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Realistic three-dimensional virtual nodule based on spatial resolution in lung
computed tomography
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To evaluate the performance of computer-aided detection (CAD) of lung cancer

CT screening, we proposed a new method for generating computer-simulated nodule images ‘ virtual
nodules’ . The performance of a CAD system is affected by CT scanning and image reconstruction
conditions. Therefore, CAD performance should be evaluated by image data obtailned under the same CT
conditions as those used at each site providing CT screening. The virtual nodules were generated
based on the spatial resolution of a CT system used in an institution providing cancer screening and
were fused into lung images obtained at that institution, allowing site-specific virtual nodules
with a realistic appearance. In phantom experiments using laboratory-made physical nodules, the
virtual nodules were confirmed to agree well with CT images obtained by scanning the phantom
nodules. Virtual nodules can be an effective means of evaluating site-specific CAD performance.

X CT MTF PSF SSP
CAD



CT
CT
computer aided diagnosis CAD
artificial intelligence Al
CAD CT
CAD
CAD CAD
CT
“ Virtual Nodule” Virtual Nodule
CT
CAD
CAD
Virtual Nodule
filtered back projection FBP CT FBP
iterative reconstruction IR CT IR
FBP
IR
FBP Virtual
Nodule CT
Virtual Nodule
Virtual Nodule Virtual Nodule IR
IR
IR circular edge
Circular Edge
1 Virtual Nodule
CT CT “ Scannery”
Lxy2) (1)
h(x,y,2=[O(x,y,2**PSF1(x,))]*SSP1(2) Q)
o(x.y,2) object function PSFi(x,)) SSPi(2) Scanner:  point
spread function PSF slice sensitivity profile SSP  ** * 2 1
1) (2)
O(x.y,2)=FYF[ h(x.y,2)J/F[PSF1(x,))]/F[SSP1(21} (2)
F F1 Scanner:
h(x.y,2) (2) o(x.y,2)
CT “ Scannerz” Scannerz PSF2(x,y)
SSP2(2) (2) o(x,y,2) h(x.y,2)
3)

L(x.y,2)=[O(x,y,2)**PSF2(x,))]*SSP2(2)

h(x,y,2)  Scanner:
Virtual Nodule

2
CT “ Scanner A” 4 CT Asteion
“ Scanner B” 320 CT Aquilion One
“ Scanner C” 384 CT SOMATOM Force Siemens Healthcare Germany
3 FC52 ScannerA FC14 ScannerB Bf44d Scanner
C CT 1 mm Case 1 Case 2 Case 3 Case 4 Case 5
CT PSF SSP ;i' a . e
3  Virtual Nodule ~////// /l/l///ﬂ”llmqml,ml]m wwi‘y‘,\m:mtn:t:z.:....‘:‘.
5 Case1-5 o0 1 2 3 4
1

1 CT



-800 -600HU 2
Virtual Nodule

4 IR circular edge
circular edge MTF
CT Ingenuity Elite Philips Netherland Catphan 600 The
Phantom Laboratory Salem NY iterative model
reconstruction IMR Body SharpPlus 200 li i=1~200
li 200 I mean circular edge MTF
MTF
object function @] IR
object function O; effective object function Oi
1i 2 O; 200 mean effective object
function Omean Onmean Oi o
Omean=0*D (4)
* D D Omean (4)
Imean:F‘l{F[O] F[D] MTF} (5)
(5) circular edge MTF’
MTF =]|F[D]] MTF (6)
MTF’ MTF D IFIDII
MTF MTFcorrected
MTFcorrectea=MTF’ I F[D] I (7)
@) MTF
Icalc:F'l{F[ ;nean] MTF} (8)
(8) MTF MTF MT Feorrected Icarc Icalc
Imean MTF
MTF Icalc Imean
1 Virtual Nodule
Scanner A Case 1 Scanner C Virtual Nodule
2 Virtual Nodule 2b Scanner C
CT

root mean-squared error
RMSE 8.2HU Case2-5 RMSE 6.9 8.6 8.1 6.2HU

Virtual Nodule

-600

-800-

Axial

CT value (HU)

*

Axial

-1000F

x-position (mm)

= =)
=) = £
) = 5
A = 3 800
v > F
5
‘ 1000}

(a) (b) (c) (d)
-10 -5 0 5 10
(e) =-position (mm)
2 Virtual Nodule Case 1 a Scanner A
b Scanner C Virtual Nodule ¢ Scanner
C d b c e a b c

CT



Virtual Nodule

Virtual Nodule

Virtual Nodule

CAD CAD
CAD
CAD
2 circular edge
circular edge MTF’ MT Fcorrected
3 MTFcorrected MTF’ I F[D] I
@) MTF
D circular edge MTF
Imean MTF’ I calc 4a b
4C RMSE 87 HU MTFcorrected
Icaic 4d Imean 4e
RMSE 4.0HU MTF
MTF
1.5 MTFcorrected
; 1
c
épal?ai- fr;q.:uerlw‘:y (é;cles‘/mm) 4 Imean b MTF'
3 circular edgej I calc C b a d  MTFcorrected
MTF I calc e d a
Virtual Nodule IR MTF
circular edge
circular edge MTF
circular edge
Virtual Nodule CT

FBP
circular edge

Virtual Nodule IR



5 5 0 4

Narita Akihiro Ohkubo Masaki Murao Kohei Matsumoto Toru Wada Shinichi 44
Generation of realistic virtual nodules based on three-dimensional spatial resolution in lung 2017
computed tomography: A pilot phantom study
Medical Physics 5303 5313
DOl
10.1002/mp.12503
Narita Akihiro Ohkubo Masaki 21
A pitfall of using the circular- edge technique with image averaging for spatial resolution 2020
measurement in iteratively reconstructed CT images
Journal of Applied Clinical Medical Physics 144 151
DOl
10.1002/acm2.12821
39
CT 3D-PSF CT-CAD QA @) cT 3D-PSF PSF 2019
42 49
DOl
10.11323/jjmp.39.2_42
39
CT 3D-PSF CT-CAD QA (3) 3D-PSF 1. CT 2019
61 67
DOl

10.11323/jjmp.39.3 61




39

CT 3D-PSF CT-CAD QA (4) 3D-PSF 2. virtual nodule CT-CAD QA 2019

77 85

DOl
10.11323/jjmp.39.4_77

9 0 0

Harashima Shingo Ohkubo Masaki Narita Akihiro

Determination of slice sensitivity profile for iterative reconstruction CT using low-contrast phantom

115

2018

Sakai Kenichi Ohkubo Masaki Narita Akihiro

Determination of point spread function accompanied with verification in iterative reconstruction computed tomography

117

2019

Mugishima Daisuke Narita Akihiro Ohkubo Masaki

Computational simulation of metal artifact generation in CT image: A pilot phantom study

117

2019




CT SSP

25 CT

2018

CAD-quality assurance Site-specific
25 CT

2018

Virtual nodule CT-CAD nodule 3 CAD
25 CT

2018

Ishizaka Natsuki Narita Akihiro Ohkubo Masaki

A feasible approach to correct MTF measured by the circular-edge method with image averaging in iterative reconstruction CT

119

2020




Mugishima Daisuke Narita Akihiro Ohkubo Masaki

A simple method for generating metal artifacts on CT image using forward projection

119

2020

Okamoto Kazuki Narita Akihiro Ohkubo Masaki

A method for evaluating the detrending technique in noise power spectrum measurements with a simplified CT image simulation

119

2020

http://wwwl.clg.niigata-u.ac.jp/kenkyuka/kenkyu-shokai/#2

(Narita Akihiro)

(10770208) (13101)




(Wada Shinichi)

(80105519)

(13101)

2018 4 24




