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Chest Roentogenology for CAD Researchers

Yasuo SASAKI
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(Received June 9, 2002)

Abstract :

Diagnostic imaging of the respiratory disease is feasible to understand by pattern recognition.

Abnormal opacities of lung are divided into consolidation, small linear and nodular opacities, mass, atelectases,

and linear opacities. Some diseases are shown normal which has subtle abnormalities in chest CT. Majority of

diagnostic radiologist now realize that the CAD derived efficient and accurate information for them to perform

image diagnoses. It is inevitable both radiologist and CAD rescarchers should collaborate together to develop

more efficient CAD programs
Key words :
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Nomenclature of chest X ray image.
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interlobular
septum

subpleural
interstinum

axial interstinum

centrilobular
interstinum

Fig.2 Schematic presentation of pulmonary interstinum.

pleura
|

acinus interlobular

septum

bronchiole_

pulmonary

artery pulmonary

vein

Fig.3 Nomenclature of pulmonary lobule.

THENTRETH A (Fig. 4). %&b, MoHExH
B4 2 84 12l 2 40 2 38 (acinus) & 5 9 AIAE I
HRCT L X4 2DIZ3NETELOTRETH
A[8]. Wi »5ifid bk LM EHEIZB> T
i T % [9] (Fig. 5).
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MO ZER s RS A & L THREEL TV 225,
WEILL > TRADEFELHHVIHES I D LRE
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L oX #5% 8 YA TCHE S S (ransparency) . L H D
opacity & transparency £\ { 2D DY — WA
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Fig.4 Normal lung.

4242 LA HETH A [4-6] (Table. 1), Nl CT &
R AN I I A X MR E DL WD,

gk L7258 D CT Tl o M i i AT EREE vl i T &
BOT, NEHGELREAMEE Sk

L <479 [10-15].
(1) consolidation (air space filling)

KA GOl B & O N OZE KA RIETEEY, i,
L EIZIEEBIC Lo TBEMDLHGIIRONS
B RAEER THY
space filling & -5 (Fig. 6). consolidation (=185
A AARFES VY, MERPESNLOT, T
20X, Mifatkiass, EHRERER
gEi L LTI, Bhige, WGEAE, R, —EOMER 7%
FhFgIFon L, AT AR E LTI
bronchogram A5 b {C M4 b DT, BEEE FET
RV AL OREFNOANENBHAKIZ R X R
E . MRS G2 bat
D) LS R @ consolidation DgER L 3
L4 A%, 4f B Bk 1% Bl 92 %> BOOP (bronchiolitis

obliterans organizing pneumonia) T3 AKHELA R S 41

-7 B 2 % consolidation E 7214 air

tl:i-:) ol e £

wing ( H 45

4 1z, photographic negative pulmonary edema g 78
ENAHZENHAS(Fig.7).
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interlobular

‘s;ptum

S

S

=~ J\

lymphatic flow

reticular distribution of
lymphatic vessels
Fig.5 Drainage of lymphatic flow along the interstinum.

a)

Fig.6 Consolidation with pneumonia patienta) : CXR, b) : CT fine and dens opacities are distributed on the both lung
fields.
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Table.1 Pattern classification of abnormal lung density
| 1. consolidation (air space consolidali_on)—
| 2. | smalllinear and nodular opacity “ ‘
3. mass - ]
| 4. | linear opacity -
| 5. (atelectasis) -
| 6. 1‘ normal e ' i

7 | transparency -

(2)  small linear and nodular opacity

U= ful k ”I]!j);_b _"I s [; I,‘,f}’ SO — K
’J;V'--- |‘: ‘l/(])”/IL"’ ]: l —\ ii
BEAFAL A (reticulo-nodular) B2

sl (small  linear) ,

Wl LAEEND. AL OREIREILA S
b AR L AN A K L TA SN B IRET

B, HRCT #7545 G S B AR WS B, /3
O, IVNEEVE A, LR, 7 Y A
SGATIZT T A Z AT &5 B (Fig. 8). RUE M)
IR FE 1 1 ( peribronchovascular distribution) I 25 | L i
MEPRESNBHET. Haf F—
UA, KRR v NEE WETHY
(Fig. 9), /& rh.Lo 1 (centrilobular) 554 % 75 4 9 %
FANERLBOZIDSERTH Y, UF AEAMS
% 4% (DPB : diffuse  panbronchiolitis) %> BERli 72 &'7°
L &MEBTH 5 (Fig. 10). L/ (pan lobular)
534 C (&Rt 92 B X il P Lh COMEND O PhREEE
xuxfta)&é}%n T ETHLEBEOR
consolidation & % & . AT *‘? CHEREIEDSET T
H2AREDLDIEA) T B (ground  glass
opacities) & 3 % (Fig. 11). #%& & L TIX M £
fiti 22 Wi B FEAMCRMMETH 5. MEHEDOR
ANEERE AL RPN 42, J:ﬁﬁb{ﬂﬂ’l FOE AL 3
{ F—3 A b ZOHBEZASL. FE5ETERM R 212
ERE R 4 AN | :Sﬂ/;,. aHodb ot AP
(acute interstitial pneumonia) & (XA, EETH D
{29 4 @14 UIP(usual interstitial pneumonia), DIP
NSIP (nonspecific

ALI: JLTII*V

c AR

(desquamate interstitial pneumonia)
interstitial pneumonia) = L T BOOP % £ T 4 (Fig.
12). O MATHEEEE & i 2R A 2 R A
=D UL E [.I D HHIG 100 3 7 0 L FREDOFEOM
R ICER L TREICHAT S, TORRDEND
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kAR (small  nodular)

Fig.7 Eosinophilic pneumonia consolidation of right lung
has air bronchogram.

L2 127 > 4 4095041 (random distribution) & 4
AAGER E L Cilika L b -;p-:i.'f Mg & 2 Vi

MIEERETL T > YL Lnhix Ry, Sl
(honeycombing) tii’i{f-f/)f]\ﬁ’if?in’f'fﬂ“ GLAL, PFHHEELA

HELTNHNFORBRIIRZLBEEXRL,
DRFREELTERLNA,
(3 mass
(FITERIL L EZ SN DEE % IER (mass) ® 5 W i
LEH (nodule) & Bt 4. ISP K A3 LB LEDE
FIIRE TS <, ABERE, KIERE, SR, KES
Bize &k EBEICEVTT S, F0ED, HEMN,
ZEsPE Y, B R G 2 EEOMEEIC L DA,
zL 'CH’%EJH (I"H!’l‘ﬁ‘lé EThD), IEiFETEEHE

A

ZSEL )R EEFEWTITS N 9 310 s D RE
3FHEDO LD, |"11“1’f"’§‘§(/)3")2> Lo EwAnAED

A, F oMbz aIRIE, B EALLO, %
WEBKL TR bDR EDH L, HEIIAIRED L
G A b WET RiEl, AFOFARD A
¢, notching, spiculation % & & I 5 EHER,
BomEns| xAag% &x R (Fig.13). LI
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B

panlobular &>
distribution
centrilobular leura bronchoarterial
At kian interlobulary p distribution

sept.u@

centrilobula
structure

<% pulonary
vein

perilobular
distribution

normal lobule

random
distribution

Fig. 8 Affected lobule and distribution of diseases. (modifieyed referene [10])

Fig.9 Pulmonary

tuberculosis axial interstinum was
affected. Small nodules and bronchiectases, groundglass
opacities are shown as well.

B & DR O 7200 | FEWA % TSy —
YHhLHEHETALILLUETH D,
Th#H 7R 3

2 (ground glass opacity) & (Z9F 25

ZALERDPHLHESIZIRCRALBENZ LT,

WA FHE (i 8D, M) 12 CT TH X5

Vol.19 No.3 (2002)

Fig. 10 DPB (diffuse panbronchiolitis)

small bronchiole
in left lower lobe is filled with inflammatory substances.
proximal portion of bronchus is ecstatic.
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-
Fig. 11
visible within fine elevated densities.

Hohphv, BHIIAAOT AT ABREOREEIZ
FLHEA i(ﬂklfﬁ'ﬂ;‘i FULHETH b, DL O RS

Groundglass opacities pulmonary vessels are

L (iiilr;g*t';{{~’6 THEREETZ
b DKL
7z[15,16].

Fig. 14 (X S Wi o i b B #7245, W90 HLHE X
E{E7FTldbAY I wl, CTTHTHHT A
HoRgEarrL, LEFEELAEVEREDOEHBE

Oz h gk
>TADPLF i TOH6EREIZaHL

AEE LV, HFOOsHEO A, Bilz2WwTlid, l!t’If
FRAmOTAFTHY, L L, ZOERKT |I i %
R TExNE, MBI LAECEELLTLEIL

PfifF s A0 EH S
@  linear opacity

/NI RS B BE R RE K O AR (Kerley's B line, septal
line), A '““‘3'0’)5@"-':(pcrihmnchiul thickening) & %
VIR E AR S T T & 2 R (mucoid
impaction) 7z &' (d Mt L 7o # KSR A 5. Smm
LA O % 55 - 7oK EE %2 1447 1K (band like opacity)
Pafe L BRd A, Mgk, SMB, 1L

NTwab,

GlIiRIZE S

(a)

(b)

Fig.12 AIP and UIP
a) patchy and consolidative density with interstitial infiltrates are seen in AIP.
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(a) (b)
Fig. 13 Lung cancer a) right upper lobe tumor with 3cm in size are seen b)the lesion has both speculation and notching,
which are consistents findigs with lung cancer.

Fig. 14 Small lung caner with groundglass opacity although no definite findings with lung tumor is recognized on CXR,
subtle fine density is seen in the midportion of left lung field.
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Fig. 15 Mediastinal tumor water density mass seen on the middle portion of mediastinum appears normal in
conventional CXR.
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Fig. 16 Mass screening case. Both in current and previous images indicate right upper lobe tumor untile temporal
subtraction was performed.
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Evaluation of Characteristic of Longitudinal Direction in Multi-slice CT using NEQ
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Abstract : We analysed of the images generated with multi-slice CT in the longitudinal direction(Z)and
assessed the noise equivalent quanta(NEQ)evaluation. Evaluation of image quality in NEQ, was possible to
accuracy of reappearance in low at high frequency characteristics. In addition, NEQ information was confirmed
of usefulness in compared with Winer spectra and MTF method. Examination results suggest that the quantitative
analysis in characteristics of image noise and image resolution at multi-slice CT images can provide an optimal
parameter for improving quality of images in clinical data.

Key words : multi-slice CT , NEQ , image quality . image analysis , quantitative analysis
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Fig.2 NEQ in different helical pitches with slice thickness
of 3mm. (reconstruction interval 0.7mm, 1.5mm, 2.2mm)

4. B

TNFAFTAACTIZHREF—H#E % CT W{%D
S, MHEETE & HESIEEAT R L — M 7 O

IhHEWAZETHAE, U, BEETELAETD
BERELTAT A AREDRARKE(EELTVSL
D Thad, ZO, HwAT A AETIRBNG

FHEIZHBTAC %mum

LAUIREIZ R A L
M ¥ 5 —%, 7+ hrBOmAIIZL
WS AR T 5. if zafxu&@<$mL
TRELCEEIIBVTIE, COEMIMELs
_itbaﬁﬂw ¥¥ -iaﬁ#*CTMH§*5¥MLJCu
{ Towlzid, METAETE & MRIRAFTE % 0GR L 2o ATk
2L B ML EII R 2T S, MTFR Y 1 +—

—138—

1 F Slice thickness : 5§ mm (intervel : 1.2 mm)
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Fig.3 NEQ in different helical pitches with slice thickness
of 5mm. (reconstruction interval 1.2mm, 2.5mm, 3.7mm)
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Automated Detection Method for Nipple Region on Digital Mammograms
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Abstract : An automatic detection scheme for the nipple region on digital mammograms was developed. An
automatic curve analysis based on angle estimation between two vectors was mainly employed. After breast
border following, the curve degree at every pixel along the breast border was compared. Finally a skin line
segment in the interest regions was determined as the nipple outline. A total of 215 digital mammograms,

including left and right breasts, were processed using this method. The results showed that the nipples were

correctly detected in 95% of all cases.

Key words : nipple detection, mammogram, computer-aided diagnosis, image analysis
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Skin line

Fig. 1 Breast skin line extracted on a mammogram
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Fig. 2 Tracking breast border pixels along skin line
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Discretization of active contour models.
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Fig.2 Energy of image.
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a) Initial shape of (b) Shrinking process of

active contour the model

model

(¢) Shrinking process of d) Result of active

the model contour model

Fig.3 Example of snakes.
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5.
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void snakeSlither()

{
iplg RBOERR LT/

minE = MAX_E :

point_set (current+0,&current_x.&current_y) ;

point_set {current+1 . &next_x.&next_y):

point_set (current-1,&prev_x.&prev_y):

for(i=0;i<9;i++)
neighbor_x=current_x+dx [i] ;
Eint1 [i]=continuityEnergy ();
Eint2[i]= curvatureEnergy ()
Eimage[i]= gradient ();

]

normalize (Eintl);

normalize (Eint2);

normalize (Eimage )

for(i=0:i<9 : i++) {

if (thisEnergy < minEnergy) |
minEnergy = thisEnergy :
min_x = current_x+dx [i] ;
)
}
current_X=min_x :
current-++ :
|
)

current_y=min_y :

dx[9]=(-1,041-1,04+1- 1,041} 1 /*9 A7
dy[9]={-1,-1,-1,0,0,0,4+ 141,41} 5 /*9 FTfEZ &7 —
current=0 ;

while (current<Node) |

neighbor_y=current_y+dy[i] ;

thisEnergy = alpha *Eint1 [i|+beta*Eint2[i] +gamma * Eimage[i] ;

min_y = current_y+dy [i] :

. =
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{80 27, (i 5 O B 5 current) DHERE % | P (current
x, current_y) & ¥ A, F 7z, ZOHIE I B
T2 2 OOHH & FNEFN, Powen (prev_x, prev

(FE I
current=0 (2 BV TIE, Puwen=Pruer, current=Node-
1 2BV TIE, Pawn=Pi £ET5.)

® FEHT AHE S0 9K IZE T, KhAB)

GIUIRENAEZET R ILF— ¢ﬁWT%

@ OI;U%&éutﬁLWW$
BLx1r.

@ FHT ARG 9EHEPIZBT SRRV

_¥): Punenn (next_x, next_y) & ¥ 5.

0~1[Z1E

=150~
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x, min_y) & L TRtlE+ 5.
® {EHT % 6l 50 A (current_x, current_y) &
H /)N BE O B (min_x, min_y) IZHH;HTAH. 2D
X, BHLEoFEHT 2608003 1 mFEREREE)
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for Computer Aided Surgery (ISCAS).

8" Computed Maxillofacial
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4" International Workshop on Computer-Aided
Diagnosis (CAD) .

2002 International Symposium on Cardiovascular

Imaging Congress
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022 ; Improvement of an automated patient recognition
for chest radiographs using edge-enhanced
K. Kondo, J. Morishita, S.
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images by Sobel filter,
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It interferes physicians’ practices.
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Report 4

This is my first time to Europe participating and
presenting at the conference of TWDM 2002 (6th
International Workshop on Digital Mammography) in
Bremen, Germany and its satellite meeting of CARS
2002 (Computer Assisted Radiology and Surgery) 16th
International Congress in Paris, France. which was held
in 23-29, June 2002,

+ About
Mammography

International Workshop for  Digital

IWDM2002 has become an extraordinary event for
digital mammography. This year more than 150
submitted papers, invited lectures by the leaders of the
field, interdisciplinary panel discussions, and an
industrial exhibition featuring the advances in detector
and CAD technologies were demonstrated on this
meeting at Congress Center Bremen (CCB) of the
Maritim Hotel.

The title of my poster is Artificial Neural Network
Method for Detecting Clustered Microcalcifications in
Masses on Mammograms. We are developing a CAD
scheme to assist radiologists make improved diagnoses
of malignant and benign clustered microcalcifications on
Mammogram, which is an effective way to detect the
early signs in breast cancer. To get a higher performance
of detecting the cluster in mass area, we combined the
shift-invariant artificial neural network (SIANN) with

wriple-ring filter (TRF) method in our CAD system. This
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study demonstrated that the SIANN method combined
with our previous TRF method was able to detect
additional true clusters compared with the TRF method
only. Moreover, it was found that the conventional ANN
was also an effective way in eliminating False-positives
in mass area.

There were many interesting and useful lectures at the
meeting, ranged in wide fields. Unfortunately, because of
the limitation of my knowledge, some titles were tough
for me to understand. For examples, image detectors, soft
copy reading and some clinical studies. Anyway, I
learned a lot from many invited key note lectures,
especially panels with international experts discussed
challenges for digital mammography, including the state
of the art of Computer-Aided Detection. Among the
exhibitors at IWDM 2002, what impressed me most was
the GE company, who cooperated with the first CAD
system producer for mammogram in the world-R2
technology co., for their demonstration of the software to
the detection of mass and clustered microcalcifications
using the digital detectors directly.

Bremen is a historic town with many famous buildings,
the Bremen's Market Square. for example, is regarded as
one of the most beautiful in Europe. Its ensemble of
historic buildings such as the Town Hall, Chamber of
Commerce and the statue of Roland dating from 14"
century. The street is a synthesis of the arts. It was
created as the perfect symbiosis of traditional and
Expressionist brick architecture. A wonderful sculpture
from a story in fairy tale with the donkey. the dog, the cat
and the rooster standing on each others™ backs, is stood
on the West side of the Town Hall (Fig. 6).

- About Computer Assisted Radiology and Surgery
(CARS 2002)

The international participation in CAR is highly
significant, since the approximately 1000 participants of
CARS meetings typically come from over 45 countries
and the members of the program committee are divided
approximately equally between Europe, the United States

and Asia. Approximately 360 papers for presentation and
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Fig.6 TITF&NERICI DT L — X > OBERKE

poster were selected this year, and the themes of this
conference were consisted of 15 parts.

My paper entitled “Neuro-Computerized Differen-
tiationof Focal Liver Disease in MR Imaging” was
accepted as poster in CAR section. In MR imaging of the
liver, radiologists often interpret several MR images to
reach their diagnosis. However, the imaging findings are
falsely interpreted in some patients because of the
complexity. Our purpose is to establish a computer-aided
(CAD)

pathologies of focal liver lesions on MR images, that

diagnosis system for distinguishing the
helps radiologists to integrate the MR imaging findings
with different pulse sequences and raises the diagnostic
accuracy even with inexperienced radiologists. We

— 1857~



developed a software named “LiverANN" based on
artificial neural network (ANN) technology, which
structured as a three layers feed-forward neural network
with 5 input units, 8 hidden units and 5 output units. The
5 input units are the homogeneity of T2-weighted MR
imaging and the intensities of four MR imaging : TI-
weighted, T2-weighted, dynamic arterial phase and
dynamic equilibrium phase MRI. The outputs are the 5
categories of hepatic diseases : cyst, hemangioma,
dysplasia, HCC and metastasis cases. With the sendmail
function of LiverANN, radiologists at different places
could easily send unknown data to us just simply input
the type of the lesion it should be, this would be one of
important sources of the retrained data of ANN. 50 cases
were selected to train the ANN. The other 30 cases were
used for testing the performance of the ANN. The initial
result showed that the LiverANN classified 5 types of
liver lesions with a training accuracy of 100% on the 50
cases in the training set and a testing sensitivity of 93.3%
(28/30) for the 30 test cases. LiverANN program
demonstrated its ability to fuse the complex relationships
among the individual MR imaging inputs, which may
lead it to provide a radiologist with referential opinion
during his practical diagnostic procedure. My poster
contained 8 papers in A3 size was set up from the first
day of the meeting. each post would have a 3 minutes
presentation. My turn was at the last day yet I missed the
time, however fortunately 1 could still catch the time to
answer a question from Chairman, concerning about the
way of calculating homogeneity and intensity in a

heterogenous lesion.

Since the conference consisted of many sections
undertaking at the same time, I could only take my
mainly attention to the Computer-aided diagnosis (CAD)
sections. The purpose of CAD is to improve the
diagnostic accuracy, efficiency and the consistency of the
radiologists’ image interpretation, meanwhile to decrease
the cost and the variable range of diagnosis in different
hospitals. After listening the lecture from Dr. Doi, who is
a famous CAD expert in the world. I could understand
further how information technology is applied to the
radiological field, and its way to realize into clinical use.
I think it is very helpful to improve both of my
researching and English level by participating such big
conference, especially discussion some points of view
with different presenters.

The meeting place, Palais des Congres Paris, was
located near Triumphal arch. Though T only had limited
time to travel the most stimulating city in the world, |
tried my best to look around some famous place-Eiffel
Tower, Arc de Triomphe and Museums du Louvre. It
was a little pity that 1 could not enter Louvre to see the
most important collections of art in the world, as I had to
catch up with the bus to airport after finishing my
presentation at 2 pm, 6 hours before my plane aboard.

The passed 7 short days gave me invaluable
experience that made me have more confidence on future
direction and researching. I would like to express my
appreciation to Nagoya Industrial Science Research
Institute, for their kindness guide and finance support on
the project that lead me to finish these successful

conferences. (Xuejun ZHANG)
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