRRRMEER - UEEEY - BERR2NEHRE
]S o

HAR
O E5RHRE RS FAHRE(112FTH1B8HT)
Q@ EHRFREREFHASEREX A\ B E RS ESEEENE(112E48 128 /#17)




RAETE

SRR
HEEEHD BE I E 12 B 08

BIEHH

B) 0 WETEN RE 12 & 07

BHEBRRESLETREBLEESE R IGEZ
ZMEANEESEZ O E TS ELARA

BHEBRRELEREREANAT=ZF T A NBATHREEE
(15?,311313"_?&7?']“’]’)@1‘515%117 AtwFELA—B#fT HEREEwRE

5 CHEABRBEREGMREFT T —AARSHES T RTHANES
HIRBANTIE

wEREBRAT LER
YA X ABMAPITNARE LS ER 2885
IHABRBHEZ2RARURABERRAELT  ARBEHFICEEF XM
FHYR X WA R B R0 E DT R0 2% UBRREAR
ARy BERREERRAEL -

YERTMRLE ¥ 3 FE R0 EH
Bt BERER

HEE ERABREYELYE
FTE R FREB SR EFEFEILE X APV A R THE R T
HRZBEARBELEREFEE FEEANILE X AHPERESZAIRAY

12 23R » &4 # £ B M4 2% (American College of Radiology, ACR) #
MRz BMILE X AMPRRATHE R FHASETMETMR  EHHAN
EHERAMIEARAARER  HEHRFIEMAILE X AHBERE
BRBELEFEFERREE - ARRERRRES A HEETHE
BFHMERERIGRLETHE E A ERNGE T oA UETED
RABHED EEBERSHZ BN IMEBHBERE TR TREBRE
R EXBFARZL-MEANERAGZOMERTHER S EESD
=

. IR

H o0l H

ARG ERMEREE X AEAEE N ERIR
EmBREFEZEE - (BLERXETIK)

 BBERTIE X CEEEEER ZRERIEE - 58

RRGERVBRESTEZERARRERIIE
X tEe & FEHMUAIAE X AmEEREENT
ZRERIAE ~ AR RERAZRE=SE - (BIE
R FE IR Z — K= T %@m%tz—)

BIEZETREEE E iR E - 2B EREER
g B EERE MR HEEREE T 2 RERIE

B SARKNERIRESTE

RN EZSENFRZIUMERT )
SEgMEBmTA X NEEENH 2 K RIA
( FIBIRSCE N

(BLESNIRZ

E > "/FE'/\&,.\:.%_JZ nb‘?'@‘nq:'fg
-V E

HRE AR RIEIE RS R MY 3= Z AT
NE+=1%)

HE - (BLEF



O TBBRRFHEERE = @B | BEeR | rss | mFE | evousH | 7 0 B %

%5 Atomic Energy Council

A RS O
)i = e B B 5% 3R ¥z BE B il H 5 fh & EoFES FhEEilEE
HE - FEHE > THREER - SHE? - BHEREEAN RSN HEEE
= =1 o == O % é i oo
EREE RN EEEEmEREsIES ZHEARE DnORGE A
ig HiRE
N RAEENERETE
SEKEE G SRBERESE R EESES
(i —) sEsi B IR R M R AHA T 2 A B3 (DOC) (ODT) (R1EEHrE S ClEFHERFHE) 2

(MfEh) AR ERAERETEFEEREREREEFE

(MEhz— AR ERHAERE - AEERR N RS RAREETE
(MEFhzZ e AEREERESEMERERELEE

(M ERAEREERAERETEFEERHREREEFE

(M Tz ERAEREFREEREZHERE - BARERASBESFTE

(MErzZ )R AEREERHEmERERBICEE

(Mt+t— BRI FRREI EEREnERERERERES
(Ht+—z—EEEEEAEIRHEERE- REEE - ARRBRARESETE
(ME+r—2z|EEEEESEIFEEaERERBLEE




F'i‘f fl s A I E X A£#H3E (Conventional Mammography | ft & £ 35 X A8 % & ( Mammography X-ray equipment )
X-rayequipment ) B = H%FAE - IR ASELBREER | AT H % EE - BAREFLL B EE A
&

= ARRARALT :
(=) + %% &4& (Mid-Density: MD): 8 % & & A + AHREREEHERMOBYSMAZ AR -
EEERBELRIN B RAZAER - P ARAPR AT

B R 15 3 [5E ]




M TUELE X B ( Digital Mammography
X-ray equipment ) FEE T 2 R5EIEH

RERIAH
AEEEETHTRE
R H BT S
=B mER S
AmEBRITE
Al 5I% At ATl CC B 29 EO RN ED
B EN iR EEZ S TN8E

R ERIE B

1EME BmBE

BB RSk BRF
*LFﬁﬂETEE@’@
BRinE
MG TFibmeE
eI R EBENRE A LIFlhmeE
ENh#meE
BRAEBEZA
[B238 7RI

pir
)

i
il

N
e

I—\_

78 FHEIRES
WM& LIFlhmE
T\ MEREME R LIFlhmeE
T EIR#EmE
af— BEEEUAIAE X ARTZERBRBNETE == EE-7
= WMAEEE - BRTRERZZmERRIER - T +— NI R B AT TS [ AT S

_ 1+ BUFEEE e N =S E
LEIEIER

RARRECGEFE)
BERD(EE)
EEREETEBIEY(EF)
HRmE(BF)

R ARG (B )

N—
/J

~t




¥ B IR g BA = i : 3 =, i &= 4 T {&
R e B gl | (—) I EBAB R PSS s SEs —
( Phantom Image AL E 45 ESEBR A = ol E BB B — 5 1L

Quality ) r

(=) A THFHERSEORBAIEBHIRFL

EUUFLERES : 2, 3, 2

ACR Mammography Accreditation Phantoms

Digital systems S/F systems




IBRAN,

B i T S e 9

IBR+ : ¥ ELERIE (Low contrast resolution)

IBRT=:

I £ 51 {& (Dosimetry)

[BIEIR

EhR IR

= ¥ EL(ZE @) B2 47E (High-contrast spatial resolution)

5 ¥k

AR
( High-contrast
('spatial )

resolution )

(ZR/)

5

(—)

(

=) RBAE LR A MR A

WAL A A BN AT 4 AR
XTHRES WL
¥ (6 line
pair/em ) LA & & BR AT
B ER AT R ALK T
R /NN B
%t (8 line pair/em ) X4
+

5 B AT BB B AT 4 A
XFH* MIFE 5=
‘Tz Ak EE

BE 52—+ F

AT
( High-contrast
('spatial )
resolution )

(—) % AR A BLER 47 45 45
XTHES PR
oM ¥ (5 line

% BRI
JE O ER A R A T
oy PHE Ao s
%t (6 line pair/cm ) »A
L

(=) S A F R A BLER &
= AR A SR A 1 AR
ATF £ MIFE 452
txEEmk R xR
BEHZ =TT

pair/cm ) ¥4 E




CT QA — ZE[E]fiEfT IS

‘ 12 line-pair/cm
4 line-pair / cm

\\\\ y TS ‘ ’10 line-pair / cm

PP
$

5 line-pair /.cm - B
9 line-pair / cm

6 line-pair / cm

\\\\\\ 8 line-pair / cm

&

7 line-pair / cm



CT QA — Z=fEIfi#T,

s

MTF Curve

Limiting

S
LL
—
=

0.1.23456.7.891

0 1 2 3 4 5 6 7 8
Spatial Resolution (Ip/mm)

OncologyMedicalPhysics.com




cT QA (RS LL ML

EhR IR

+ | RHLARE GE | (D)RA ER A KRR + |EERARME B RNTRAZRHILHE S
(Low contrast (American College of (Low s E A0 KB 23 e
resolution ) Radiology. ACR ) 27.2% contrast R A —EF (mm)

resolution )
B » H ¥k 3k

( Contrast-to-Noise
Ratio, CNR ) & 4 -

1~ % B o A 38 3R
BN LR B — 25

B A L
us iy Sl

(=) A Kb mas - &b

TAZ AL EE
_fﬁl )‘t—\ }_?—_ A’é‘_ ;*:ﬂ -lﬁi:_ . ;{_ _& /f‘{_{’
B o R T AR — & #

(mm )

S(LuE+ BEYE =




ie 2 mm(=v:l)

s

Target ROl . pi,qet = Mean of pixel values inside RO,
Orarget = Standard deviation of pixel values inside RO

Background ROI :
O Mbackground = Mean of pixel values inside RO,
Obackground = Standard deviation of pixel values inside RO

noise = obackground
- (Obackground '; Otarget) ; 2 05
noise [(Obackground * Otarget ) =21

Hbackground — Htarget

CNR =
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— High contrast spatial
resolution
— BHEN :
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Transfer Function
(MTF) Graph
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— Low contrast resolution
— B
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Catphan Phantom

B ORI

ACR CT Accreditation Phantom




Target ROI : W, ... = mean of pixel values inside RO,
Oiarget = Standard deviation of pixel values inside ROI

Background ROI :
O Mpackground = Mean of pixel values inside ROI,

Opackground = Standard deviation of pixel values inside ROl

— . 0-background
Ubackground — Htarget noise = .
g 9 (obackground + Otarget ) =2

CNR = _ ) . .
notse [(Gbackground + c)-target ) +2 ] >




Beam hardening effect
Tube spaectrum After 20cm water After I0cm water
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CT number (pixel value) = x 1000
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Noise
- EE:
- BERMAGRENZEE(O)
- RERER
« kV (photon energy)
- mASEIXEICIEE
- BRHINIEETUIE
- BRETRATEEEE
. 15 “"’f El%

FBP : filtered back projection

IR : iterative reconstruction
- BEEA
— Standard - bone - soft -
detail ...

5 58
« NPS ' noise power spectrum
« SNR - signal-to-noise ratio
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water scans : water scans
900-00-10 . XM 900-00-10
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Bone Filter
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X-ray source

'Fan’ of X-rays
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Noise Power Spectrum of CT images

v ¥ 1iMeanish;’
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s Rl el

NPS indicates :
e Area under NPS curve is equal to
the square of noise (magnitude)

Mean and Peak frequencies are
related to the noise texture (noise
grain size)

NPS (HUAZ mmn3)

Fine texture usually indicates NPS

v bans o 0e 080 has higher mean and peak
Spatial Frequency (1/mm) frequenCieS




Noise Power Spectrum of CT images

* NPSis determined from the Fourier Transform of the spatial autocorrelation function of
a zero-mean noise image

* For volumetric CT image dataset, NPS can be evaluated in 3D, 2D, or 1D (radially-

2D 1D (radially-averaged 2D)

_ AxAyAz

3DNPS:  NPSy(fi fy. fz) = 3 pr

- .2
. < |DFT'3D{I(x; Y, Z) - I(xf V, Z)}l >
autocorrelation

2D NPS ffplane:  NPSy(fy, fy ) = S < |DFT,p {1, ) =T} >

Ny
2D NPS ff-plane:  NPSy(fy. f; ) =

_2
22 < |DFT,p{I(y,2) = 1(y, D)}
yiNz

>

I(x,v,z) is the CT volumetric image data, and I(x, y, z) is the averaged
image to remove the DC components and/or de-trending

(...) is the ensemble mean

1D NPS is computed through radially-average of 2D NPS.

Siewerdsen et al, “A framework for noise-power spectrum analysis of multidimensional Images” Medical Physics, Vol. 29, No. 11, November 2002
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RS HEA-BRIEENEN =
— Routine exam dose
— S HE :

* MSv

E/QEB .
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« kV (photon energy)
« MAS
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= EmE
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TLD method
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o BRHITHEE-BR M E L 3R

— Radiation output rate
- BB
« mR/s, mGy/s
- #ERE :
« kV (photon energy)
- EIXEIREE
- BEHSETIE
- BENEE
- BEURATEREE
— AL
« REEHEET(TLD)RAIZ A




. BESVIARI- ¥ EE

— Half value layer (beam quality)

- EZRE
« kV (photon energy)
- [ERERIESE
o BYERA/N
- EIXEREE

I Half-Value Layer, mm (inch)

fke?;)\ Oltage Lead | Concrete
[50 [ 0.06(0.002) | 4.32(0.170)

100 0.27 (0.010) 15.10 (0.595)
150 0.30 (0.012) 22.32(0.879)

|

200 [ 0.52(0.021) 25.0 (0.984)
Bso | o0ss(0.035) | 280(1.102) |
300 147 (0.055) | 31.21(1.229)
400 2.5 (0.098) 33.0 (1.299)

7.9(0.311) || 44.45(1.75)
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— CT numbers accu r:laY CT number or Hounsfield value
. ,_I%_,}EH 1ﬂ iﬂ = 1000 (“Tissue ~ Hwater ) / Hwater

/

- RERR | (HE—E)
« kV (photon energy)

CT NUMBER

. BIELREE
o @EEI %j nmJ .HH = VOXEL / /T el P'c ):EL |
- BEIERBEEE W . i
. HFHIBSI AR RN

) 1§¢ADD$ IE? DENSITY Z

« XBEERI
— FBP : filtered back projection

— IR : iterative reconstruction

- BREE A
— Standard -~ bone - soft * detalil ...
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(Visual inspection)
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(Water CT number accuracy and artifact evaluation )
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ACR CT Accreditation Phantom




CT NUMBER

TISSUE
VOXEL

U
U]

ATTENUATION
COEFFICIENT

L\

DENSITY 2Z

IMAGE
PIXEL

/]
Tissue — //H o cT

W

X 1000 = yymeer

50 keV  Pixel value
Air 0.0002704 -998.8
Water 0.227 0.0
Adipose 0.2014 -112.8
Muscle 0.2373 45.4
Bone 0.81408 2586.3
Lead 91.26535 401050.0

Wp given in cmZ/g

Air p=0,0013 g/em?

Water p=1,00 g/cm?*

Adipose tissue =05 g

MUSCIe p=1,05 g/cm?

Bone p=1,92 glem?

Lead p=11,35 g/cm?

100 keV Pixel value
0.0002002 -998.8
0.171 0.0
0.16055 -61.1
0.17745 37.7
0.35712 1088.4
62.98115 367310.8

200 keV
0.0001586
0.137
0.1292
0.1428
0.25152
11.33865

Pixel value




HiLight detector

Collimator

(16 elements)

X-ray Tube

Lightspeed detector




Detector configurations

A

1.25 mm

: 20-mm x-ray » 10-mm x-ray
beam width beam width
—» |- Z —

Combined | Combined | Combined | Combined 2.5-
for 5-mm for 5-mm | for 5-mm | for 5-mm mm
slice slice slice slice slice

C

: 20-mm x-ray > 10-mm x-ray
beam width beam width

Z —— L ——

5mm 2.5 |1.5|11|1|1.5] 25 5mm S5 |1.5|1]|1]1.5] 2.5

Combined | Combined | Combined | Combined : 2.5-| 2.5-| 2.5-
for 5-mm for 5-mm for 5-mm | for 5-mm mm| mm| mm
slice slice slice slice i slice ' slice " slice




o\ Scatter septa:
W\ 1-dimensional

0.625-mm .
detector =\
elements

1.25-mi
detector
elements

Al : 0.625 mm x 8 HF




A Detectors at 180° B Detectors at 180°

Cone beam effect
Cone beam artifact

Differer{' ‘R\ ‘
volumes elys 107

sampled this slice
o e o
from

: plane!
opposite
directions P

.

Z-axis
- Detectors at 0° Detectors at 0°
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Ring artifact

Sinogram Reconstructed CT image
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(Alignment of lasers with the center of imaging plane)
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(Acquisition display devices evaluation)
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Display settings: window center(level) = 1024, window width = 100
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Display settings: window center(level) = 1024, window width = 100
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(Leveling of CT-scanner tabletop)
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Step 1

Step 2
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20 kg
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(Table vertical and longitudinal motion)
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(Orientation of lasers with respect to the imaging plane)
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(Spacing of lateral wall lasers with respect to lateral gantry lasers and scan plane)
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Large ROI vs Small ROI
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