An Introduction to TG-142
Imaging QA Using Standard
Imaging Products

Mark Wiesmeyer, PhD, DABR
Technical Product Manager
Standard Imaging, Inc.

e/
STANDARDIMAGING. 3



Goals

e Understand the nature and intent of TG-142 imaging metrics,
e Introduce some imaging phantoms used by PIPSpro,
e Understand how our software works,

* Develop an intuitive appreciation of the mathematics.
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TG-142, Table VI — Imaging QA
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Planar MV imaging (EPID)
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Spatial resolution
Contrast
Uniformity and noise

Planar kV im:ugingd

Planar MV imaging (EPID)
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Planar kV imaging
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Scaling
Spatial resolution
Contrast

Uniformity and noise

Cone-beam CT (kV and MV)

Geometric distortion
Spatial resolution
Contrast

HU constancy
Uniformity and noise




PIPSpro - Imager QA Metrics

Metric QC-3, QCkV-1 Catphan
503, 504, 600*
Geometric Distortion — Volumetric X
Uniformity X X
Noise X X
Contrast X X
Spatial Resolution X X
Hounsfield Unit Constancy X
Low-Contrast Visibility** X
Low-Contrast Detectability*** X

* The Phantom Laboratory
” ** Elekta Acceptance Test
STANDARDIMAGING. _’ *** Not available with 503...missing the 515.



OC-3 Phantom
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QC-3
H Region Bar resolution Ip/mm Bar thickness mm
¢ NOISe 1 0.76 * 15 mm lead
2 045 * 15 mm lead
o 3 0.25 * 15 mm lead
Contra St 4 0.20 * 15 mm lead
. . 5 0.10 * 15 mm lead
e Spatial resolution 6 15 mm PVC
7 15 mm Aluminum
. . 8 5 mm lead
e Uniformity* g AT
10 7.5 mm lead
11 15 mm lead
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OCkV-1 Phantom

QCEV-1

Bar resolution lp/mm

Region| (Bar thickness inches)
. _______________________________________ ]

1 2 46 (0.008)
2.00 (0.010)
1.50 (0.013)
0.98 (0.020)
0.66 (0.030)

Transmis=sion Rate at
a0 kv

10%
20%
30%
40%
40%
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Essentially identical to QC-3, but for
kV and adds contrast detail regions.
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Catphan Phantom Family

The following diagrams were taken
from Catphan manuals, which are
all available online.

Catphan M1 M?2 M3 M4 | M5

503 404 528 | 486 Elekta
504 528 404 | 515 | 486-2 Varian
600 404 591 | 528 515 | 486 | Siemens

Module Inserts
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Catphan 503

CTP404 -
CTP528 ‘l,%f
CTP486 ;?‘?
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Catphan 504
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Catghan 600
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What distinguishes the phantoms are the analysis
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Noise

1

NSI = 0f100q = |7 Zi=a (X0 — )2

* Noise is calculated as the
standard deviation of the pixel
values of a region in an image.

* Noise represents random
detector signal fluctuations.

e Noise is assumed to be
“stationary”.

Which image is noisier?

74
STANDARDIMAGING. _9



Uniformity

 (Non)uniformity represents
systematic detector signal

fluctuations.

e (Non)uniformity can be removed
(improved) through system
calibration.
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Which image is more uniform?



503, 504, 600

CTP 486 - Image Uniformity Module

Uniformity and Noise

Hounsfield Numbers
RO tean Sigma
1 15.708 10138
2 E.870 3.770
3 4918 10.455
4 4.928 10.217
5 £.230 9.891

The mean value of each region of interest (ROI)
is used to quantify uniformity. The standard
deviation (Sigma) is used to quantify noise

Integral Yertical Huarizamtal
nion-unifarrity 2.000 2.222

Integral Non-uniformity
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Integral Non-Uniformity \

Wertical Horizokkal

Inteqral
niof-unifarmity 2000 2.222

Integral Non-unifomnity

CT Mumber

- II T | 1 T 1 T 1 T T T
0 0100 150 200 250 300
Fizel Pozition [from left or top]

vHorizuntaI [frarn left] A‘u"ertical [From top) |

PIPS shows CT#’s plotted on
the same graph.

Note that CBCT images tend
to be more noisy than CT
images.
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CT#
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Integral Non-Uniformity = CTmax - CTmin

CTmax + CTmin

“Cupping” or “capping” of the CT number
may indicate the need for recalibration.




A Basic Equation

CTmax—CTmin

[ntegral Non-Uniformity = ,
CTmax+CTmin

Same equation as for beam flatness.

, Max — Min , . ,
Max — Min 7 _ Maximum Dif ference from "Midrange”

Max + Min Max + Min "Midrange"
2
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Single Image — Uniformity and Noise

. _ SROlnax = SROIin
SROLyax + SROLyim

SROL i

FOMNU | FIU RETN
(€] (%] ]

Maoize

SROI,

A Percent Integral Uniformity value of
100% theoretically means that there is no
variability within the useful field of view.

_ 0a1 T 0p2 +0p3 + 0pgq + Ops
Opverall = 5
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Dual Image — Noise
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Rajapakshe, Luchka, and Shalev: Quality control test for electronic portal imaging devices - 1996



N
. 1
Noise (Dual Image) NDI=UA=V - (-W_l);(xi_mz

1.2000 0.5000

1.0000 AP aaa

0.8000

0.6000

000 VA VAR pkpd ey A~ Ay s

0.4000

0.2000

0.0000 Hhegtawnpil — hoon nley S

Std. Dev. = 0.0224

-0.2000 -0.5000

1.2000

Subtracting images lets us estimate

o S ’ noise in the region that we are
G'M analyzing.
0:4.:.:.:. 1 0.0224 = 0.0158

— 0. = 0.
o V2 ~4% error
LIXE edwteadee Bt
22000 0.0146 + 0.0156

> = (0.0151

STANDARD IMAGING@/t’ Assumption: The “images” are the same, the noise is different.



PIPSpro - Noise

=l

QC-3
Region Bar resolution Ip/mm Bar thickness mm

1 0.76 * 15 mm lead

2 045 * 15 mm lead

3 0.25 15 mm lead

4 0.20 * 15 mm lead

= == o mrtenad

6 15 mm PVC

7 15 mm Aluminum
8 5 mm lead

9 7.5 mm lead

10 7.5 mm lead

11 15 mm lead

1

Ope T Op7 T Opg + Opg + Op10 1 Oa11

Ooverall = \/— *

2
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PIPSpro - Contrast to Noise Ratio

|.ulight — .Udarkl

CNR =
Odark

Uiigne Mean of the pixel values in the
“lightest” region of an image

Uaark Mean of the pixel values in the

“darkest” region of an image

Oqark Standard deviation of the pixel

values in the “darkest” region of
an image
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QC-3
Region Bar resolution Ip/mm Bar thickness mm
1 0.76 * 15 mm lead
2 0.45 * 15 mm lead
3 0.25 * 15 mm lead
4 0.20 * 15 mm lead
[= N 40 " 15 Baba-laa
I] 6 15 mm PVC
T o THITTT HILL
8 5 mm lead
9 7.5 mm lead
11 15 mm lead
CNR lt11 — Hel
011




Frequency Response ~
A Spatial Resolution

Modulation Transfer Function (MTF)

e The MTF shows the frequency
response of the imaging -
system. 30

* Higher frequencies are required

Thin Screen
for greater resolution. \

e Thicker screens have better
absorption properties but
exhibit poorer spatial 20 |“ ——
resolution (lower dose,

increased scatter). 0 e
 Film (by itself) has far better Spatial Frequency (cycles/mm)

spatial resolution than that of T

intensifying screens. FIGURE 6-8, Bushberg, The Essential

Physics of Medical Imaging, 2" Ed.
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Amplitude

What I learned to pass my boards.

Dirac Delta
Function

Distance

“The MTF is the magnitude of the
Fourier transform of the point or line
spread function— the response of an
imaging system to an infinitesimally
small point or line of light.”
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PIPSpro — MTF

Where is my delta function?

CTP 528 — High Resolution Module
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SWMTF — Key Concepts

* Inimaging, for square wave M(f)
rn ial fr n =
patterns, as spatial frequency RMTF(f) M (F,)- Lorgest Bars
increases, variance decreases. 1
e The change in variance is 5 5 5
proportional to the change in M=(f) = on(f) — o= (f)
frequency response. Total Variance
. ] Variance from Noise
e The SWMTEF is less susceptible
to noise than Fourier o @ @
transform-based methods. 2 7K
. 7
 Provides a “Relative” MTF.
// g
@ 7 /// /,] 7
s " 5 ° 4

1/
STANDARDIMAGING. ,

Original Phantom



503, 504, 600

CTP 528 — High Resolution Module

Spatial Resolution

F3a0  [lpmom]
0638

Fa0  [lpmim]

FRO [IpArmimm]
0,559 |

0.493 |

RMTF Curve

b odulat ion

a — T T 1 | I —
0 0.z 04 0E ne
Frequency

RMTF(f) = ::gl )) * 100%

1
Largest Bars For square wave patterns, as spatial
frequency increases, variance decreases.

4
STANDARDIMAGING. 3



Sigma ~ 0O

The change in variance ) I

is proportional to the /\\
frequency response. | [
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Frequency response can be simulated by
convolution of a Gaussian with “line pairs”.
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503, 504, 600

CTP 404 — Hounstield Number Constancy

HU Constancy

D I aterial Meazured [HU] | Expected [HU)
1 Air -93E.845 -1000.000
2 PP -188.436 -200.000

3 LDPE -97 652 -100.000

4 Falystyrene -2 1596 -35.000

5 Air -935.640 -1000.000
E Aciyhic 121.564 120,000

7 Delrin 359.056 340,000

a8 Teflon 989,808 930.000

Measured vs Expeded

1000 - [=]
= A00 -
] - o 2
B 0= .2
% i 5
= 500 =

S1000 = g

T T T T
1000 1] 1000

Expected CT #

‘ 0 M eazured D Perfect [measued = expected]
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mall vial for HzO

23° ramps

50mm spaced
air and Teflon
rods

HU Constancy

Measured vs Expeded Sensitometry
samples
1000 < w]
= 500 - g
5 - o
T 0- =
LA Pt .
= 500
1000 < ? i i " 10, 8,_ 6, 4, 2mm
1000 0 1000 acrylic spheres

Evpected CT #

O Meazured D Perfect [meazued = expected)

Material Formul Est.2 CT # (+/- 5%

The “Expected” values may P e e CHEGER)
differ for your CBCT imager. PMP [CeH12(CH2)] -200
LDPE [CoHl -100
Water [Ha20] 0
) . Polysty [CgHzg] 35
e Need for calibration AE:;;;”‘ e [chgog] 120
<. . Delrin® Proprietary 340
 Imager limitations Teflon® [CFo] 950

Baselining functions in PIPSpro.

P4
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CTP 515 - Low Contrast Module

0z ns 1.0
2 mm

3 mm
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Appearance Fill Calor

O = Undetected O =MNo Baseline O ="Warm
@ = Expected O = Accephable O = Errar

These are normal results for CBCT low contrast
detectability. 0.3% and 0.5% contrast may be

' . / . /
STANDARDIMAGING ’ detected with fan beam CT’s (or maybe higher MU'’s).



Low Contrast Detectability

7 Ut t—HBack d Supra-Slice
Detectabilityr,p = s e >4 Y0.3%
OBackground O O O DDD
ope . . 3mm °
» Detectability occurs (is defined) O Le§ﬂj® O
u . < - ' S
when the “contrast to noise ratio” is | \\ N \

S Subslice

greater than or equal to 4
(psychophysical basis).

e Subslice targets are ignored by
PIPSpro.

O

o O su pra—FSIiu:E
0.5%

Subslice Supra-slice
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Imaging Pointers

e Use imaging protocols similar to what you would use
clinically.

e If you want to trend your QA metrics, always use the same
imaging protocols, including fields of view.

 Smaller fields of view yield better results because pixel
density per area increases with decreased field of view.

 Be sure to set up your phantoms correctly and accurately.
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Scaling (Planar Only)- FC-2 Phantom

15cm x 15 cm
10cm x 10 cm

The MLC phantom or FC-2 phantom can
be used for this purpose as can any
other phantom that has fiducials set at a
known distance from one another.
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