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Abstract :

An Electrical Medical Record (e-Karte) System will be developed. This system

utilizes Medical Markup Language (MML) designed by electrical medical recording commitiee

in Medical Information Society. It promotes medical information exchange that helps coopera-

tion between hospitals. In this project, four cooperation systems are planned ;

(1) health

check and medical treatment, (2) hospital and clinics, (3) hospital and pharmacies, (4) clinics

and medical examination center.

Experimental studies using the developed system will be

done in several hospitals, clinics, pharmacies, visiting nurse station, and medical examination
center from June, 2001 to March, 2002. The project details are open on the following URL.

http : //mars.elcom.nitech.ac.jp/ekarte/
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Evaluation of GA Template-matching Method
by Simulation Using Chest Helical X-ray CT Images
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Department of Information Science, Faculty of Engineering, Gifu University
Yanagido 1-1, Gifu-shi 501-1193, Japan
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Abstract : Template matching based on genetic algorithm (GATM) we previously developed is
a method to detect object(s) existing in a large searching area effectively. In this paper, we
investigate the performance of the GATM method by two simulation studies. The first simula-
tion study was performed to investigate potential effectiveness of the GATM for search and
detection of only a detection object put in the observed images. As a result of the first simu-
lation, all objects were correctly detected by the GATM method with about only 10% of
searching iterations required by conventional TM. In the second simulation study, by assuming
that the GATM was used to detect nodules in chest helical CT images, the GATM was per-
formed to detect multiple objects in an observed image. The performances of the GATM
without sharing method, GATM with sharing method and conventional TM were compared.
The result showed that the performance of the GATM with sharing was comparable to that
of conventional TM, and was better than that of the GATM without sharing. Furthermore, we
discussed about the characteristic of our GATM method. From the results of the two simula-
tions, we concluded that the GATM method was effective to detect lung nodules in helical X
-ray CT images.

Key words : genetic algorithm, template matching. chest helical X-ray CT images, nodule de-
tection
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Fig.1 lllustration of overall scheme for GATM method in (a) and an example of gene in (b) representing
3D coordinates (x, y, z) along with selection of template (s).
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Fig.2 Four different sizes of simulated objects (templates). Ti~T.s represent slice images including four

objects (templates) in the center. d is diameter (pixels) of an object.
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O,: Artificial CT image Os: Real helical CT image

Structure of observed image

(512 %512 % 30 pixels)

Fig.3 Three different types of observed images used in the simulation studies. O1~QOs represent slice im-

ages in each observed image.
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Fig.5 Fourteen locations of a simulated object of Ts (Fig.2) embedded in real chest CT images in simula-
tion study (I) (Ps, P2: Hilus pulmonis. Ps, Ps: Basis pulmonis. Ps, Ps: Around mediastinum. Pr~Po:
Around lung wall. P1~Pia: Within lung area.). A detection object exists around the center of the circle

marked in each slice image.

123 (25 1T 1 {4t 7 o e



Qi(Ty) Q2(Ta) Qy(Ty) Qu(T3)

Fig.6 Eight locations and sizes of simulated objects embedded in real chest CT images in simulation
study () (Qi, Qz: Hilus pulmonis. Qs, Q4: Basis pulmonis. Qs: Around mediastinum. Qs: Around lung
wall. Qz, Qs: Within lung area.). A detection object exists around the center of the circle marked in each
slice image.
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Table 1 Results of simulation study (1). Upper sections in each row : detection rate
(the number of correct detections in 30 triais). Lower sections :average number of
generations until the object is detected.

(a) Results for observed image of O, (uniform space).

Around
_mediastinum
Py P, Py Py P Pg P, Py Py Py
100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T' (30/30)  (30/30) (30730) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30)
226 247 278 1076 387 153 557 450 869 272
100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T, (30130) (3030) (3030) (30130) (3030) (30730) (30530) (3030) (3030) (3030)
256 459 297 89 384 525

333 238 583 281
100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
(30/30)  (30/30) (30/30) tEfJO]

'|'3 (30/30) (30/30) (30/30) (30/30)  (30/30)  (30/30)
133 93 80 165

95 115 112 161 185 121
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
(30/30) (30/30)  (30/30) (30/30)

T, (30030) (3030) (3030) (3030) (30/30) (3030) (3030) (30/30) (30/30) (30/30)
69 69 78 132 67 61 112 140 68 91 72 3% 37

Hilus pulmonis Basis pulmonis Around lung wall ‘Within lung area

I:.Il Pl2 Pl] PI-l

100% 100% 100% 100%
(30/30) (30/30) (30/30) (30/30)
380 392 95 174

100% 100% 100% 100%
(30/30) (JOIJOL ISOLECL} (ioe’ﬂﬂi
344 392

80 309
100% 100% 100% 100%

(30/30) (30/30) (30/30) (30/30)
108 102 52 80

102

(b) Results for observed image of O: (artificial CT images).
Hilus pulmonis Basis pulmonis me’:f:::?:ﬂ Around lung wall Within lung area
P, P, Py P, P Pe P, Py P, Py Py Py Py Py
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
TI (30/30)  (30/30) (30/30) (30730) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (30730) (30/30) (30/30) (30/30)
1517 841 2309 1104 661 242 1675 1655 783 635 970 737 139 426
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T2 (3030)  (3030)  (30/30) (30{30) (30/30)  (30730)  (30/30) (30/30) (30/30) (30/30) ‘L"f?’, (30/30) (30/30) (30/30)
314 174 3361 1007 536 135 908 720 519 400 674 357 139 425
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
i (3030) (3030) (30/30) (0/50) (30/30) (30/30) (3030) (30/30) (3030) (3030) (30/30) (30/30) (30/30) (30/30)
643 799 1261 515 652 237 1194 1147 751 511 1349 616 179 556
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Td G030y (3030) (30/30) (30/30) (30/30) (30/30)  (30/30)  (30/30)  (30/30) (30/30)  (30/30)  (30/30)  (30/30) (3030
208 272 823 299 260 84 267 300 313 152 453 289 B2 |44
(c) Results for observed image of O; (real helical CT images).
Hilus pulmonis Basis pulmonis A,mu!’d Around lung wall Within lung area
i mediastinum
P P, Py P, Py Pe P, Py P, P53 Py
& 100% i 100%  100% 100% 100% 100% 100%
T, (30/30) (2930) (30/30)  (30/30) (30/30) (2930) (30/30) (30730) (3030)
3205 3155 2889 1965 2203 586 1824 2993 352 2159
100% 100% 100% 100% - 100% 100% 100% 100% - 100% 100%
T (30/30) (30/30) (30/30) (30/30) (29/30) (30/30) (3030) (3030) (30/30) @ K (30730) (3030)
5754 3556 1110 1143 3635 822 1279 1R05 1152 2630 3981 3902 205 2686
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Ty (30730)  (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (3030) (30/30) (30/30) (30730
) 1901 872 2946 2486 1210 375 1252 608 1048 1487 612 68l 137 762
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T, (3030) (30/30) (30/30) (30/30) (30/30) (30/30) (30/30) (3030) (30/30) (30/30) (30/30) (30730) (30/30) (30130)
3162 1004 827 1111 968 510 545 463 293 1209 1251 560 55 464
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Table 2 Results of simulation study (I) with sharing for observed image of O,
(real helical CT images).

; 7 £ . Around i
5 w
Hilus pulmonis Basis pulmonis ey Around lung wall ithin lung arca
P, Py P, Ps Py Py Py Py P Py, P Pys Py
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T (030) (3030) (3030) (3030) (30/30) (30/30) (30/30) (3030) (3030) (30730) (3030) (3030) (0/30) (30/30)
1 bo e G 2k ol e i
4490 2061 1260 1268 1571 2263 1638 1580 1557 3790 2378 2292 1133 1239
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
T, (30/30)  (30/30) {Jﬂﬂﬂ) (30130} (3(]!1(}) ("‘(}ISO) (30/30)  (30/30) (30/30) (30730} (30/30) (10'30) (SW_]UJ_ (30/30)
) 4524 3541 826 1297 2644 1702 1535 740 3234 2114 2701 [584 1467 1293

Table 3 Results of simulation study (Il). Condition for detection is
Th = fitness (or similarity) .

Conventional TM

TP rate No. of FPs per case

GATM without sharing
TP rate No. of FPs per case TP rate No. of FPs per case

GATM with sharing

Th=03 100% 3760.1 99% 2653.9 100% 337.1
: (160/160)  (75201/20) (159/160)  (53077/20)  (160/160)  (6742/20)
— 100% 1638.6 999 1015.3 100% 3336
(160/160)  (32752/20) (158/160)  (20306/20)  (160/160)  (6672/20)
— 100% 486.1 99% 249.0 100% 266.5
: (160/160)  (9722/20) (159/160)  (4979/20).  (160/160)  (5330/20)
—— 100% 99,1 96% 40.0 100% 794
(160/160)  (1981/20) (153/160)  (800/20) (160/160)  (1588/20)
=0 100% 10.0 89% 2.7 96% 8.6
(160/160)  (199/20) (142/160)  (84/20) (153/160)  (171/20)
=i 100% 0.6 79% 0.2 89% 0.5
(160/160)  (12/20) (126/160)  (3/20) (143/160)  (10/20)
T=iih 100% 0 53% 0 84% 0
(160/160)  (0/20) (85/160) (0/20) (134/160)  (0/20)
=10 100% 0 24% 0 73% 0
(160/160)  (0/20) (38/160) (0/20) (116/160)  (0/20)
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Table 4 Comparision of two methods
of RDTM" and GATM.

Average number of

Detection rate searching iterations

RDTM® 77% (23/30) 300 x 6632

GATM  100%(30/30) 300x95

‘RDTM: “random” template matching
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Fig.7 Graphs showing searching performance. (a) A graph of similarity vs. generation in a RDTM (ran-
dom template matching) process. (b) A graph of fitness vs. generation in a GATM process.
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Analysis of subject contrasts on mammographic X-ray units
measured with a CdZnTe detector
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Abstract : In order to confirm image quality on mammographic X-ray units, an experimental

method using a CdZnTe detector is tried. We attempt to measure subject contrasts which are

the differences of X-ray spectra transmitted through ACR accreditation RMI 156 phantom

(PMMA 45mm thickness) inserted Al objects (0.1—0.3mm thickness) and make a comparison

between measured spectra and similar calculated spectra from other authors’ spectra. According

to analysis of those X-ray spectra that influence the subject contrasts, we confirm that modern

mammographic X-ray units have high quality X-ray beams.

Key words : CdZnTe semiconductor detector, mammographic X-ray spectra, subject contrast,

added and inherent filteration
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Fig.5 Comparison of measured spectra with
HP-Ge by FDA [ 7] and our calculated spectra
transmitted through PMMA phantom (31.9mm
and 47.9mm thickness) (Mo anode, 30kV).
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Fig.7 Calculated spectra transmitted through
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Abstract : Mathematical morphology offers a unified and powerful approach to numerous
image-processing problems. This paper presents a method for automated detection of clustered
microcalcification in mammograms using mathematical morphology. The method employs only
one structuring element to reduce processing time, together with a top-hat transformation act-
ing as a high-pass filter. Moreover, in order to effectively and accurately detect real microcal-
cifications, operations of bandwidth enhancing, square-curve transfer function and postprocess-
ing are also involved. The proposed method is tested with several mammograms to validate
its effectiveness.

Key words : mathematical morphology, structuring element, top-hat transform, microcalcifica-
tion, mammograms
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algorithm.

Fig.5 An original mammogram image.
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Fig.7 The image after bandwidth-enhanced
process.
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Fig.10 The processed image after square-
curve transfer. Fig.12 Final resulting image.
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Relationship Between Pulmonary Capillary Wedge Pressure

Tracing V Waves and Left Atrial Excursion
Obtained by M-mode Echocardiography
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Abstract : Usually, large V waves in a pulmonary capillary wedge pressure tracing are most
often due to mitral valve regurgitation. However, the V wave is often increased in patients
without mitral regurgitation. Several investigators have reported that a large V wave is de-
pendent on left atrial compliance. Thus, we investigated the V wave pressure obtained by
right heart catheterization and the size of left atrial excursion. (LAE) obtained by M-mode
echocardiography using parasternal long-axis view. LAE used in this study were determined as
follows : "LAE"=("left atrial diameter at T of ECG"-“left atrial diameter at R of ECG”)

“maximum left atrial diameter”. The subjects comprised 60 patients with various forms of
heart diseases. Correlation was reasonable between the V wave pressure and the size of LAE
(r=-0.52, p<0.001). This study provides additional information regarding relationship between
large V waves and mitral regurgitation.
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Table 1 Subjects.
n 60
Sex(M/F) 33/217
Age(mean=SD) 49.7+13.6y
Diagnosis
Valvular heart diseases 3
Cardiomyopathy

Ischmic heart diseases
Congenital heart diseases
Plumonary heart diseases
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pulmonary capillary wedge pressure, mitral regurgitation, M-mode echocardiogra-

22 A &

ol EREGEE EME— F oz — 2k Dille L
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AL e S ST i1 2 B v TRENIR T O i o
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irofz. LB EORME L OTHIZ-F L
B CA LB TR R GH L, F 08 % i K LEE
TheL722b o % i LmRaifhofaii & L7z (Fig.
1).
b t).

LAE = (LAt—LAr) / LAD

Tohb, 2L

LAE : /oLl B )

LAt . LER EOTHIZ 5 L BHT oL LpHE

LAr : LB EORMEIZ L 2RI COFELBiTE

LAD | e KA LR
Thb.

IR A A LA 7 —F s X illE L
7. /\Jlr“/'fJ'I‘k'fJ‘l/ﬁ‘”lh_}—bmr\*flifh‘f%}\L,

LAI—LA
LAE= —2 AT 100 (%)
LAD

Fig.1 M-mode echocardiography using
parasternal long-axis view.

LAE : Left atrial excursion

LAt: Left atrial diameter at T of ECG
LAr: Left atrial diameter at R of ECG
LAD : Maximum left atrial diameter
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Left atrial excursion (%)

PCW V- wave pressure (mmHg)

Fig.2 Correlation between the V wave pres-
sure and the size of LAE.

r: correlation coefficient, p: significance level
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Fig. 3 M-mode echocardiography  using
parasternal long-axis view.
See Fig.1 @ LAt, LAr, LAD

Fig.4 Left ventriculography (RAO30° ) in mi-
tral regurgitation (Sellers-grade 3) (same pa-
tient in the case of Fig.3).

Ao : Aorta, LA :Left atrium,

LV : Left ventricle
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Preliminary study for eye movement analysis
on reading clinical radiographs
Suguha TSUTSUMI, Masaki ABE, Takeo SOMEYA and Toru MATSUMOTO'
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Abstract : The purpose of this whole study is to find out how radiologists read clinical im-
ages by utilizing the eye movement analysis with an eye camera. As a preliminary study, the
simple images generated by the personal computer on the CRT monitor were used. A circle
with lem diameter was selected as a signal to eliminatethe influences of the CRT grade and
the observers’ eyesight. The signal with various background noise and various locations on
the CRT monitor was shown to the observers. In this study, the eye fixation records were
analyzed under the conditions such as the fixation angle 2 degrees and fixation duration 100
msec. The physician and radiological technologists working for the gastrointestinal examina-
tions were selected as observers. As the result, every observer easily caught the perceptible
signal in peripheral vision first and immediately caught it again in central vision. When the
degraded images were shown, however, they started searching the signal and the eye fixation
records were varied individually.

Key words : eye movement analysis, medical imaging, observer performance, eye camera
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Fig.1 The photograph a:An observer wear-
ing the eye camera. The photograph b:The
head unit of the eye camera.

Eye Camera system
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“‘E’L‘ES;"Q Image of LED
K CCD Camera

Television Monitor
Fig.2 The diagram of the eye camera with a
cornea reflection sensor.
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Fig.3 The visual density of the image and

the image added with a noise used in this study.

The signal is a circle with 1cm diameter on
the CRT monitor, and the background density
is gray which has RGB 125 each.
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Fig.4 The evaluated data of this study.
@ : Image added with no noise.
B : Image added with noise SD=8.92.
A : lmage added with noise SD=17.52.
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Fig.5 A sample of observer's searching re-
cord.a : Eye movement record. b:Eye fixation
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Fig.6 Observers' searching records displayed with various eye fixation durations and eye fixation
angles to fix how to show the eye fixation records. As a result, the eye fixation duration 100msec.
and the eye fixation angle 2degrees were selected, which are generally used. a:eye movement

record, b :2deg., 100msec, c : 2deg., 200msec,

d : 2deg., 300msec, e : 1deg., 100msec, f:3

deg., 100msec, g - 4deg., 100msec., h : 5deg 100msec.
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Fig.8 The observer's eye fixation record when he found the signal and then searching the other
signals. He is a well-trained physician working for the gastrointestinal examinations.
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Fig. 10 The observer's eye fixation record when he could not find the signal. The eye fixation re-
cords may not tell whether he could find the signal or not. In this case, he was asked.
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Fig.11 Eye movement length classified with how observers found the signal.

. In the case observers found the signal easily.

. In the case observers found the signal easily and still searching the other signals.
. In the case observers searched the signal, and finally found it.

In the case observers could not find the signal.

rEROO

—157— 2 P A05  2 e



Fig.12 Observer's eye fixation records when simple figures were shown as a signal to him.

At the left—hand side :

observer is a radiological technologist.
Record (a) :In case of a circle.
Record (b) :In case of an oval.
Record (c)

Record (d) :In case of a triangle.
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eye movement records, at the right—hand side : eye fixation records.The

:In case of a circle with a mark.
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Fig.2 Threshold for extraction of Dc region.

An example of pectoralis muscle area (M1) whose

density is relatively uniform.

The variance histogram of pectoralis muscle area in (a).
An area to define a threshold for extraction of Dc region. An averaged pixel value in the area (M1')

except the black one is employed as the threshold.
An example of pectoralis muscle area (M2) whose

density is relatively non-uniform.

The variance histogram of pectoralis muscle area in (d).
An area to define a threshold for extraction of Dc region. An averaged pixel value in the area (M2')

except the black one is employed as the threshold.
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Fig. 3 Extraction of Dc region.

(a) An original image.
(b) Dc region extracted by previous method.
(c) Dc region extracted by new method.

*Skinline and the border line between the breast and pectoralis muscle regions are also automati-

cally determined and drawn in white.
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Table 1 The classification performance of previous and new methods
Computerized classification
Previous method New method
A B C D % A B C D %
A 0o 3 0 0 0%(0/3) 2 1 0 0 66.7%(2/3)
Physicians’ B 0 33 4 0 892%@33/37) | | 34 2 0 91.9%(34/37)
classification (o 0 12 75 2 842%(75/89) | 0 5 82 2 92.1%(82/89)
D 0 1 8 10 52.6%(10/19) 0 1 3 16 84.3%(16/19)
Total 79.7%(118/148) 90.5%(134/148)
K 0.63 0.83
x :Kappa statistic
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