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Evaluation of Data Compression in Gas-
trointestinal Examinations Using
Computed Radiography

Kazuhiko Uchida

The purpose of this study was to evaluate the clinical utility
of Type Ill irreversible data compression of computed radi-
ography (CR)in gastrointestinal examinations. Simulated
gastric lesions created on a specially made phantom gastric
mucosa as well as normal and abnormal cases selected from
upper gastrointestinal radiographic examinations and barium
enemas were used. Twenty-five sets of original and cormn-
pressed CR images were obtained for each category of nor-
mal and abnormal cases. Visual ranking and a receiver op-
erating characteristic (ROC)study using these images were
carried out by 5 radiologists. By visual ranking, deteriora-
tion of image quality on the compressed images was recog-
nized in 32.8 to 58.4% of the phantom gastric mucosa im-
ages, 23.2 to 75.2% of the upper gastrointestinal examina-
tions, and 21.6 to 81.6% of the barium enemas. However,
this deterioration was subtle and the analysis of ROC curves
revealed no significant difference in detectability of the le-
sion between original and compressed images. It is concluded
that this Type IIl irreversible data compression is clinically
applicable and useful in gastrointestinal examinations using
CR.
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BT HERDfilm-screen (F-S) 1214 4> > Tcomputed radiog-
raphy (CR) b & 5 73 ¥ WH{ENIL L B Lo2d
A, THEFY I IVEETIERICEE LEEE LR,
FLRE CELECLENRLZ LMW EOELHEHATH
A, FRICH{EDRE DWW TR A~ — Z % Kl L I
TEL1ED, RIRELCL 7y VESIL S -G T
— Z X E DK E A U\ CREEOF-SIE L D& 0 o8
2TWaE, IDF—¥OREILEELT 1 A 7PHVS
NTWED, F—FRmIE7TANL 1Dz EMBLHY,
ETF— 52 FDEIHRETHILIZEMMTLY, EoT
irﬂr ST - 7 ICEME A L Shi: ETREFESNT

BN, FOEHMES BRI W T ORERAFEMm L F 722
*H}b TThNTWAE LIV LWVWONHIRTH L, bitb
NONigE Tl TIZIECRD 7 — & [EFRIZ DWW TITHE L
TWwaY, /*Eli;tj_uﬂﬁiﬂﬁ%ﬁ?ﬁﬁﬁia L S RA
DWW THARER ORI 2T o 72O THRET 5.
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{3 L 7-CRZ&{E (XFCR9000 > A 7 & (B-+7 1 W 4) T,
A A= 7 T L— MEST-V (size 25.2 x 30.3cm, 1670 x
2010 matrix, 10bits, pixel size 150um) T#H 5, X
BITHEDTW-220A8 £ U'DBW-220AT, 7+ h¥ f~<—
M LOOK VAT, 320 F 7213400mADEIETIRE L 72,
S A=Y 077 — FEEEIZ120cm T10 | 1 OBEIET
ERHERALIC. oGNS, BHE77 2 PABLT
EEEIE S EREOYS GA 1 1.0,GT :N,GC:0.3,GS :
0.3,RN: 8 RT:U,RE: 0.5 REL, HEBEHIREDOHE
[ZIZFREDOAIDIZEE L TW5S

Tls ) & A, 77/rakxuiﬁmm iR
TIE¥) by TIN50 (150W/ V%) %, S RE Tl
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Type I, II, IO 3 FEHED E{GIERE XA > Tw22: 9,
A OWES TIZZ O HRTH RIS & 0 ik b SIEMHE
25N HType MM R ZEM L7z, ZOEHM AT
Fig. [WRT L 912 2x2 7 M) v & ADWIFEIE % )46
L7zfk, £F—%EZOEF—7 9 5NETH & -4
F=rLEaoHL, AETHBL N7 bz
LIE#MEY 55T, FHEMFRIZN120TH 5.
2. BHEET 7 > b AIC & BERARE

BHEE7 7~ M ADERIH YD REICETE, 10em
POV HRMT L7258 A 0 — )V o il & 3 < Il D B/hXI2
BOL oM L, RECESmmK, & E2mmbLTF
D/NERAARTA » FTER L Zh % ERESEDRED 7
7y hak L FRHEMIZOWTHRABEOAE SN
RalMl % ek LM PESERARED 7 7 » b A L7 IEW Y
7 v b afg2spl, BT 7 > b afgsel, M7 s kA
g5l ZNEFNOT7 7 > P AKEIZN) 722 H LB
oth, NME7 7 bAOTFICEE L L7z, B EHE
77 ¥ b AOIFEIemIPUNIIEREZER L TW v, 0
BENEFNIZOWCIRER - [EMEEO28E L —HF— T
v % THIE L7 (Fig.2, Fig.3).

Uﬁﬁwﬂﬁ

WE256, Fa (REE2561 - FalM2sel) soflogtsflic->

WT, IEEFITIIENX ORI, REGI TR LM
W OWTIR % & JEMEEE & DHE - FFiliZ 4T o 7.
FPEEIEE (S, EAEmERO 2 1 HloiEi{£ % at random (2
2By = A AT O RTINS, 88T ELEDS AD
HAHREFEMEIC, &5 5 AURMIEIH 6 & LT oM
BIZoWTIHE S, 1) EEPFHLMIENS 2) LEFS
PHEND I)FEFETH S 4) TEIELRENS 5) TEAHL
PCEND, OS5 ERFFlEZThE. ZORLED -0
7 ANV AEEAICEEZTRS Z L ATHIRE 3 & 5H6E
Witz & L TR L W-EHiliss R i

CR image data
( 2x2sub-sampling )

Main data Sub-data
|
( Cuantization ) ( Interpolation prediction )
( Prediction ] (Prediction-error quantizmion)

( Huffman coding ) ( Huffman coding )

Huffman code Huffman code

Fig.1 Flow chart of Type III hierarchial prediction coding.
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NICRBEEEVERONE)DO IO T 1 VL ERRLESR
WD M- T EITo 121, FH00MD 7 1 v A% Rt
random 215 ~30RAEEHER LALES 5 () 0F Iz own
TO~10080 S BEHI 4T e 7. 72 Latd & VIR
B a2 BrFET B OB E{E & %ﬁﬁf?%tﬁ&ﬁﬂ
Lz, F -8 WG 5 AoBEHHEREMEE T,
BZRBIITELRY) —EL RO LD L7, BIgER
1¥MetzDLABROC % I\ T & E%EHE OROCHIEE L UF 2D
AR T A (Az) 28040 L, JRIEHE & M1 DV TPaired
A REI L BEBERERT 72,
b) @M

EwF25F RN 7 7 >~ b L2560 % B TR & EAE
TGRS 12 X AROCIHIT 24T o /2. T2 TH &BIEH
TLEDAzEROBFERERE LT 72,
3. EEBHLEERREHBRGIC DV TORET
AFHRIL19944E 4 HH 5 9 A F TICEEER AR U
FEHZ BV T LEHALE AT S NWEB O D 6
Ew25H (5 7 4, #cth184a, 22~75iE, F9495i%) m{
B, FE2SHI(BM174, K8 44, 27845, P64
W) X BT ED SHITEERICRE L AT SR 28I L 7-.
IEEFNIEBORSHHBHENS G CIIER | & HE L 72 hEH)
T, ZO25BFIEIZFBHICNESEREE T LD 0l
&@or FREGIONFIS, ETEE 7 B, FE R
5, B (SRR 4 51, BEEERY -7 26, U5

Aﬁ§ﬁ3ﬁ FEETYERE 1 B, WERE O B BHRE 1 BloEr2s
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Tid, PIREEH B\ VITFAMHTIC & 0 MERER ISR S Tw
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THHL, BEIIICOWTLEIZELL. AEICOVWTHFE
HIRET RNz 72,

S HIZEF256 (Fig.5) o2V T b, TR0 %
179 7-0mBWEFHB SN TVWE 71 VAR HW, Ho
» CORER & PSR Tfee Lo, WEDDLRKE, Wb
PRIz oW TRl & 4T 2 7.

M HEE T 7 >~ b A6 L R - Emmgo 2 #
1D 7 4 V2% 5 NORSHHEEMEIC IS, 0
FEAD O LA & 1 28N 5 ~ 5 R A &S 012
END, OS5 BERIEME S, AEERE ICIIPIYERE
ekl ARV AR
2)ROCf##r

IEF 250 & sl 2 Fv GERERMEREH:IC X AROC f#
WET-o7 BHMlT 5 7 1 0V AT EERMIZ 1| Fllzo X[
MR R 2 EiE(g, WAL 2 ExEFIEE - F—fHIg
DIME LIz D7 0FFMA R AR S 1504 - JERREE:

(A)

1SOFCET3008L & 20 v, BFflilE 1 AR ORI % BT 2 [i14
FTiTo 2. FTIEEG, REFRSOFIL» S &L EF I
BRIy LEE 1 B HOFFHli 21TV, B0 F5% 1 8%
WEHIE L7z, & T S & EEmERET S LK
FILTWA, BIERESPEBERGB LUFEHIIOWTIE 7
7Y hABIERBETHS.
4. EBEEAREERRAIC DWW T OET

FEUE19944F 4 A2 5 9 H F TL2iEERR SRS
WEHZ BV TEESEEZIHT S W EROHh > S, EH25
Bl (BE174, M8 4, 24~655%, FIH48) XTI,
EE25B (P75, &8 &, 26~77i%, FH5T7HE) 13
R L7, IEEPIIEBOBSHREHEDS G CIIER ) &
HE L7z b DT, Zo25FId I IZEEIC RS 1T L
2b Dot FREFONTUL, HETHI06, F
W 1 B, DRBES, TRIBTEXIGYE 2 B, IR 2% 1
WsR 1 B, Hegdsb g 1 B, HAE MY 11T

(8)

Fig.2 CR image of simulated elevated lesion on the phantom.

(A)original image. (B)Type Il compressed image.

()
Fig.3 CR image of simulated depressed lesion on the phantom.
(A)original image. (B) Type Ill compressed image.
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1) 7 O FFif
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(Fig.6)122\WT, F 7=l T3 ZDBERIHIC OV TIREIR
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W2 BE2560 (Fig.7) 122V T b, WERE FPEHEBTHR
E LIk, F008, WEERICOWTEHEZ 1T - 72,
Bl EE, BRI LEBMALERRRE OBES & AT H
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2)ROCH#A

TFE254) & Feras % v CllBEREE I X AROCHE
WaiFo7. T2 7 4 b L3RI 1 B2 ZREAT
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TR ERSEEANCEEINTVWAE I L ML TY

)
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%, FFli LB LI LE ARG OB & AT
H5.
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1. BRET7 7 > MAIC & B ERRAGE
) Imj 2 o) 5

FER A Table 1R L7, H/AX ORISR - Rl %
DWREZDWT, TTOFHIEE Theat2 09 1 2Bl (%5
A EE(p<0.05) 245 TEND, LVIHFRRTH-7. L
& UM EEEAT & o A | & Lz b OFRIMEBEER O
M T04% IR ENIOATH Y, [FEE{GESL L EN
B | ~TF% ] & Bl % < %5, R0 TIED DA
(4 JERRIHEAT R R BN S | R LBl b0 b T b,

Fig.4 CR image of areae gastricae of the gastric antrum on double-contrast supine right anterior oblique view.

(A)original image. (B)Type Il compressed image.

(A)
Fig.5 CR image of early gastric cancer(lla + llc type)on double-contrast prone view.
(A)original image. (B)Type Ill compressed image.
The deterioration of the image quality on the Type Il compressed image is recognizable only in comparison with the original image,
but the difference is subtle.
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2)ROCIHHF
a) FiEike

ROCHH#HT TIZHIHR T OTHIRE (Az) AT% Dk fig
RTEINTVSY: 995, Table 212 5 ZOBELEE LU
ZTOFEDAzE R L7z, FHOAZIE (£ T0.965, b
87T0.933CTH Y, HAFIITHEENBD SN ho7e.

Table 1 Visual Ranking of Areae Gastricae and Simulated Lesions on the Phantom

HALEXHOCRIEH:

- BHAE %

b) Kal]

HEREHG DAL T Table 31275 L.

. EERHALE
1) 9] 2 O &1

DAz LR T

0.840, [EHEMI{ET0.788 & IRIli{EA R Bl 2l %R b D
DINHHAHEMIC I EESRDO N o T,

e I
=52

RERRAROIC DV T ORRES

Fig.6 CR image of innomi-
nate grooves of transverse
colon on double-contrast
barium enema.

(A)original image. (B)Type
Il compressed image.

Fig.7 CR image of a
small colon polyp
(adenoma)of sigmoid co-
lon on double-contrast
bariurn enema (arrow).
(A) original image (B)
Type Il compressed im-
age.

The detection of this ab-
normality is possible with
this Type Il compressed
image. The contour of the
colon is slightly degraded
on the Type IIl com-
pre-ssed image.

ranking scale

1 2 3 4
areae gastricae 0 58.4 40.0 1.6
simulated elevated lesion margin 0 328 63.2 4.0
simulated depressed lesion margin 0.4 35.2 53.6 10.8

I=original definitely superior to compressed image
2=original superior to compressed image
3=original equal to compressed image
4=compressed image superior to original
5=compressed image definitely superior to original

28
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LA Table 41278 L7z, B/ OB 2 GO, +XTO
SFAfivE B CHEE{#2E EIZENL TV (p < 0.05).

FZ E/NE ORI W TN B AH & 2B S
EL7LONFHNBIZEDLNTEY, &EOFEE LT
b, RJFEREDSRPENS PR EVHERTH -,

i, AMENGL, v v F — A ORBEEIR BRI T
EMUREBE DS @RS JE LAbOIRRSAT, [3.
[ & v FHliAR b % {RAD B,

T LI OMEIRIZOWT BB AE| L T5b 00K L S
<, B DG L E B A S RS [ Li2b D
FR G708, PEERIZE L Tidle%IZiEd b
TW5,
2)ROCH#HT

Table 2 Area under ROC Curves (Az) for Original and
Type il Compressed Images of Simulated
Elevated Lesions

BB OAZz T Table 5125 L7, “EOAzIZFL (ST
0.896, FEMIHEI{ETO.860TH Y, ZhbHalrrcaEEl
OB NWdro s,

ERERARERERGIIC DV T DRSS
1) 18 > EF-Ai

% Table 6127% L 7= ORI 2159, TXCHEE
filiE H CEEI{EATE BB TV iz (p < 0.05).

B TS OIS T2 OV TIE18% 1, IO RER
BBV TIIEEOR7% [ 155 & 22 Eh 5 |5
R AN, SFTH 2 EEELRRENL | L v FEMliAH
HEROLNTEY, HEOKEIHEETH /.

WEEROMEIRIZOW T3 [(5] & T 5 DAREHZ <,
IGEFEVCE L CTIEMUREEAH S @RS | L Lz kR

Table 3 Area under ROC Curves (Az) for Original and
Type 11l Compressed Images of Simulated
Depressed Lesions

observer original Type I observer original Type III
1 0.977 0.971 1 0.837 0.840
2 0.965 0.879 2 0.834 0.763
3 0.977 0.973 3 0.821 0.793
4 0.934 0.899 4 0.854 0.687
5 0.974 0.945 5 0.852 0.857

average 0.965 0.933 average 0.840 0.788

Table 4 Visual Ranking of Normal and Abnormal Mucosa on Double-Contrast Upper Gastrointestinal Examinations

ranking scale

1 2 3 4 5
nomal supine areae gastricae 14.4 60.8 20.8 3.2 0.8
supine” areae gastricae 12.8 61.6 23.2 2.4
RAO areae gastricae 7.2 67.2 23.2 2.4 0
rt. lateral mucosa 0 3.2 68.0 0.8 0
contour 0 48.0 49.6 24 0
Schatzki™* mucosa 0 304 69.6 o] 0
contour 0 44.0 56.0 0 0
esophagography mucosa 0 358 64.1 a 0
contour 0 46.7 53.3 0 0
mucosal lesions margin 0 39.2 60.4 0.4 0
internal structure 1.6 21.6 76.0 0.8 0 (%)

I =original definitely superior to compressed image
2=original superior to compressed image

3=original equal to compressed image
4=compressed image superior to original
S=compressed image definitely superior to original

# with a large amount of air

## |eft anterior oblique view in the semi-erect position

Eiz 86 H25H
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LG dorz, T2 LINEREIZB L Cid1.6% 121 1R g%
HHS PIZEND [V PR SN Tn A,
b) ROCS#EHT

RAEHWOAzZ Table TI2R L7, ¥ AZIZE w24
0.932, JEAGEMI{£A%0.961 TH O HEFHME AR il & 7: L
7o, MR EEI RO N o 7.

% =

TT 7 IWIEDO AR DWW T OGO LN HLAX R
BEY- 7% B WIEFLERE T ARETH ), Wil
A EMHT S5 L EERE D X O ERE
(2D T DIEM I BT % BRR G O 13 A 2 o)
. AfE], FCR9000IZMIAGA % T & IEAT 8 ko
—DTdhAType T — ¥ [EHiiEx vy, 202 oD
D WTIEHE {2 O BRI % 17 72

—fEls & S ES ) E L TiE, DCT (discrete co-
sine transfer) X7 bV ETALESEDDH 505, TR D 1720
BREOREMELFLIETIEF—yMEOEIZTO Y

Table 5 Area under ROC Curves (Az) for Original and
Type Il Compressed Images of Upper
Gastrointestinal Examination

observer original Type III
1 0.946 0.971
2 0.869 0.784
3 0.888 0.772
4 0.892 0.889
5 0.884 0.882

average 0.896 0.860

Table 6 Visual Ranking of Nomial and Abnormal Mucosa on Barium Enema

ranking scale

L XM OCR A

IT—=F 777 VDX LRERET—F 777 F&REL
A1c, BHEGHIBILHSLEL > TL A, 4RI HWT:
Type 7" — ¥ [EfHETIE, BIMETFIIIRN7 < 2551 %
WCCREED T Y ¥ W% [T 5720, L bssey
AR TN SR S PSSR, a2 FT R
POKELWGIH L TRF—OFY ¥ Vx> ¥ 7 ¢
NPT DIEREREAR 2 245, FRTHH1208 0
WEMEA R B 2 L BiKFcRo s 7 —F7
77 PORBENKBWALVWETERLTWS, L2L, &
DIEMHRZBCTHWEOF LD RADMEL 2 5.

RIAAFO— VEFEH LB 7 > 22X 2R
T, M) WEOAKEPSRER AL L 0D, M,
2 SIS A M e 2B L I G T E A
bRGhol, THIE7 72 b ATHERLRED, M-
FEEEE L725Smm KOBEE, H50MMTHs L%
EZreabEE, BAARKORZFIIHEFRenE b 0D
FOREIHFRHMNEERONS.

BRRBIIC BV T, WIS LT % L DDOROCHHT
MR D W CIRIE M (%, TR %M o
BN,

WEDOHIICHE LTS5 ISFECHET AL, BAKR
Tedn il & ) i b B 2 i TEOLBIEATHIL - TV 5B,
D F ) % & AR 0 JOEEE T AT & A 24
ND % BIRL 72BI057T~ 18%RERDSHNTWE, Zhid
HAGEORMOERET, T3 2x2 K7 LA EH{L SR
L, BIbEfifb s /-4 €7 L ojhss— 5 245
MENDZEIZE 2T FTRAMOEWES 2HETH
b DN, RRITIFBIIELZ EDNIRIOERTH B
EEZILNL. Fh, NEOWENZ O L) Likil)o
MEamERY, TCREOMEOHETLHESIIRRTE
B2 ELME L TOATREMNN DS,

AEEEOHCIZE LTI, BRI OB S S i

Table 7 Area under ROC Curves (Az) for Original and
Type 11 Compressed Images of Barium Enema

[
1 2 3 4 5 observer original Type 111

innominate grooves of 184 504 264 48 0 1 0.969 0.995

transverse colon

contour of rectum (supine) 96 720 152 32 0 2 0.947 0.958

contour of rectum (lateral) 48 656 264 32 0 3 0.900 0.899

mucosal lesions  margin 0 252 736 12 0 4 0.956 0.668

internal structure 1.6 20.0 768 1.6 0 (%)
8 0.887 0.983

1 =original definitely superior to compressed image
2=original superior to compressed image
3=original equal to compressed image average 0.932 0.961
4=compressed image superior to original o ’
S=compressed image definitely superior to original

30
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D WRFR VIR &) BEPRAYIC R b EEM SN A HE 2
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AT CIMLEE R IZ B\ T b Type HTF - & MG 3
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BOHKHL L VEEAEOIEM OB HILE N5,
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