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Change of Image Quality within Compression of AAPM CT Performance
Phantom Image Using JPEG2000 in PACS
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Abstract

This study examines image quality of medical image after compression using JPEG2000 for AAPM CT
Performance Phantom in PACS. The compressed images of 15:1 showed change of 1.93% and 0.81% in the CT
number of water and the slice thickness, respectively, compared to the original images. The variation of the
uniformity did not give a correlation for each measured area. In noise measurements at compressions of 10:1
and 15:1, changes of 1.47% to 10.99% were observed, respectively. The noise showed incremation tendency
as increasing over the compression ratio 15:1, and the noise of 81.68% was measured at a compression of
40:1. CT number, uniformity, slice thickness, spatial resolution and contrast resolution for the compressed
images were slightly changed by increasing the compression ratio. However, the noise was seriously changed
relatively at the compressed images. Thus the noise was a important factor to determine the compression
ration. A compression ratio of 10:1 for the AAPM CT Performance Phantom image was appropriate and could
be applied to diagnostic images.
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Table 1. Annual medical equipment

-2 2005 2007 2008 2009 2010 2011

cT 1,857 | 1,79 | 1,788 | 1,810 | 1,743 | 1,787
WRI 584 Y 855 924 985 1,062
PACS 421 79 938 1,027 | 1,157 | 1,287
Source : National Health Insurance Corporation

(Medical Equipment Medical Institute (2011 earlier))
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Fig. 1. Used CT equipment in this experiment(@ and AAPM
CT performance phantom
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Fig. 2. Measurement of CT number, noise, and uniformity for
various images

Table 2. Measured CT number according to compression ratio

Compregsmn CT Number Compregsmn CT Number

Ratio Ratio
Original =14 4140 081 25:1 -3.2240.042

|mage
5:1 -3.1240.063 30:1 -3.210
10:1 -3.1640.051 40:1 -3.07+0.048
15:1 -3.18+0.048 50:1 -2.740
20:1 -3.2140.031 p 0.0001*

Interaction effect using ANOVA test and Dunnett test
* p<0.01

&g W 2o T A5 24 AI= Table 29}
Zom 9 Y (Original Image) SHAE 7|To2 g
S u) EE 251004 PF e F 50104 A =
& ge U HEE o1 Asele] 4w B4
A= Table 33 207 Pearson AlTEt0] 045705
ugton Ao o 04579 BAZF e A

o vepgrl

Table 3. Correlation analysis between compression ratio and CT

number
Kinds Compre§3|on CT Number
Ratio
Compression Pearson cc‘)rr'elat jon i 0.457
Ratio coefficient
P 0.0001*
Pearson correlation
CT Number coefficient 0.457
P 0.0001

Interaction effect using Pearson correlation coefficient test
* P<0.05

AAA A Fde] CT
A Bt akg) 2ol

1, 10:1, 15:1, 20:1, 25:1,
30:0004 o] ghe UEblaL GSE 404, 500004
o WE Cr A H3ks
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Table 4. The average difference in CT number according to
compression ratio

A=E HoxH(1-J) HELX St (1%))
51 0.01 0.02236 0.32
10:1 0.05 0.01915 1.61
15:1 0.06 0.01826 1.93
20:1 0.10000% 0.01414 3.2
25:1 0.11000% 0.01667 3.5
30:1 0.09000% 0.01 2.89
40:1 -0.04 0.01826 1.29
50:1 -0.41000+ 0.01 13.18
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Fig. 3. The ratio of change in CT number according to
compression ratio
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Table 5. Measured noise according to compression ratio

Table 6. Correlation analysis between compression ratio and noise

Compress ion Noise Compregs ion Noise

Ratio Ratio
Original | 5 450,051 25:1 3.6640.051

|mage
5:1 5.49+0.056 30:1 2.04+0.069
10:1 5.38+0.042 40:1 1.00+0.047
15:1 4.86+0.069 50:1 1.15+0.052
20:1 4.12+0.042 p 0.0001*

Interaction effect using ANOVA test and Ounnett test
* P<0.01

Kinds Compre§s on Noise
ratio
Pearson correlation
Compression coefficient 1 0%
ratio
P 0.0001*
Pearsonfi(?rfelztat jon 0.955
Noise coefficien
P 0.0001

Interaction effect using Pearson correlation coefficient test

AREEALS S8 Tk Al SlojA] A 4] w
olz FIM I UF Y wol= FHEK() #hol=
Table 73} 2o 4=E s10ME 9 S el
A3 98 FEFEAAE FY s UEHth 45E
of wWg wol= WIS Fig 49 oW 51004
0.55%%2 7FF 22 wWaes YgWal 401904

Adx =4 A= Table 83 20
S uw A-B, AC,

[e}
DAt B 25104 7 2 gk 50144 T &

Table 7. The average difference in noise according to
compression ratio

UEE BAXH(1-J) 2=t ess(1%|)
5:1 -0.030 0.024 0.55
10:1 0.080 0.021 1.47
15:1 0.060 0.027 10.99
20:1 1.3 0.021 24.54
25:1 1.18 0.023 32.97
30:1 3.42 0.027 62.64
40:1 4.46 0.02 81.68
50: 1 4.31 0.023 78.94
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6.00

4.00

0.55%  147% 10.99% 24.54%

Noise

32.97% 62.64% B81.68% T8.94%
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546 549 538 4.86 412 3.66 2.4 Loo L15

0.00

Original ~ 5:1 10:1 15:1 20:1 25:1 30:1 40:1  50:

Compression

Fig. 4. The ratio of change in noise according to
ompression ratio

Table 8. Measured uniformity according to compression ratio

Compression -2
Ratio A8 AC AD
O”g!:‘”ma 0.944£0.05 | 1.%+0.051 | 1.46+0.051
5:1 0.05£0.05 | 1.37£0.067 | 1.4620.069
10:1 0.91£0.05 | 1.34£0.084 | 1.4420.069
151 0.9240.06 | 1.3%4%0.051 | 1.4240.063
2:1 0.91£0.05 | 1.35£0.052 | 1.400.047
25:1 0.87£0.048 | 1.3040.066 | 1.34:0.051
0:1 0.240.042 | 1.3540.082 | 1.41+0.05%
40:1 1.02£0.063 | 1.44+0.084 | 1.4240.042
50:1 1.13£0.048 | 1.66£0.051 | 1.53+0.048
P 000 000 000

Interaction effect using ANOVA test and Dunnett test
* P<0.01

otz g7 FAEo] A BA AT Table 99}
2o Pearson AFFke] A-B, A-CEAIA 0451, 0505
FO R 0451, 05059 WAL e Aoz vhehyt
th A-D#Ol A= Pearson Al1GFke] 0.0122 ATpA o=
°ko 2 0.0129 TAV} Jdv ASE YHERIA T EA
g ow fro)gh Ao|7} yERA] stk

o
(e}
2

Table 9. Correlation analysis between compression ratio and

uniformity
A=E AB AC A-D
Pearson
oz MBI 1 0.451 0.505 0.012
ROUEE (2F) 0.000 0.000 0.912
Pearson
. 1 . .
8 MY A 0.451 0.708 0.451
ROIEE (LX) | 0.000 0.000 0.001
Pearson
0.505 0.708 1 0.425
AC NIy [ES
ROIEE (2F) | 0.000 0.000 0.000
Pearson
0.012 0.451 0.425 1
AD Ny [ES
ROEE (2F) | 0.912 0.000 0.000

* P<0.05

50:101]/\1 =9 %ka— LERH S 301 l A %ﬁ‘rﬂ °i°*
I10:1, 15:1, 20:1, 25:100 4= k<] gHS LERTE AC
Zol A= FEE 51, 40:1, 50:1904 &9 S e
o 101, 15:1, 20:1, 25:1, 30:190 4= 42| gS YER
th A-D #lME AFE 501904 &9 e YER
o 5ol Wa7E I 101, 15:1, 20:1, 25:1, 30:1,
40:1914 = & 3hs et

Table 10. The average difference in uniformity according to
compression ratio

22 A=E EHoxH(1-J) HEQX Hat2((%))
5:1 -0.01 0.023 1.06
10:1 0.03 0.024 3.19
15:1 0.02 0.025 2.12

s 20:1 0.03 0.024 3.19
2511 0.07 0.022 7.45
30:1 0 0.021 0
40:1 -0.08 0.025 8.51
50:1 -0.19 0.022 20.21
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I | LRE | BIX(-) | EESX SISk (1%|)
5:1 -0.01 0.026 0.74
10:1 0.02 0.031 1.47
15:1 0.02 0.023 1.47
ac 20:1 0.01 0.023 0.74
25:1 0.06 0.026 4.44
30:1 0.01 0.023 0.74
40:1 -0.08 0.031 5.9
50: 1 -0.08 0.023 2.2
51 0 0.027 0
10:1 0.02 0.027 1.37
15:1 0.04 0.025 2.74
0 2o:1 0.06 0.022 4.11
25:1 0.12 0.023 8.22
30:1 0.05 0.024 3.42
40:1 0.04 0.021 2.74
50: 1 -0.07 0.022 4.79
AEE W FAE HES Fig 59 (), b),

12.00

10.00

g
=
=

Uniformity

4.00

.00

150

Uniformity

0.50

0.00

1.06% 3.19% 2.12% 3.19% 7450 0%  B8.51% 2021%

094 095 091 092 091 087 092 1.2 113

Original 51 10:1 15:1 20:1 251 301 40 50:1
Compression

(@ A-B

0.74% 1.47% 147% 0.74% 4.44% 0.74% 592% 22.2%

136 159 134 1M 135 130 135 | 144 1.66

Original ~ 5:1 10:1 15:1 20:1 251 301 40:1 50:1
Compression

(a)A-C

2.00

0 [ W

0%  L3T% 2.74% 4.11% 3822% 3.42% 2.74% 4.79%

Uniformity
=
T

050 |
146 146 144 142 140 134 141 142 153

0.00

Original ~ 5:1 10:1 15:1 20:1 251 30:1 40:1 50:1
Compression

(a) A-D

Fig. 5. The ratio of change in uniformity according
to compression ratio

34 2 F 54 23}

©

Fig. 6. Slice thickness measurement for
compressed Images
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£ Table 129} 222 Pearson AlFEE0] - 05472 9k

Table 13. The average difference in slice thickness according

om FoF 05479 #AE dv ALE YERLTE
to compression ratio
Table 11. Measured slice thickness according to compression ratio UEE HoXH1-J) TEQR HatE(1%|)
5:1 -0.02000 0.05098 0.40
Compression Slice Compression Slice 10:1 0.00500 0.05846 0
Ratio Thickness Ratio Thickness 15:1 0.04100 0.06421 0.81
20:1 0.13300 0.09265 2.64
Original ] 25:1 0.20800 0.07091 4.26
Inege 4.9240.13 25:1 4.714£0.18 30:1 0.24600 0.08853 508
40:1 0.22500 0.07240 4.67
541 4.9440.09 30:1 4.67£0.25 50:1 0.31100 0.06488 5.89
10:1 4.9240.13 40:1 4.69+0.19
A5 gl whe AW A WL Fig 73 gov
15:1 4.88+0.15 50:1 4.61+0.16 _
101004 71 22 Wakg-S YERYAL 501004 7
20:1 4.79£0.26 P .000 Z W3S ey
Interaction effect using ANOVA test and Dunnett test o0
* P<0.01
g 400 [
Table 12. Correlation analysis between compression ratio and £ S (e (SIS (Sl Se SO RN SE
= L
slice thickness H -
= L
) Compressio Slice 20
Kinds . A
n ratio Thickness 497 494 492 438 479 471 | 467 469 461
Lo |
Pearson correlation
Compression coefficient 1 0.57 0.00 —
ratiO Original 51 10:1 151 20:1 .25:1 30:1 40:1 50:1
p 0.000 Compression
Pearson correlation Fig. 7. The ratio of change in slice thickness according to
Slice coefficient 0-.547 1 compression ratio
Thickness
P 0.000
4 4 . N 35 W% #ils 34 23
Interaction effect using Pearson correlation coefficient test
*PO.05 CT FAZEH Phantom %3S B58 T Fig. 8 (a)
o} o] CTAIFE SASIh 55 Aldsh] A &
AFEAE FE TE A0 glol 9 gakel 2 LR UCR Fig sb)sh ol PACSSIN St 5
A A AT 4E G 2R T Wk 9T I IS FA @ F 95 2G5
Zpol = Table 133} 2o YEF siloMe 9 g o} Fig. 891 (9), ) (), (HE ¥FE 51, 151, 25:1, 50:1
YebHaL 1 219 10:1, 15:1, 20:1, 25:1, 30:1, 40:1, 50:1 o] & &5 Fdelth

M= el #e vEth
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g 1001004 =
Hol F99m ROC(Receiver- Operator
Characteristic) Analysis ZAZ} 80:19] G7FA] Lesion ¥
HH o] ()riginalog)bh"]' Hlasle]  zpol7l  §lom
Friedman Test A3} 1517k A4 Zcto] 2 3ts}
o} 6]—9}1:]—[3].

Signal to Noise Ratio) =& #

(41.45dB)S
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