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A Computer System for Image Feature Analysis of Chest Radiographs in
CT-documented Interstitial Lung Diseases
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This paper reports the clinical significance of a computer-analyzing system to detect and
characterize interstitial lung diseases in chest radiographs. One hundred and sixty-four ROIs were
selected in the right lungs of 41 patients with normal and those of 41 with diffuse interstitial
involvement proved by X-ray CT. Selected ROIs were processed by 4-directional Laplacian-Gaussian
filtering, binarization, and determination of linear shadows. For quantitative analysis of interstitial
shadows, radiographic index, normalized percent-area of shadows in a ROI, was determined and
evaluated in the images. Then, the radiographic indices were compared with CT-documented
characteristics of interstitial lung shadows. The results were as follows:

1) Abnormal and normal lungs were well differentiated each other by all kinds of the
radiographic indices obtained from the images filtered by 4-directional Laplacian-Gaussian filters and
from those processed by determination of linear shadows.

2) ROIs with honeycombing shadows and with other interstitial shadows (interstitial changes
other than honeycombing and nodulation) shown in CT were differentiated each other by the
radiographic indices obtained from the summation image and the vertical directional image processed
by determination of linear shadows (p<.01). However, ROIs with multiple nodular shadows and with
other interstitial shadows were not classified by these radiographic indices.

These results indicate that this system may be useful for detection and characterization of
interstitial diseases in chest radiographs.
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Kriz Katsuragawa bkl Bov x££y
ABE'® (visual system response) 12k % 7 4 /v
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3200cm THH, 12: 107V » FEBW, %
fo7 44 815 CAD (F 2 £ v B, HBEGE T
BF-III (kA4 7"+ = = 2 2) #Hviz, CT ¥
X GEI800 (GE A 5 4 # v A5 288 F f-i12
Quantex (Bl 5 4 Ao 25 aibBl) 24
L, fifizAZ 4 2E1.5mm(GEI800) ¥ 7213 2mm
(Quantex), AF A A+F+ » 715mm T L,
high resolution {§% 4 & I BE OH A 2H X
iz,

IEHGIE CT THEFICREAT R ARl o e
AFIch 5. AFE, BEIHI, 236, Fiy
EH#37.9413.0 (max 70, min 18) ThH - 1=,

ZUEGIECT T, MECREFTENRED S A,
0% AMREEMEED B I ShicdlfiTh
D, RERE, BiE2261, 196, FIERITSS .1+
11.45% (max 78, min 28) TH - fu.

2-2. MEMMIERE ORFERTOBE

BN, Ml EM X REREEY T o 2 v{LLThA
D _LHfE & Thi% i ROI 28 ET 5. £ ROl
FTRCOE 7 2R LA HRADS 77 v
— AT VIRT 4 21Tk BEBELE AT,
T DRERT _MELT 5, K7 1 42 AE(EL
E{& Ik L TRRREOHIEATE 21T\, K
SOBIRMHE 21T 5, R Zh b o MIEE{E
B Rl 0 52 ¢ B 5 radiographic index # #
» 3% (Fig. 1),

J Digitization of chest radiographs l

| Selection of two ROISs for the right lung field [

]

l Filtering by 4-directional Laplacian-G

| Binarization |

‘ Determination of linear shadows ‘
1

’ Calculation of the radiographic index “

ian filters |

Fig. 1 Overall scheme for determination and anal-
ysis in linear shadows of chest radiographs.
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IE 62 AL EE P B 6 D R R 1 B 3 B AT ALER i
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B32bit A=V FA TV 2 — &) RERALE.

BT A 1T 5 72 D ROI @ 358 1 i (& %
CRTREFERLTw=2T7 A THRELL., ROID
4 ZIT296 ¢ 7 42 4 X206~ = (51.8mm X
51.8mm) T, EREC 2 BEHRE L, A LEMFT
CEBfFTA R T P E I A R R A L A A X b
WCEREL, A T ciHmEE i fFT L m
e rBEFTHAL YV IZRELL, COBTES
OB 28 %5 X 51, ¥ ROl
FENEIMEORONEEA TR 5 — v &
H5X5@®ELNR (Fig. 2), K25 ATHWT
W35 TVIP-4100I1 EXCEL iX@E & A5 — # 78
bit D7z (FEEIL16bIt), 1 4 —T 2%+ FTA
J1L7z10bit @ 5 — & % 8bit Io T A NENDH - 7z,
296 X296 ROI %t /7171296, #7108 o fEigic
SEL CEBERCRREOTFHYHEL v A
W, EHAY X e LTS\ A gx)iIc X
HENRE R In -7, fEAF% y# s LT ROI

(a)

Fig. 2 Chest radiographs of the right upper lung fields with ROIs. ROIs with a 296296

matrix size were selected manually for filtering by 4-directional Laplacian-Gaussian filters ;
(a) the normal lung, (b) the abnormal lung.
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A Ak 7 A T15X15 (2.625mm X2.625
mm)TH5, FOREROFEBILIS s A, b
0.875mm IZFRE L1,

7 4 & BB O S T R S S0
AU B, LITFoAE IS ROI ICERE S hic
WA X & HE/) L7256 X256 (44.8mm X 44.8mm)
D=1+ Yy 2 ARTIT- T,

2-5. —{#1t

4 HET7 4 v ZAB IR BERTHL, L
EWEIC LA (bR fTo e, 74 s EL
TREMEELT DL, ABovr v (0
~255) DOEAME (255) OBEOEIHTS B
EDBHHHN, BERE-HETH IS T\ ERH
ATFER, 7 1+ 2 o —ffi{bd L &\ HI1X255
EHRTE LI,

2-6. FREOHIELE (Fig. 3)

A AT ATRBREOZYHMETHE DI
P —F T A VEDER B, TOFETE, B

Selection of a search line

[

Count of dots on a search line

N>Ts

[

Determination of a linear shadow

Interpolation of dots on a search line

Fig. 3 Scheme for determination of linear
shadows. Start point of a search line is selected
on all pixels within a ROI and £ is selected from
a-n/4 to ai+n/4 for each pixel. N is total
number of dots on a search line and Ts is the
threshold. If N >T's, then dots on a search line are
determined as those on a linear shadow.
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HEEEEOZEN, TEMFMEIT S DD
L LT, M EhkgEoEE», ROl o
B LTt Eh bV oA X ED B 1LV H
BEE RV,

4 FRAOMEEERICSFHEHEY d, a (=
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Fig. 4 Linear shadows in the selected ROIs (256 X 256 matrix size), White and gray regions
indicate binarization of 4-directional Laplacian-Gaussian filter outputs (including interpolat-
ed dots). White regions were determined as linear shadows by this method. (a) image of the
ROI for the normal lung obtained from summation of 4-directional determination of linear
shadows, (b) image of the ROI for the normal lung obtained from vertical (a.=z/2)
directional determination of linear shadows, (c) image of the ROI for the abnormal lung
obtained from summation of 4-directional determination of linear shaclows, (d) image of the
ROI for the abnormal lung obtained from vertical (@ =#/2) directional determination of
linear shadows.

Table 1 Percent-areas of shadows in ROIs of control images

Percent-areas of shadows in ROIs of control images obtained from 4-
directional Laplacian-Gaussian filtering

duin dlyis d2yin d3in ddyin
control lungs(n==52) 22.77+4.91 5.61%+2.37 9.75+3.47 15.39+3.38 11.77+3.12

Percent-areas of shadows in ROIs of control images obtained from determina-
tion of linear shadows

din dlyin Az, d3, ddyjq
control lungs(n=:52) 13.79+£5.28  0.84%0.91 5.17+3.60 9.164:3.36 4.79+2.87

Each value is mean+one standard deviation, and "n" is the numbers of ROls.

WHE - CIEHAE L 21, 2-8. CT k@D o3 MBEERENSE
D= (d—d)/o’ CT LRDOhBMTFORERE Y, ko3
Di= (di—d'D/e", Do g =V ITHEL T,

D X IE#4k & vz d T radiographic index # 3 1) honeycombing : CT _E honeycomb [k o &

L,d, c’BFhEhay e — L BOEERdD ErEfeR o 544, 2) multiple nodular :

FIHE L EERETH 5. Di 1% o A O NIEHEG CT L multiple nodule % {12585 5 # &, 3)
DERIAENRIATH D o5 AL D radio- others | CT ETEEXBD A ADDIILE X/
graphic index %%, di, o\l FhEh=v b WD, T UTHEMEMES TORME X %
R ABOHEBEIIOFHYE L EERETDH HIZRE L ROI X515 CT TR U T,
5, 1) H(honeycombing)#(n=18), 2) N{multiple
7 4 2 B {EALEE & R R B E nodular) # (n=11), 3) O (others) B (n=53)
EIL T 4 o mAESS X 0K O NEE B L,
#o D, Di (i=1, 4) 2Kk, FhFh Dy, H, N, OBBIVPEEHDOROLA, £2r5
Dipin, Dyjn, Dija & L7z, ATHOCTWAHFRPHTEAEE OB TE 5 h

(126) AdBERSE $52% %35
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XL DT, 74 A2 0B {EHLEED ra-
diographic index, Dyin, Dipin & SRR E IR H
& o radiographic index, Dy, Dijn®#%% S, S,
ELT, $5=Din—Duin, Si=Diyn—Disinli=1,
4)EEHEL, HA N, OFHOEEEREXT-
7z,
. R

EEHBSIOH, N, OFO&ROLIZHLT,
ST Tv—Ho T VKT 4 L& N E{L
% 5> 515 b A7z radiographic  index, Dy &
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Dipin (i= 1, 4) 0fEH % Table 2a iz, #k B4
TEAIRE S 2 515 5 hic radiographic  index,
Din & Diya(i=1, 4 )DfEH % Table 2b iziR,
EHEMHEELREEORICE, TRTOBEED radio-
graphic index THEFHIIZH E M EEED H -
7z (p<.00D),

CT ko 3tEDRFEERD < 2 — v ik #Y
ENBETOHTEDNEE L, kL
7S, S (=1, 4) xRVTHENER, #t
HE#EZ% HE (honeycombing) & O #f (oth-

Table 2 Radiographic indices of the images

2 a  Radiographic indices of the images obtained from d4-directional Laplacian-
Gaussian filtering
DD\H D]-bln Dzhlﬂ ]jshlﬂ D"ibin
normal lungs(n=82) 0.62+1.27  0.55%1.22  0.50£1.17  0.79£1.50  0.53%+1.31
honeycombing(n=18) 4.03+0.89 3.51+0.91 3.24+1.11 5.83+1.18 4.46+1.26
multiple nodular(n=11) 3.61+1.25 3.11+1.21 2.85%+1.30 5.12+1.83 3.96+1.52
others(n=53) 3.03+1.02 2.71+1.01 2.45+1.08 3.75%1.49 3.23+£1.19
2 b Radiographic indices of the images obtained from determination of linear
shadows
Dun D]-nn Dzlln ]Dslin D‘1||n
normal lungs(n=_§2) 0.63x1.41 0.4441.22 0.45+1.23 1.52+3.31 0.82+1.97
honeycombing(n=18) 4.70+1.03 2.984+1.09 3.04+1.69 16.01+8.05 6.64+1.80
multiple nodular(n=11) 4.14+1.65 2.6341.42 2.52+1.63 13.36%7.36 5.92+2.58
others(n=53) 3.19+1.37 2.39+1.33 2.11+1.43 8.64+7.51 4.31+£2.71
Each value is mean+one standard deviation, and "n" is the numbers of ROls.
2 20
— P<0] —
P<.01- —N.5.
3 r—N.S~
14 ‘ 10
S ! S, [ ]
L ]
3 L L
honey-  multiple ! honey- multiple
combing nodular combin nodular
normal others normal 8 others
-1- -10 J
(a) b

Fig. 5 (a) Comparison of S (difference between D, and Dy,;,) and image feature
of X-ray CT, and (b) comparison of 5, (diffecrence between D3,,, and D3,;,)
and image feature of X-ray CT. Each dot shows mean value+one standard
deviation. Difference between honeycombing and others (interstitial changes
other than honeycombing and nodulation) are statistically significant (p<

01).

SERT 4 4 3 A25A
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er)D S & Syl =n/DIBd=(p< .01, =D

¥4 N B (multiple nodular) & O B (others) @

EHC IR B E R D I h - 7o (Fig. 5).
4, & £

AL T, dFEOFF5vT7v—Hov7
VIR7 4 M2 QB LIRREHELARE L VB LA
TCE& 2 b3k $ &5 radiographic index # 5
BELT, Foaab Lo X BEHEMLD
CT EoMEHRERELRESLIVOSETES
PR LTz,

ZDYAT ATHWEEEM X BEE X175
umDE 7 Ay ATHEDN, 7 erv4 X
1ZBI L Tk, Katsuragawa 5220, 200um F2EE D
€7yt A XEMET 2 A5+ — BT ER
sy 4 XThsEHRELT WS,

A H 5 T v 72 ROI 1251.8mm X 51.8mm T
5, ETMBCROEECERD, Zofs R
74 MR AEIZ X o THIERS TSR S ity
TENRBBOTHRS LI, £ LEREcBI L T il
CRIE o, LOLSERTE BHETEE
BICRHE3 % fcd—EF T HPT, & LT &A
ThHiEF Iz ROI % 55 L7z, & Ak EREF & FHhET
CLARYFETHDTHB,

STFCT V=N T ve7 4 LEZL/(V/D
7)) HE =2 LT BAYFAREEYEDL, o %
WU LB EiC L VR LW EE R 2
BHZENTES, ZOZ LIHEREREOLT(L
CHIG L A 2B A B S o 2 THEE T 5 &
LhiL, /A XEHWITREL TR, D74
N2 BABOREET2EEEN T L —F
LTk DY, BHBRBHEOFREIIERNES
B30TV EiFENhE, KorasaTik
WEZ4NADFROBIEE TS L & w=20 X
D 6=0.438mmICHE L&, KEMEFEE T
0.5~1.0mm THHDT, wrkZhUTFiet+sro
NHEBTHDHEE2z LWL g R/NELT5 L
S AXDWINOYENKE B, Tlow i

ThHEENECTEEOBRE B IhE o Eh

b, wWEAKEZDIZHED LEROMBEIHERE L.
SO, TTFCTV—HFT TV e T 4R

ZRAVAFIRE LT, MBS &H S
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T YK 2 — 2% AR E M R R D BT

< back ground trend Z#IET % LEH g\ H 2
HIFBNZE, Zhid background trend #i4 > =
7 ATHWT WAL (V2 o) KN B 45
ERAETHED, 7507 v—HFOoT w7z,
NEBRC LY, BREINDEEZBRAENST
b5,

Lal, ZO74 A2 FT_NTOFEMIERLT
—HRICER T 5 o, $FEO A S O
Xtz T 74 A5, EEREOW
AWHOFAEME R i bicu, =0
VAT ATIAKE, BE, #Db2AHHE (=0,
w=rn/d, m=r/2, a,=3z/0)D 4 FHHWDT 41
ZIMEETT - 7z,

TRk 7 4 M RLASENY, EFEAYRS L 5w
BT A2XETHHY, MEBEBOEERLER LT,
“MER B CRE RO —RITEEELSTH 7 + L £
EHH LI,

K ATF AT IS5 7v—Fyo7y
W7 4 2 IFEHAORELMET 525, £
LN ORG bR Eh, LadimH X h 3k
ERTLECHEGHTHL LB LWL, Z0ked
B 5 RcEE T dot MBI SHA LTt 2 — v
EHZlichhh, RREYHHT I DIRIZE
IR EEMOHENELLE L s, tRkE
M X EBDOFMEFoRERF T 57 v
—Ho T RT 42 CRRE R T T hER
BRILHEREBLENTETHEHD, F0 X5
TEIHERO A0 LEREETRTETH S ¢ E 2
b,

WREOHENE XA FADT 75T v—i
T 7 VIR 7 4o 2 VB E VBRI L TRl 4
ZiTw, TOERLME L ERYERT 5, =
hiZ 4 HROEGR Y INE L TH b EAE LT 5
LIRREORREE LI <, FREHE
DS SN AERENEL 27D TH
%,

R EABICR =Y —F 5 1 VR,
BSFE L 2 ERO LB EIRHT S oD
HETHD, ZoFECKES Ls & Ts ol
i, HO0LDEME W OLBERLTHL, H
MY 72 5E #1 % B\ T radiographic index o H &

BABEMSIE $52E 535
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BITWHRIE LTz,

T2 AL L BEM X BER L CT L
OHBEHRETEEI MEHES I UOSGETE S hER
AL RER,

1. EEFIERERLS 5o T7v—Ho o7
viIk7 4 A2 B {E{LES S S8 b A B radio-
graphic index @ Dyinds X ORI EHIENIEA L
o B {8 5> 518 5 A 5 radiographic index ® Dy,
DWTFhEeRAWTh BREFRSEITETHY, &K
AT ALBMEM X REROMENREREO®
WEHIBER o Z LR S R,

Table 2a Tit, 75> 7v—Hv w7 vk
7 4 v 2 B EALE &2 b RS b R radio-
graphic index, Dy, Dipin? O Bk~ T H ##
KTl NBETHLRERERRLTVA5,
NI F5v 7 —Hoo 7ok 7 4 A 208
ELER XYy —F 514 vETHAVWbhBL &\
ELLToRSDEVEE M MEIh L L, &
Mo OBENENT LR b SEFGIAE
TR OBHRRV-EBELEBRNE AL T
HrEELBRS, ¥ioav b r— O radio-
graphic index OFEHED 0 TH B DI LT,
EEHERIKEVEXRLTWA, ThIZIEFEHL
LTHWTWSIEMXMSEM X RERLORY
DFERBALEF TR, HETHCT 2E
BELTEALEATHLZOIILT,
r— B L GEAMEML, hEBEgemEs
FlhhltofifEgsciEE T3 2 4 X (structured
noise) D EEFERIRETHZERHMEL TS
e, CT EREW e THMEEEED BIL
OFEFIIBR o Z R EBHRELTELBRS,

2. CT EFZDBRB 3D FEINLEEN,
MR R R B BT, BB X S EE
LOMET R DR E Ui, MAEHIENIEE T,
STFTY—HIT VR 4 M NIRE —{E
LA X b I haEHicd LT, bBLE
WETs U EDRIEZHJBEEEZHBRE L LR
RNzt 3% 0T, RREHS 35\ @RI
LTERRFETHH LELLRD, L LR
FHIENTR L7 4 A2 WEB BB TORE
HOHBRICL YV KESFEIIE, -TEE

SR 4 4F 3 A25A
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D @R LB BE DR SRR I LT Dyt
KELRYST W, OB TELLETERT S
7oDITIE Dy ML LT Dy B e 35 2 &8
BETHY, Thick hFREHBAEC X 5%
BERHEcEs0TR v EE L, LAl
P35, Din/Dointd Dyjn® Do B OE L ST DT
HETEhhsate, #0O/bH L LTS=Dy—
DunZ A\ o, STENRKEWEWD Z EIFRRE
LHEIWLBREOHEGEI/ L5 L TH

b, BIREEMTHIEEELZLRE, 20X
LCSER X higiREEM ¥ (HF0X 5k
honeycomb & /c K &) LA ooz (N
BoXdhhihkEral) ¥»SETE A REMN
HarrtEzbhs, kS =1, )21 Th
FEETH 5.

2.1, H# (honeycombing) & O & (others)
ER\WTIE, S &S0 221t hEFhHEEE
ENHY, Zhidd FROMREHEARER Y
MELCERE, #HE (a=7/2) DFREHE
NBERY, ThEhEeHIETES 57 v
—H TR 7 42 B {ELERC ST

B X hcBERE L ERTRLT WA,
ZoBEHE L LT CT |- T honeycombing # 7=
FHEFIT, FEEM X BER TR TR
CHERELHILSTDTHH EELONE, K
] o LT [ & o radiographic index Mo FilA)
DOBBTHRTEREY R0 EERELMm
Ea¥ i L ofEg A TS5 7 1 X (structur-
ed noise) X (a,= 0) RRBHAE (@e=2/
4, a,=3z/DDOHEHTHH I LGB EE LD
na,

2.2. N # (multiple nodular) & O # (others)
CHEWTE, S, SiTHFAPERELRDRH -
7. 2o Z 13 CT k€ multiple nodular Z7=3
AT, honeycombing & R3FiF &z il HohiE
M X RELCTHRRE-CERE L BEIILOZ LA
WiehEErbhd,

Katsuragawa H3NLRh B I X B 2 A X &l
Aicebiz, HENZ6.4mmX6.4mm @ ROI #5858
L, ROl #&¥FEETHZ Lk WFES0 R
e LB EREYHIT T3, L LSRR
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EEOHRER L THEL T\W5 D Tl
<, WECOEEOMEFOMSEIRATS /1 X
YT a v L EAbBREELTWE, Eis
2VEa—ZRIBBHZREELVCIBENLTS
&, MEFFRERT A2 F+— & LTHS KEFTR
724, BOOREMESBETRIRELY 7 4 L 2 4L
Bk b Lo X5 REEREHML T3
T7R—F0, MBERYEENCHERTELA
TERATWALEZ LN A, HMEMEBEORBEI
SHETHYTRTOA2 —vilBETsz L 3E
BThHDODT, KyATATIRThE Ak EH®
¥ LN TR 2 BRIt T 5 &
Ltk b, MEHEBEL2EBD, TEOCHHET
5 LERLI, 20y AT ATIHERY radio-
graphic index t W5 HEF -2 L LTELI S
T, LM ETHEONL DEs%H
S —3551.8mm %51.8mm @ ROI #Z5E L, 4L
HERY CRT tR R LAENCHATE 5ET
BhTW3LELONS, SEIO#KETE, CT £
DHEURTEREEOGE RETE L L bIT,
%§1C honeycomb RO # M # i X R EH
MWOHEET A LNARETH D Z LR E T,
L LAY AT sk, $RELRBIRWICHE
AHElco T, CT Lk \v~T multiple nodular
g R RTHICH LT mE X S EEH»
CHTET 2 LIRREETH - 7o, BREomtic
BL T, BOOBEBMESCSETRLTVS X
5Tc, Y1 XDEMD 7 4 L2 QBT L HEIRE
O IT VT HESERE 2 Hh 5,
FRBRECELTY, 57507 v—H vy
7 VvIR7 4 v 2 B {ELESR THE X hici#
T, ¥—=FFA4AVvOLEELTOEXOEVE
HIgREHEABEcCREHE IR, L
3o THRREHENE Y S hiBELUADORS %
FALCHIIEREELERTHE, X
EoRENRADLIOTEEWHEELLRS,
FERM B ERBERAED 5T TIXHHZM O]
REESER L bh, RAIF S fThii®), L LEUHE
MEOHGZHIIBE R 2 —vRHThy, &
BROHSALETH L, HEM X REROHE
ZWT O\ FRTORBATEME R & v 5 i

b5 B,

UUABERAEGBICRD RS &3, et
REEOZKOREYED B X 5 ie iR 2t
L5IX0UTATATHD, ZOLHICa v a—
2L HEET -2 OFERIBITERLFIRLC
EESM AR CRIZ LI, 2V - 2 BHTY
# (CAD ; computer-aided diagnosis) & M3
T 55 SR EAR Y AT A RHE
oo v a—-2 2% (CAD) v A5 o8
FEolboHEBIZ b S 50TV EELL
na,

WEk#zschich, ERHE Y F Lo KBS
BUHBRESEEO/MFEIHEE, KIEAFES MR- 1
AT 4 hABBERRE L v 7 - BiEEG2 ¥ ESon
FHE—#d%, NREEERcERE LA T T,
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