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Fig. 1. Image of a QC chest phantom used for the physical and
subjective evaluation. Three representative ROIs were selected
for the evaluation (Lung, Heart, and Diaphragm). There are 25
low contrast objects in each region.
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Phantom image acquisition

v A

Physical evaluation Subjective evaluation

CNR measurement by
image analysis algorithm
i Fuzzy measure
FEV
> Fuzzy integral <

!

Objective and quantitative
evaluation

Fig. 2. The workflow for image evaluation. Chest phantom ima-
ges were acquired for physical and subjective evaluations. In
physical evaluation, CNRs of nine most visible objects in each
chest region were derived from image analysis algorithm. 25
objects in each region were detected and scored by human
observers. These were converted to FEV and Fuzzy measure for
application to fuzzy integration. Finally, fuzzy integration of
physical and subjective properties was performed for objective
and quantitative evaluation.
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Fig. 3. Low-contrast objects in the lung region. The low-contrast
objects in each column have the same low contrast level, and
those in each row have the same size. The foreground template
is composed of the boundary of the nine most visible objects.
The foreground template is superimposed on the input image
with the low-contrast objects by translation, rotation, and
scaling.

- 203 -



PAVSES: 9| 30! J__Hxlx-l_i_% Ol%él— gAI—%XIgl HEl»XiOl_D Nk _\_J.ﬂj|.:

re

[=K=] full =

ole]} H YT AYANRE
backgroundell dj@est= e Al FE2 FF HE o
&2l 394 qollA 9] A = A9 CNRe Al4tsl7] 213
AH-8-= et

3) CNR &&: CNRS #H7lsl7] 913l Fig. 4014 A= 7+
Aol sl 1709] foreground 33} F$]2] 4719] back-
ground o] A %} Background d-2 11241
A4S 712 Yol 55 3}3iv). A A foreground= HA &
A Bk ofYdARE B oA Ao S m|X A=
.58 AE H&3 s17] S8l foreground 2| Zo 2 H
Bl 18 A(pixel) Holzl fod] HAlFo] ALt XX
+ foreground®} background®] 7 A Zke] Zol & A4
Fo gy 5 Hdr} ol=E 5719 dHdllA HA Zk
9 AT EFAXRE A =AUk CNRE oh59] 40l
ol Ao =t

olo}
EPS

‘EFG _EBG‘ (1)
NV +Vs6) /12

037X Erc®} Epee foreground®} background 39 3+
A grEolH, Vet Viee ©lE oA e 24 ghEel
th e 74 Ao x (o Hl, xx AR, xn FRellA 9
Mol EAE] CNRY Wigks A8 el 7he 9
& £M=EPE HA 7| NZE(FEV: Fuzzy Expected Value)7ll
Jo| ALHE? o] A& FolR A Aol A}
T AR dEhs veble AoZ, F2hgkelu H 3k

CNR =

Fig. 4. One foreground (FG) region and four background (BG1,
BG2, BG3, BG4) regions of the sampling template. FG is within
a low-contrast object. The background region was selected to be
a circle with a radius equal to 11 pixels.
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Table 1. CRS and FEV in lung, heart, and diaphragm regions
from four systems.

(@) CRS and FEV in lung region.

Object  System-A System-B System-C  System-D
1 2.467 1.160 1.424 1.578
2 3.789 2.363 2.332 2.847
3 5.320 3.596 3.454 4191
4 1.843 1.409 1.533 1.349
5 3.625 2.340 2.258 2711
6 5.544 3.665 3.374 4.355
7 1.436 1.244 1.350 1.089
8 3.551 2.158 2.457 2381
9 5.304 3.577 3.507 4.205
FEV 0.708 0.257 0.462 0.487

(b) CRS and FEV in heart region.

Object  System-A System-B System-C  System-D
1 1.971 1133 1.638 1.891
2 2.762 2.008 2271 2.823
3 4549 2.905 3.403 3.996
4 1.868 1.272 1.531 1.815
5 3.162 2113 2.345 2.577
6 5.148 3.084 3415 4317
7 2.220 1.146 1.531 1.784
8 2.855 1.663 2512 2.670
9 4.690 2.950 3.400 4.398
FEV 0.538 0.220 0.373 0.487

(c) CRS and FEV in diaphragm region.

Object  System-A System-B System-C System-D
1 2524 1.588 2110 2.998
2 4.169 2.541 3.255 5.389
3 6.670 3.653 4771 6.224
4 2.899 1.695 2214 3311
5 4113 2497 3.232 4.080
6 6.827 3.608 4.671 6.862
7 3.041 1.459 2.280 3.015
8 4.019 2538 3171 4142
9 6.571 3.629 4.693 6.758
FEV 0.739 0.490 0.637 0.743
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Table 2. Subjective averaged scores in lung, heart, and
diaphragm regions from four systems.

System/Region Lung Heart Diaphragm
System-A 12.325 2.665 16.325
System-B 11.65 14 15.325
System-C 14.65 14.325 19
System-D 13 16.325 19.325
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Table 3. Values of g., xi-Lung, x2-Heart, xs-Diaphragm.
Subjective image quality evaluation of the four different
imaging systems. X1, X2, and xs are the normalized subjective
evaluations of the low-contrast detectability on the three
regions {Lung, Heart, Diaphragm}. A was calculated using
Eq. 3 to construct the Sugeno measure.

Subset System-A System-B System-C  System-D
0 0 0 0
{x1} 0.493330 0.466660 0.520000 0.586666
{x2} 0.533330 0.560000 0.653333 0.573333
{x3} 0.653330 0.613333 0.773333 0.760000
A —0.866296  —0.847474 —0.948693 —0.941352
{x1,x2} 0.798734 0.805193 0.851030 0.843371
{x1,x3} 0.867449 0.837434 0.911832 0.926949
{x2,x3} 0.884811 0.882254 0.947344 0.923155
{x1,x2,x3} 1 1 1 1
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Objective and Quantitative Evaluation of Image Quality Using Fuzzy
Integral: Phantom Study

Sung-Hyun Kim, Tae-Suk Suh, Bo-Young Choe, Hyoung-Koo Lee

Department of Biomedical Engineering, College of Medicine, The Catholic University of Korea, Seoul, Korea

Physical evaluations provide the basis for an objective and quantitative analysis of the image quality. Nonetheless,
there are limitations in using physical evaluations to judge the utility of the image quality if the observer’'s
subjectivity plays a key role despite its imprecise and variable nature. This study proposes a new method for
objective and quantitative evaluation of image quality to compensate for the demerits of both physical and
subjective image quality and combine the merits of them. The images of chest phantom were acquired from
four digital radiography systems on clinic sites. The physical image quality was derived from an image analysis
algorithm in terms of the contrast-to—noise ratio (CNR) of the low—contrast objects in three regions (lung, heart,
and diaphragm) of a digital chest phantom radiograph. For image analysis, various image processing techniques
were used such as segmentation, and registration, etc. The subjective image quality was assessed by the ability
of the human observer to detect low—contrast objects. Fuzzy integral was used to integrate them. The findings
of this study showed that the physical evaluation did not agree with the subjective evaluation. The system with
the better performance in physical measurement showed the worse result in subjective evaluation compared to
the other system. The proposed protocol is an integral evaluation method of image quality, which includes the
properties of both physical and subjective measurement. It may be used as a useful tool in image evaluation

of various modalities.
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