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Automated Classification of Slice
Positions for Chest X-ray CT Images:
An Approach by Feature Extraction
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(Received June 4, 1994, in final form July 1, 1994)

We present a procedure to automatically classify the slice positions in chest X-ray CT images
for the purpose of increasing the true-positive candidates of lymphnodes and also decreasing the
false-positive ones detected by our algorithm developed previously. Image features determined from
the position and the shape of vessel and trachea on the CT slices were extracted in our approach.
The classification of the slices into three categories (A to C) was successful by use of the trachea

information. Detailed classification into nine categories in terms of the vessel information was fairly
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good for A and B categories (93%), but it was difficult to classify in the C category, which dem-

onstrates the necessity of a new approach to the C as shown in the following paper of this issue.
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Automated Classification of Slice
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An Approach by a Genetic Algorithm
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We have developed an automated classification method for slice positions in chest X-ray CT
images, which is based on the template matching by applying a genetic algorithm (GA), in order to
increase the true positives and to reduce the false positives of mediastinal lymphnodes detected by
our detection algorithm. Combining the GA method with a feature extraction one which we have
already reported yielded 96% classification rate.
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Fig. 1 An example of slice images in the classi-
fication

(c)

(a) A slice image used as a reference No.4

(b) A slice image used in the classificaiton

(c) A lymphnodes map corresponding to
images (a) and (b)
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Development of Detection Filter Based on Density Gradient

Analysis for Mammographic Microcalcifications
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We have developed a new automated-detection algorithm for clustered microcalcifications on
digital mammograms. In our technique, the vectors of density gradient were firstly calculated within
the area of breast which was segmented automatically. Second, three “circular-shape™ filters were

developed to extract the specific features for microcalcifications pattern from the vectors. The sen-
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sitivity and specificity of our algorithm were 81% and 63% with 0.53 false detection per image for

our database of 100 mammograms.
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Automated Measurement of Ventricular Volumes in MRI
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An accurate and efficient method for automated measurement of right and left ventricu-
lar volumes in magnetic resonance imaging is proposed. The method can be divided into four
major stages. They are preprocessing, adaptive thresholding, 2-dimensional boundary extrac-
tion, and 3-dimensional display and volume calculation. A simulation study using a generated
sphere with known dimension and an anatomic specimen study using an excised pig heart were
performed to validate the accuracy of our algorithm for computerized measurement, followed
by a clinical study of a healthy-volunteer heart. The measurement results were compared to
that obtained with manual tracing by two human experts. Our preliminary results show that

the proposed method provides acceptable accuracy and is clinically applicable.
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The relationship between the number of signals averaged, slice thickness, and image quality
in a magnetic resonance imaging system were assessed using the relative efficiency of transmission,
7., and the conditioal entropy, H (¥), using the entropy method. The value of » is the measure-
ment related to both contrast and noise of the images. H (Y) represents the noise component. The
value of 7 increased in form of a S curve as the number of signals averaged was increased.

By contrast, the relationship between the slice thickness and the value of 7 was approximately
linear. Also, the value of Hx(Y) decreased as the number of signals averaged and the slice thick-
ness were increased.

The evaluation of image quality by 7 agreed well with visual observation. Thus, 7 and

H (Y) were effective for the evaluation of magnetic resonance images.
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Fig. 1 Venn diagram representing the relationship
between input and output entropy, joint
entropy, conditional entropies, and trans-
mitted information.
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ROI 21X21 pixels

CuSO, phantom

Fig. 2 The signal was measured using a region of
interest (ROI) containing 21X 21 pixels, in
the center of the phantom image.

Table 1 Experimental conditions on number of
signals averaged(a) and slice thickness

(b).

(a) Pulse sequence Spin Echo
TR/TE 200/20 (msec)
Matrix 256X256
Slice thickness 10 (mm)

Field of view 250X250 (mm)

Number of signals averaged 1,2,4,8

(b)  Pulse sequence Spin Echo
TR/TE 200/20 (msec)
Matrix 256256
Slice thickness 2.5,5,7.5, 10 (mm)

Field of view 2502250 (mm)
Number of signals averaged 4

NOERITEHE T 5 EEHERT,

4. #& 2

Table 2icEBO o £ —itHO—Fl%K
T ZHUEMEEE 8 Bl & X D[ERHEE RS
YhoE-#RHTH 5, thOFRHFICENTHIE
FRICH T ZE{T - 120

Vol.11Na 3 (1994)

Table 2 An actual example of data matrix and
entropy calculations. Number of signals

Output Y

averaged=8
Input X
5 4 3 2 13
414 1 1
415 1 1
416 3 3
417 6 6
418 13 13
419 14 14
420 14 14
421 44 44
422 34 34
423 47 1 48
424 55 3 58
425 42 3 45
426 38 7 45
427 41 1N 52
428 26 20 46
429 17 33 50
430 20 29 49
431 12 39 51
432 7 35 42
433 2 34 36
43¢ 2 37 1 40
435 2 35 10 47
436 31 13 44
437 33 12 45
438 27 28 55
439 24 29 53
440 14 27 41
441 13 35 1 49
442 8 36 44
443 2 40 42
444 1 4 1 43
445 38 3 41
446 1 40 12 53
447 27 12 39
448 21 18 39
449 19 24 43
450 8 35 43
451 7 36 43
452 3 39 42
453 3 49 52
454 2 38 40
455 140 1 42
456 24 3 27
457 3 5 35
458 29 11 40
459 20 10 30
460 8 25 a3
461 11 32 43
462 5 42 47
463 2 46 48
464 2 38 40
485 1 36 37
466 1 41 42
467 34 34
468 25 25
469 28 28
470 24 24
47 12 12
472 9 9
473 6 6
474 6 6
475 4 4
476 3 3
=111~—



b3 446 445 443 320 422 2076

Mean 4245 4337 4432 4535 465.0

SD 361 412 401 400 398

SD:Standard Deviation
H (X) = 2.322 bits, H (¥) = 5.776 bits
H (X.Y) = 6.332 bits
T (X:¥) = 1.766 bits
Hx(Y)=H (¥) -T(X;Y) = 4.010 bits
n=761%
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HOMMOESREDT S, 0T LF, 7ific
B35 FBREOFEE TS E 5, £7cH(Y)
DEFRA 74 RAESDOHINE & bITRDT 5.

Fig. 4 ICAEMIBEREERE LTITEDOTH
4 SNR B L CNR (Contrast-to-Noise Ratio) @D
MERERERT . AEMIZMITEE 1 Bl TR
FAREX 25 mDETESRELLI, TTTD/

100 75
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[ Hx(Y)
- 1 /5
x S
~ 50| 450 o
. £
[ 7
0 2l i M L PR W S WY 25
1 2 4 8
Number of signals averaged
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(b)
[ Hx(Y)
- | =2
z
X st 150 =
o
& <
e ad
n
0 NI S — 25
0 5 10

Slice thickness (mm)

Fig. 3 Relative efficiency of transmission » and
conditional entiopy H (Y) versus number of
signals averaged (a) and slice thickness

(b).
3
(a)
22t
g CNR
2
=
el SNR
0 il i i i i PR T Y
1 2 4 8
Number of signals averaged
4
(b)
23r
= CNR
-
2
g2r SNR
¥}
o
1k
0 . 1 A L
0 5 10
Slice thickness (mm)

Fig. 4 Relative contrast-to-noise ratio and signal-
to-noise ratio versus number of signals av-
eraged (a) and slice thickness (b).
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DB MR #i{¢% w4, Fig. 4 8L UFig. 5ick
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75 |10 BRI

(b)

o7

Fig. 5 Comparison of clinical MR head images.
(a) When number of signals averaged =
1, 2, 4 and 8.
(b) When slice thickness = 2.5, 5, 7.5
and 10 mm.
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In this paper, the classification of echocardiographic images is studied by making use of some
texture features, including the angular second moment, the contrast, the correlation, and the entropy
which are obtained from a gray-level coocurrence matrix. Features of these types are used to clas-
sify two sets of echocardiographic images—normal and abnormal (cardiomyopathy) hearts (18 and

13 samples, respectively). The minimum distance classifier and the evaluation index are employed
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to evaluate the performance of these features. Implementation of our algorithm is performed on a

PC-386 personal computer and produces about 90% correct classification for the two sets of echocar-

diographic images. Our preliminary results suggest that this method of feature-based image analy-

sis has potential use for computer-aided diagnosis of heart diseases.

Keywords: image processing, echocardiographic images, pattern matching, cardiomyopathy
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Fig. 2 (a) Explanation of how to construct a gray-
level coocurrence matrix; (b) A layout of
a gray-level coocurrence matrix.
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Fig. 3 Effect of preprocessing. (a) Original
image; (b) Preprocessed image using the
histogram equalization.
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(d)

(c)
Fig. 4 An example of abnormal case (cardiomyopathy). (a) and (b) are images at
end-systole and end-diastole, respectively. (€) and (d) are subtraction image

and summation image, respectively.

Table 1 Evaluation indices of the normal and abnormal
hearts (cardiomyopathy).

end-systole

end-diastole
Q, Q, Q, Q Q, Q, Q, Q
normal 0.21 29.26 -0.50 9.54 0.18 38.39  -0.51 9.84
abnormal 0.29 19.24 -0.52 8.74 0.31 19.58 -0.52  8.64
subtraction image summation image
Q, Q, Q Q Q, Q, ©Q, Q
normal 0.08 82.83 -0.51 11.02 0.21 34.88 -0.51 9.64
abnormal 0.08 64.16 -0.50 11.13 0.29 18.89 -0.51 8.67

=1Z1=

Vol 11No.3 (1994)



12 70 K% TH -1 Fig. 6 I ESER(a)k NI
TR (b)D KBS R AR T RO 2 Kok
7ZRid, MAAO IV 7R FEEARO 2KE
— AV ThHb. HRERZ, ThEns4%E 87
HBTH -1z, DREAWIE RS HRA BB G 55
RiCHi Lo B s AV B8~ T,
ENEGE - 3MEBESOEZFERERVZ
5h, HIEORVHBIEREBLIENTEL,
Fig. 5 & Fig. 6 i3, RERLETIZHRT L L
EH 2 BRI BERED 5 ERICHY L, HERE
BOBRKA15 THLHEDERTDH 5. HREH
3EFICHLTIEAR, EREREHSZHD,
ZOBENFEEAEBRNITV, L LI R
M4 LT kb0 T 5L, BROABOH
DEZORMARRTEIN(LBLEELLN, T
NODEOFIEMNBLTHLLEVA S, BRERS
BOBAMSEV ZEEBHIOBROFEEE
RHELTOE0T, HElIZRE53TTH S,
L L, AERTREAKD 10 £15 D@ VIFZ
LAEB LN, ZOEHII, BREEMSE(LL
Tbd, LOEEORERE - BRAKTIIREILET
FlpsiziEE CEmETR L, T OREXETHNS
KEBHABOREAEELLBEVDSTHD L
EZ b, BAEEEZ LAF S LHERITHOY 1
X LB R ASE L ML, BABELLCL
BEDEHBOBUELRBRL 20205, KR
BT 10~ 200 BEHSBYTHEL VA B,

Lt ¥ U

OGRS B B i & A R O BEOZW 217D
E, oL — ZHOESERLEICLD,

—=122—

ABTREBI L WERNGSESFEAME L, &
HEICIBHT 21200 1 2 OFFEERL 1. I8

° Normal
Recognition Rate: 69.2% * Abnormal

Q,( END-DIASTOLE)

02 0.3 04 05
Q, (END-SYSTOLE)
(a)
° Normal
Recognj tion Rﬂte H 5? ' 81 . Abnormu'
sl /-
i * 9,
= o o7
— o
2 . se c
— 40} o
= i
Q' s . ,/
| e
o .S -
20 L* L ] : R ) L
20 40 B0
Q> (END-SYSTOLE)
(b)

Fig. 5 Classification results using the minimum
distance classifier. (@) In the case that the
feature of image uniformity expressed in
terms of angular second moment is used.
The recognition rate is 69.2%. (b) In the
case that the feature of contrast is used.
The recognition rate is 57.8%.
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