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Use of Compressed Images for Medical Checkups:
Comparison between radiologists’ subjective
quality assessment and diagnostic usefulness

Naoki Sugiyama', Yoshiaki Igarashi?
Ehiichi Kohda®, Atsushi Kohno?,
Sohtaro Suzuki®, Takao Tanaka®,

Shikibu Chiyasu®, and Toshiaki Yokokura”

With the increasing demand on picture archiving and com-
munication systems (PACS)to handle larger numbers of
images, much research has been conducted on the utilization
of lossy compression for efficient communication and storage
in PACS systems. The receiver operating characteristics
(ROC) method is commonly used to determine the appro-
priate compression ratio of lossy images. However, conducting
an ROC experiment is impractical at actual medical facilities
because it is difficult to prepare and interpret images with
different compression ratios for each modality, body part,
and acquisition method. On the other hand, experienced
radiologists have the ability to subjectively assess the level
of image quality required for interpretation and quantitative
analysis. Therefore, by simply viewing images, they are able
to determine the appropriate criteria for image quality and
derive a practical compression ratio for each application. The
present study focused on lossy compression as employed in
teleradiology systems for medical checkups. Experiments
comparing radiologists’ subjective assessment of compressed
images against the diagnostic results obtained using these
images were conducted in order to investigate appropriate
compression ratios and efficient methods for determining them.
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Table 1 Image details
. : Image Bits Bits
Modali Manufacturer Equipment name
Y e Columns Rows  Size(MBEyte) allocated stored
CR Kodak CORPORATION CR400 2048 2500 9.77 16 i2
TOSHIBA MEDICAL SYSTEMS ) y <
DR CORPORATION Winscope 1000 1024 1024 2.00 16 12
TOSHIBA MEDICAL SYSTEMS : ! y
US  ~ORPORATION Aplio 537 716 0.73 24 8x3 (RGB)
ES OLYMPUS CORPORATION EVIS LUCERA 260 480 640 0.59 24 8x3 (RGB)
TOSHIBA MEDICAL SYSTEMS . . g i
CT CORPORATION Asteion Multi 512 512 0.50 16 16
TOSHIBA MEDICAL SYSTEMS i . . .
MR CORPORATION Visart 352~512 352~512 0.24~0.50 16 16

16-bit images were changed to 12-bit before compression.

Wi, W ik Ft H A9 A b 7o) 7 AR 4 4
LUENH L. WKL BWRECHRILEE & OBRET EBINIZET
fifis % FBt & L TROC (Receiver Operating Characteristics)
fRtThia B 0%, #ALEE, &MERZREC, SHICb 2T
T|RE L-EGZEN T LTERMESEERL, HR%E
T % L IIREE R TEA 2D, MO THEETH 5.
=7, ToREREEA, £ OmEE G LI EM, B
LU H 4% { D&% Hs L T\ 5 BRHR IZH:E L 7 i
BEORBIZOWTEREMIZZ L — F 221352 LI
Thb. ZOFRERNB X OB (8 5EMhE) o
fifi (FN4L3FAM) & ROCHEITHERATE D X 5 1HIET % H % 3
EYHI LITL Dy, BRIEMRE(FERHICREE GEERED
Hi{%) & FEDOBWRERPHRILGEL H T HRA L % 2 EFHR)
RHEETEDAREMD D 5.
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B A D TV B9 B ENREF 12 & 5 ¥ 5%E L ROCHR
WOMREREST S, T4, EEISHT 2SR &
D, B, EEAEHIIE U7 IR0 W 0O BRI AE
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a) L FIXARE % (CRIES, DREEE - 1)

b)CT, MR, US (Ultrasound), ES (Endoscope)
ThHb.

a)lZ oWV T, R OWE COMNSEENE BE0GE%
H%E L ZROCHT DM /5 24TV, H#T 5. b)IiZ2onwTid
BRI WT DO TENR G & 53R DRk DROCHIEHT D R
T 5.

EEIE, MIGHEMSAREEYLY ¥ —ICTEBL.
72, EBRIZIZFEY Y & —FiEOLT O EEE - T
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L7-HjfgafEM L7, CR: 2% v 7 (#)%.CR400, DR .
WEAT 4 ANV AT LXH) (BF, TMSC) #Winscope™
1000, CT : TMSC#!Asteion™ Multi, MR : TMSCH!
Visart™(1.5T), US : TMSC#Aplio™, ES : #1 /3R
(#k) BLEVIS LUCERA 260. Table 1 (Z#i 258 & Wi{gH 4
LEDIFRE R

AREBRTHEHTAEMEL D D720, FHERSE L
T, CR, DR, CT, MR, ES, USO#&MEHRE Tz s hi-
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5 BRERH (5 5 0 U Ral, 4 5 SRR, 38 B
WEE, 2 5 BOCHEE, 18 SWEAT) 2T 1 R/
KEICH LT 28~ 4 A CiMliZER_ L7z, EMICIE,
DICOMIZ DR &N, FEMMHERHOHFTE o & & —fRAIC
K L T AIPEG (Joint photographic experts group) k%
MDCT (discrete cosine transform) FEffi 2@ H L7, Ak
% BTt — 7 IVIZISO/IEC 10918-1, ITU-T T.81 12T
WEBGHD T -7 Ve LTEZESNF— 5 2EH L
2. SOFEEHCEE, EHEAEENHT A LI
TEY, HHTLIETFILT— TNV RET H/85 A —F¥QF
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Abdomen ! 50), MR 150f#7F (Head : 50, L-spine : 50,
Geniculum : 50), ES 507 (Upper GI), US 5047
(Abdomen)].

TESR, AREBROEGBEITIE, TMSCHRUE H %8l
2251 (TWS-3300, 3100) % fiv:7z. HEOW{ZIITWS-
3300 (£ == # 13 (Bk) DOMEH B BLCD, A 5L i - A
Z528mm (211 »F), WFHEE : 1536 x 2048, LML
450cd/m?|ZFREE) & RV, HiE D 5 DO W IIEF O L
T, E=F O AT THIZ SIS 5 X 912,
FORTHE 2 1024 P53 256 BT % fH ] L% L7, CRIES:
TIXEREESAET B MR L, LEIZELTH
K, Aza—)% LCHE L. DRE(EIE 1 WEIHE2 o
2 I TRRLA. CT, MRE{ZIE 1 Wi IZHE 3
<, #3 a3~ THRRLE. US, ESHEIZH T —DEETH
D, TWS-3100(E€ =% & (#k) 7 F A+ Bt M o A <
459mm (18.14 > F), # 7 —LCDWHEH : 1280 x 1024,

TR 17410258

ok b7 & 361

FHERE 1L 180cd/m2 |2 A %E, RGB24bitb i) |2 THIZEL 7-.
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FARFEER T L 72 mifg o KR IERE, Ko 3
QF L LM OBR % Fig. 1 2R T, HEMFIZIPEGHEMEHZD
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K=COL LTKkD:. ZOEDF—#IZIIDICOMD LF
T—FEIIEATVRY, TXRTOEBIZBWTHEERE
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5. 7z, QFITHT .,J!Iﬁ?i % (%) DR E — A TIEPL
7235 A O X 1XCTHIER0.08 (%/QF), CTHEH#0.17(%/QF),
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DT HE & I STV B AY, QF40 (/N3.4%, FHys5.2
%, H&K8.9%) TIZHS0% I HETH D LHEINT
Wb, F7z, QF20(/2.6%, FH43.8%, HK6.1%) Tld
TRTOMEN T, TEHEATEHR S TY
5. CTHEETIZ, QF20(i%/M.0%, F¥7.2%, HK20.7
%) THHI95% DWHEHFAZTRETH 5. —F, MRTIEER
FLABEDFHIAS R K & L d™ 7% £, QF20(Heh7.6%, F
$#19.4%, wK13.0%) F ‘C#;t‘é‘mf@l%’i?b‘ FeRs T HE & o bk
ENTWAE, 2FH, MRTIZEMEDER|Z X » THHERO
EEMATRZ & DS, CTTIREMIEI TR O Elias 5 4
A Edbds. Tz, MREZOMEE% QF1 (5/182.8 %,
FH3.4%, FeR4.3%) THEMG L7254, 95% I35 RET
b AN, CTHHEHEIIQFI (F/h1.4%, F11.8%, k2.2
%) T3 XC, DREEQFI (R/M.7%, F#2.0%, k2.4
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QFfi (FEAME=E) 9\ 2 &S-aFAmER My (i) |23 % A S5 (4
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(%)
30.0
+ CR Chest 0.993
250 ™ DR Upper GI  0.995
4 DR Enema 0.993 ¢
x ES Upper Gl 0.995 Pt
x US Abdomen  0.996 e
20,0 || ® CT Head 0.995 - 2
+ CT Abdomen  0.994 o
- MR Head 0.982 8 _--T
o MR L-spine 0.9%4 P P s
150 | ¢ MR Geniculum 0.995 - - ’/-_

Compression rate

10.0

5.0

- /:(4.-/ L P
- - /:.x‘ == i -y
- T - =
- fﬁ”',/'”{_.—“", -
T A R
[ .- -
= R e
A _—
.= _—
[[ ]
L I 1 1
40 50 60 70 80
QF value

Fig. 1 QF value & compression rate.

QF value vs compression rate for every modality. The linear approximation straight line and

correlation coefficient are indicated.

BELL L ENSR AT 22 Bt D o 72, CREI{EDE &
EQF1(1/1h0.7%, F90.8%, #:K0.9%) Dili{E%Fig. 3 |2
AT, —7J, CT(FEER) TIXQF50 (l&/h5.6%, F#6.6%,
BK8.1%), CT(MIER) TIZQF20 (H/h4.2%, FH7.6%,
wHK9.3%), CT(HHEER) CTIXQF30(k/hs5.2%, F6.1%,
R6.8%) 12 Titas Wl Td 5 & HIMWE X N5 EifEIAH20~
30% MR TV A, CTTIXFIHER & MR BRI R
JEMEERHR S AIERDTE 5N/, CR, DRIEZEDOROCHEST
#RZFig. 4 IR Y. CREEDHTHRTIX, Azfi(ROC
AL OTERE) 2SEE S © 0.839 & QF1 (Firak) FEAT ¥ FE#E
0.843TH Y, KELEWIZAR, QF 1 DzREDFERIIP=
0.052(>0.05) THEEIZFO 5Nh i\, DRIEDAZEIZL,
% 0.720 &£ QF5 (]/12.1%, F2.5%, ®&A3.3%)IE
ARG D 0.692TCH A, CRIAEE, K& HZERITILVAHQFS
(B/11.3%, F91.5%, BK1.7%) Dz2HREDRERIEP =
0.041(<0.05) Thh, FEEIFEDOLND, AEDTFHIZ
ZNEZNCRIRE | 0.855 L DRIET : 0.712TH ), DREKE
DAZEDE .

HEEHORE (T » ¥ AIEKR) LBEEE oA (E
ROBNEE D S B WIEIZFRR) 2 B L 7285 R % Fig. 5 12
RY . #FEFEHOREDAZED B NMEMIZH 555, FIRE
P =0.42(>0.05) DR T, FEEIIR L, BEOFER
RICIHBEBIRON o7

REBROBING OREBREEIITable 3 D LB Y, HoI08E
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Table 2 Preparatory test results

Modality Location Limit of Limit.of
QF value  compression rate
CR Chest 1 1/100
R T w e
ES Upper Gl 20 1/25
us Abdomen 20 1/20
oT Head 60 1/8
Abdomen 20 1/20
Head 1 1/25
MR L-spine 1 1/25
Geniculum 1 1/25

The limit of the compression rate searched for in the preparatory.

BREZMAZEEFHEE CTH 5.

z

£

W& IEROEFLIZET 250 EY TIECT, MR, X
WEZZHTIC BT, CRTE=Z V2L B 7 4 L ADFRIL
WRETH Y, JPEGHEMMEMIZT1/10F TOEME, BE
EELIAEBAEHEEATYD, 12750, HHE, #rm
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0 1 1 ) 1 ] 0 S | J_.Ll 0 N I— 1 I,
100 Fav.3.99 —m 100 rav.4.07 ———— 100 Fav.4.09 ——mm—
Original 50 I Original 50 Criginal 50 I
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e L= = T - . \'@ I~ T . Y 2 o B N2 A
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<\Qo \5(\9 d @ . \&Q‘ \s‘\\f’ 'QP < § & oq’ Qo @
CT Head CT Chest CT Abdomen
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Fig. 2 Results of impression test. A
Results of the main impression test. The average result value is shown. —_—
A: No. 1 B
B: No. 2
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Original image

Fig. 3 CR chest image.
Example of JPEG compression image.

JPEG lossy image (QF1351%)

CR Chest
| —_—r e |
tttttt = _|
"I":-_--'-—:—-,-,—-_-_:s-_—_*-_-:-“‘-'ﬁa-w"
/‘“;“‘,ﬁ‘-“"
7 %
/4
0 13 - 2 /
0.6 A
£ 4
&
[+
& 0.4
- -+ -QF1
—-#--QF5
. ---4--- QF10
—-0-— QF15
—#—- Original
0 !
0 0.2 0.4 0.6 0.8
FP: P (S/n)

TP: P(S/n)

DR ROC
1 M.
"/‘/";-’V
- -
0.8 T v
/"’4}-‘“”‘/
A
B o
A
s
- -4- - QF5
—-a—-QF10
---h--- QF15 [
—-a-— QF20
—#— Original
1
0.4 0.6 0.8 1
FP: P (S/n)

Fig. 4 CR, DR, ROC results.

ROC curve of CR and DR image created in the total of each participant.

B & TR EILIC A REEE L) T EANEEE LT
WAONTVS., T, FAMENDE  DERTIE, T
WHMEICT, 120 CHEMLTD, AELZETIEDONT
WL,

AREOFEEETIE, CRWE) DEIREHIZBWT, FEAfi=
231/100DIFETT W EHFME T b FATRIFTH 5 L S h

18

TWh, JEREERD /100084 D AzE % 2058 |2 CEFHiliT 2
&, P=0.052(>0.05)Th b, WMOEFHEOEEIZHRT
BEENSD LITVA RV, 202 ki, 40 L%
BT L - lg 2 S B ELCDE= 7 THELRED
HEZHETHOTHNE, FREOBE &1/100F T
R LB LA CEENPHETEVWI EEZRLTWY
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DR Even ROC DR Odd ROC
1 Tl 1
i e
L =
4_.4'3’{'#/‘/ L ‘j/'%’
= e
-~ -1 Pl
0.8 0.8 =
,I'/ ,/'/ e
= y/"/*‘/ ‘
06 06 =l Gl
2 A i
o o
- 04 = 0.4
- -e- - OF5 - -¢- -QF5
—-=- QF10 i —-#--QF10
0.2 ---4--- QF15 [ 0.2 f ---4--- QF15
—-0-— QF20 ; -0 QF20
; —#*— Original —#—- Qriginal
o : 0 ———
0 0.2 0.4 0.6 0.8 1 0.4 0.6 0.8 1
FP: P (S/n) FP: P (Sn)

Fig. 5 DR ROC difference of even of odd.

ROC curve of DR imade for the determination of the learning effect. Evens were arranged in order of compression rate, and odds were

arranged in random order.

Table 3 Participant

Participant Moda‘Iity of Experfonce years Total experienced Experin.ance yegrs of Usually re-.adirlg
experiment cases monitor reading modality

MD. A DR, MR, US, ES 33 20000 studies/year 5 CR, DR, CT, MR, US
MD. B CT, MR 31 20000 studies/year 4 CR, DR, CT, MR, US
MD. C DR, ES 30 600 studies/year 30 DR, ES
MD. D CT, MR 30 7000 studies/year 1 CR, CT, MR
MD. E CR, DR, MR, US, ES 27 16000 studies/year 10 CR, DR, CT, MR
MD. F DR, US 28 12000 studies/year 18 DR, CR, US, CT, MR
TN. G CR, DR 35 10000 studies/year - CR, DR, CT, MR

MD: medical doctor, TN: technologist
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Table 4 Limit of compression rate

Madality Location Impression experiment ROC analysis Documents
CR Chest 1/100 1100 (1/20)
Bcreaning exAminatien Upper GI 1/40 1/40 (1/20)
ER Enema 1/40 1/28 (1/20)
Head 113 - (1/10)
CT Chest 113 - (1/10)
Abdomen 116 - (1/10)
_ . i Head 113 - (1/10)
Diagnostic examination MR L-spine 1114 _ (1/10)
Geniculum 1/15 - (1/10)
ES Upper GI 1/33 - -
us Abdomen 1/43 - -

The limit of the compression rate searched for in this study.
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