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Computer-Aided Diagnosis in Chest Radiographs
Shigehiko KATSURAGAWA

General Research Center, Nippon Bunri University
Ichigi 1727, Oita 870-0397, Japan
(Received January 25, 2002)

Abstract : Computer-aided diagnosis (CAD) is defined as a diagnosis made by a radiologist
who takes into consideration the results of a computer analysis of radiographic images as a
second opinion. The general approach of the CAD scheme is to alert the radiologist by indi-
cating potential lesions and/or by providing objective measures of opacity patterns. This arti-
cle is to provide an overview of CAD schemes for detection of pulmonary nodules, interstitial
diseases and interval changes in digital chest radiographs. ROC analyses indicated that the ob-
server performances for detection of these lesions were significantly improved by using these
CAD systems.

Key words : Computer-aided diagnosis, nodule detection, texture analysis, temporal subtraction,
chest radiograph
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Fig.1 Overall scheme for computerized detec-
tion of lung nodules in chest radiographs.
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Correction for X-ray Spectra Measured with a CdZnTe Detector (2)
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Abstract : X-ray spectra measured with a CdZnTe detector were corrected using response
functions calculated with the Monte Carlo method. In the calculation, the Hecht equation was
employed to deal with the effects of carrier trapping in a CdZnTe crystal. Corrected spectra
showed excellent agreement with x-ray spectra obtained with a HPGe detector. This meant
that the response functions calculated in this study were valid. We conclude that a CdZnTe
detector can be employed in diagnostic x-ray spectroscopy with proper corrections.

Key words : diagnostic x-ray spectroscopy, CdZnTe detector, carrier trapping, Hecht equation,
response function
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Automated Extraction Method for Region of Architectural
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Abstract : The architectural distortion is a very important finding in interpreting breast cancers
as well as microcalcification and mass on mammograms. In addition, it sometimes appears at
the previous stage of obvious mass shadow. The treatment of breast cancer at an early stage
will be possible if the distorted areas are detected correctly. In despite of the importance for
detecting architectural distortions, no algorithms for detecting them have been reported. The
purpose of this study was to develop a new detection method for focal retraction that is one
of architectural distortion, around skinline. In order to extract the thick mammary gland re-
gions, binarization technique was performed. The black top-hat processing based on morpho-
logical operators was applied to determine the suspect depressed regions around skinline. The
false positives are eliminated by the features of their sizes and positions. After applying this
technique to 51 digitized mammograms, the detection sensitivity was 92% with 3.8 falseposi-
tives detections per image. It was concluded that this technique is effective to detect the ar-
chitectural distortion.

Key words : architectural  distortion, mammogram, automated extraction, breast cancer.
computer-aided diagnosis
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Variations of Microcalcifications Contrast on Mammograms and Parameter
Maintenance on Contrast-correction Method in our CAD System
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Abstract : We have been developing an automated detection scheme for mammographic micro-
calcifications as a part of computer-aided diagnosis (CAD) systems. The purpose of this study
was to confirm the validation of the contrast-correction method in our CAD scheme by using
three databases from 1996 to 2000 because there were obvious differences in contrast of mi-
crocalcifications among the databases. In order to investigate the changes of contrast of micro-
calcifications, the average and standard deviation values of contrast extracted from each micro-
calcification were calculated, before the detection performance of those three databases was es-
timated. Although there were some changes in contrast of microcalcifications according to the
situations of the background areas, the contrast-correction method was functioned effectively.
These results were confirmed by the performance evaluation by using three databases: corre-
sponding three true-positive rates were over 80% with 0.5 or less false positive per image.

Key words : mammograms, microcalcification, computer-aided diagnosis, contrast correction
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Table 1 Databases to investigate the variations
of contrast.
Datibase Nt.lmber of _ Nmnb‘er Of.
images microcalcifications
A (1996) 16 99
B (1998) 17 145
C (2000) 12 126
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Table 2 Databases to estimate the detection per-
formance.

Number of images with Total number

. clustered microcalcifiactions  of images
A (1996) 16 458
B (1998) 28 148
€ (2000) 84 1047
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Table 3 Detection performance in each database.

True-positive Number of false

Batabsiss rate positives per image
A (1996) 81% (13/16)  0.44 (200/ 458)

B (1998) 82% (23/28) EZ(_ 7 I4E;)7
C (2000) 88% (74/84) 0.33 (348/1047)

Y2327 A FOEOHAIRE TS WHER
LTwa., LdoT, 2> b7 A MlERA A
fTraZ&icdoT, WRMEMCHFHERELX b
FAPDTFRE —EMHL FIZHIET A LATTE
7: [Fig. 5(b)]1, [Fig.5(c)]. LA L, AlZlE~
B, CTII 74 VLD b5 AMELERL
TWwahiz, WHEEM, 2 A MOESLD
ENRKELLHoTWVA,

O HiEAMOEIZ, Makiby 7 A
Y ORILEE 2 f7uv, 7 — & X — A B OB PEGE
DA RO R 2 Table 3 (279, 7
= R=ZAZ & o> TRUNAIRIE Y 7 A ¥ DAFAET

% WG RO WEBEAK & { ek B 75,
EOF— & = AZBWT b BB ES1280% L) L
D EHTE, FMWFIZWiGY 720 OBETEE
iFosA T ETa s bR EL. 2k, T—o
— AB, COWRMFEM, a7 A POELD
ENRREL o EICHLT, BMhRRILSZ 7
A& ORI TERE O R T 7% ﬁw:t. i,
INAAL 7 7 Ay oz BwT, a2 bT
A MZWTORE MmO -2
BILEL2TWADT, WREEHEL I FT A
FOIESLDXIZMELR L, 2 FFA PO FRA

Ef GIEMUMIIRIESE AL T S L £ bR
b

4, FEO

1996%F, 19984, 20004F O Wi {7 — ¥ X — A
FHWT, MhRKIbgEDa Y b T A FOE{LE
M, FOEALSNDCADY A T L D RfIE % ] <
i

F070\, BLEEBAEOWMEOLELE LT,

IR OW il s 2 > b5 A POl
A, AFSIMEMOZALTIE, Wi L <
LB 2B FRES S VIE S ~BH L TWwA S

ERMELL, aybFFAMI2WTYE, HiLW
WgIEEERLTEY, JHUIHEOERIZEL
7o HUEM— 7 4 W A DOFFEDZEILIIPED) b DO TH
b, LT, KWFEDORFEL F0ZLE 1L 3
LTw/. #hbxsiz, BEOF—F¥N—2
IZBWT %ﬁdlmﬂﬂ%mﬁfmw&i; a3k
FAMOWEHLZ LR LT, FLT, 2
FixF%mﬂWWT¢Llog,?—yﬁ—x
TEDQAY T ARDENEHIET A LANE
ThbZrxmli.

FORY, bivbhaMitkErbRELTELT
¥ b7 A FEIEMEC £ DA TR I v
BT EICEST, bILbhOCADY AT AR E
DT —F = AZD20T LV RRINGEL R+ &
LN, ZOZ kW, 22 T A M
IEALRRD 285 X — 5 OIS TH L A5, s
f’-ijl_isurﬁitf HILbILOCADY A7 414
W OZCIZ e T A2 EHa[iEThH DL &V A,
I b7 A FIEREE O T o478k & it Tk
D —WePED ML T & 72,

A &

AR E R B I2hlzh, Hith TERLEW
72EEFLza=h (¥R OBIFFEMIC, ¥R
WA, % BRI, v s] o deihe 2z L £
. F 1, KO8, FHSEE AN
Phid (RARIEE, mpkPt) B & OVH A fir e
SEHEFRRHIBI OB X - Tirbih E L 7=,

X W

[1]  H. Fujita, T. Endo, T. Hara, et al. : Auto-
mated detection of masses and clustered
microcalcifications on  mammograms, Proc.
SPIE, 2434, 682, 1995.

[P P ] {5 2 R



(3]

[4]

(6]

BEHILE, Mgse T, B, i F
EXMELIIBT ATy ¥ a— ¥ LIRS
Y AT LORE, WS Medical, 28(3),
357, 1996.

BB, BEREGE, S, f 5Ll
EXAG I B D ER PR O 200
L & Wil (260 { gl 7 v ) X 4
DIIE, Med. 15(1), 1-13,
1997.

O, S MR, BOFIE, il v
EFTLDOHDD Y ¥ a— ¥ RSB
AT L OO A s
G S o % —, HFURNGE
SE4%RE, (1), 87-101, 1998.

P, A, B, Al FUEE
XTIz B0 ARUMIRIEE 7 1 Vv ¥
DOHFE—imERRe L 3T » 77 1 V7 i)
frizdko { HiE—, [FambD-0, 17209),
1334-1345, 1995.
T —, MHEEE, B

Imag. Tech.,

g, Al o>

Vol.19 No.2 (2002)

(8]

b7 A RHIERLEE S0 T 4N S R
i % A L 7z o AR AE BRI, Med.
Imag. Tech., 14(6), 665-679, 1996.
BLURAE—, /MIITE L, MEEF %, fb
1y L & il 2 v 7ol kA g > A
F L OBSE, Med. Imag. Tech., 14(6), 699-
706, 1996,

RM. Nishikawa, K. Doi, ML. Giger, et al.:
Computerized detection of clustered micro-
calcifications : Evaluation of performance on
mammograms from multiple centers, Radio
Graphics, 15, 443-452, 1995.

BN R o timibs e~ >
€% F 7 1 HICAD-Image Checker” , HIk
27k, 56(3), 355-358, 2000.

T8, BHLE, e, i
EXMEEII B A MNaIRILY 7 A5 D
FY fi st — 5 7 2 bk 0 Wi T — ¥ ~ DR
I—, PEWEE, 13(2), 54-60, 1996.



(PR R %R ]
SXErFrE2HEEEE E AW A-EXEEOELHIEZE
AN B i i, R e, Bl AR
K T, RN HEEET, K @
m;{ PRSI HEA R - T501-1193 Mg R -]
I B e Sk [ S EE - T500-8705 il HlNT40
(200241 125 H, #ef%200243 H 27 H <2 #L)

Similarity Discrimination of Teeth Radiograms
by Using the Nth-order Autocorrelation Features
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Abstract : The specification of individuals by the dentistry-view is used for the identification
of victims® body in the case of accidents. Then, an objective judgment is required to carry
out the correct discernment not only by subjective observation by forensic doctors but quanti-
tive numerical values by a computer. In this study, we propose a method of estimating the
degree of identity using the Nth-order autocorrelation features extracted from the teeth radio-
grams. The autocorrelation features are widely used in the field of image recognition. As an
initial result of applying this technique, the eight correct recognition results are obtained
among nine cases.

Keywords : teeth radiogram, image recognition, Nth-order autocorrelation features, individual

discernment, forensic medicine
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(1) Unknown image

(1-1) D=4.5%X10° (1-2) D=5.3X10°

(1-3) D=35.3X10" (1-4) D=63.5X10"

Reference images

Fig.3 Euclid distance (D) from unknown image
(Case 1). (1) Unknown image (Taken after death
in medical department), (1-1) Same person, same
tooth, after death (medical department), (1-2)
Same person, same tooth, before death (dentistry),
(1-3)Same person, another tooth, after death(medi-
cal department), (1-4) Another person, another
tooth, after death (medical department).
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Fig.4 Euclid distance (D) from unknown image
(Case 2). (2) Unknown image (Taken after death
in medical department), (2-1) Same person, same
tooth, after death (medical department), (2-2)
Same person, same tooth, before death (dentistry),
(2-3)Same person, another tooth, before death
(dentistry), (2-4) Another person, another tooth, af-
ter death (medical department).
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(3) Unknown image

(3-1) D=40.4X10°
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Fig.5 Euclid distance (D) from target image
(Case 3). (3) Unknown image (Taken after death
in medical department), (3-1) Same person, same
tooth, before death (dentistry), (3-2) Rotated image
of (3-1) at the angle of 25" counterclockwise.
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Abstract : In radiography, scattered x-rays occur in objects. It is widely known that scattered
x-rays degrade image quality. Modulation transfer function (MTF) of the scattered x-rays has
been considered to be equal to the primary fraction. Using a square wave chart, we measured
MTF of the image receptor: H, (u). MTF with scattered x-rays: H. () and primary frac-
tion: P. As a result. we confirmed that H. (u) is revealed as the product of H. (u) and P.
Key words : scattered x-rays, modulation transfer function, square wave chart
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$R4&55 : My impression of RSNA 2001

It is absolutely a good experience to be able to
participate and give presentations at RSNA 2001,
which is one of the biggest conferences of radiol-
ogy in the world.

I have been studying on medical image process-
ing in our lab for 4 years. My research topic is
concerned  with  the Computer-aided  diagnosis
(CAD) system, a new field of fusing the computer
science with medical technology. on X ray film
and MR Imaging. Over the past few years, we
have made remarkable progress on CAD system
that many achievements were published on influ-
ential journals. And we hope our scheme could be
demonstrated on this important meeting so that we
can exchange informations and ideas with both ra-
diologists and technologist from all over the world.
Anyway, it is a challenge work cause more than
7,500 scientific abstracts were submitted for the
87th RSNA Scientific Assembly and Annual Meet-
ing and only 30% were accepted usually. This
time two titles involved my name were accepted
as presentation. One belongs to Education Exhibits

section titled Fundamental Techniques Employed

—109—



in Computer-aided Diagnosis (CAD) Systems, an-
other will be oral presentation on Symposium of
Integrating the Healthcare Enterprise (IHE) titled
development of a computer-aided diagnosis system
on 3D breast ultrasonograms.

Preparing the two presentations was a tough
work : How to make the slides attractive but suc-
cinct in education exhibits section, so that people
may understand what you want to say within a
limited short time and remain deep impress on
your topics. And the lecture on IHE Symposium
in 20 minutes length will be a big challenge to
my oral English, even though 1 often took presen-
tations in English on different meetings. as this is
the first time | took part in RSNA such a great
conference. 1 would like to thank my supervisor
Dr. Hiroshi Fujita, who applied for this Education
Exhibits as the lead author, for his helpful instruc-
tions and comments on an earlier draft of the
presentation slides. From our slides, readers may
(1) Understand the fundamental structure of the
computer —aided diagnosis (CAD) system in terms
of software and hardware. (2) Understand the fun-
damental techniques employed in the CAD system.
(3) Understand some representative methods of im-
age processing and pattern recognition with visual
demonstrations  including some applications  to
mammography, ultrasonography and chest CT im-
ages. This presentation was finished with costing
about one month, which contained 47 Powerpiont
slides with many animations inside. And the IHE
Symposium was arranged into the Data Ming sec-
tion.

Our plan was not affected by the terror in New
York. After 2 month's preparing, four colleagues
and 1 finally took the airplane to Chicago and ar-
rived at November 24, 2001. Despite the tragedy
of September 11 and subsequent travel concerns,
attendance at RSNA 2001 was still very strong.

Professional registration totaled 21, 405 and the
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whole attendance was 53, 569. Besides the attrac-
tions from nature beauty in Chicago city, the
scale of the meeting was also amazed me. McCor-
mick Place, which is one of the largest conven-
tion center in US, occupies more than 2.2 million
square feet of exhibit space. Every day, over
twenty thousands people attended difference sec-
tions within this center. Our education exhibits
section was located at the Lakeside Center, where
poster sections were undergone as well. My job
was to run the Powerpoint slides automatically
and answer questions from 12:00 to 13:00 dur-
ing four days between 25 and 29 (B H6). From
all of the attentive ask'er, to my surprise, many
radiologists were interesting in this new filed and
sensitive to how deeply the new technique should
impact their routine work. Some company manag-
ers and institute teachers asked us to make copy
of our slides for the use of education for new
employee or students. This presentation finally
won the Certificate of Merit from conference, and
was recommended for possible publication in Ra-
dioGraphics online-only version during the coming
year. Now [ am writing the manuscript in HTML
format for the benefit of those unable to attend
the annual meeting and want to refer or search
CAD information on electronic media. The IHE

Symposium was held on Nov. 29, from 12:00 to
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13:10 at Room E305 (BE7). The topic of
this panel was data mining, which consisted of
four speeches. two from U.S., one from Kore:
and one from Japan. My speech gave a brief in-
troduction on our recent development of the CAD
system on 3D breast ultrasonograms-a hot topic
after the successful application of CAD system on
Mammogram. | answered the questions about the
reason of different performance on two individual
datasets and the significance of using CAD sys-

tems. It was really the enjoyable time for me

Vol.19 No.2 (2002)

when communicating with other researchers and
being accepted in our points of view. And I also
deepened my knowledge on interpreting the radio-
logical images from different presentation or ex-
hibit sections.

RSNA 2001 has passed about four months,
what it left to me will impact on my future study
deeply. Although my major is information science,
I have to understand many radiological concepts
so that it is possible for us to recapture the in-
spection in computer program. Communicating fre-
quently with radiologists has become one impor-
tant parts of our studying. Fortunately, many con-
ferences offer us the chance to exchange informa-
tion with doctors, meanwhile radiologists may
learn the new technique from CAD and be of
benefit to their treatment plan. 1 have the strong
felling about this interactional promotion from par-
ticipating RSNA 2001. 1 hope 1 could make pro-
gress on my future research and have other op-

portunities to present at RSNA again.
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