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The purpose of our study is to apply a neural-network technique to detect changes of tra-

becular patterns due to osteoporosis on skeletal radiographs. Regions of interest (ROIs) (64x64

pixels, 6.4x6.4mm?) near the center of the vertebral body were extracted from digitized bone

radiographs. After the background-trend correction was performed by a curve fitting technique,

texture measures were calculated, such as standard deviations (total, horizontal, and vertical

directions), maximum and minimum pixel values, and conditional entropy, which were used as input

data to the input layer of the neural network. The network was trained with a back-propagation

Vol.10 No 3 (1993) ~ 13—



algorithm to discriminate textural differences between the normal and the diseased cases (2 out-
puts), or between the normal, early stage, 1st stage, 2nd stage and 3rd stage (5 outputs). A data
base of 44 bone radiographs was collected. Half of the cases was used as the training set, and
the other half as the testing set. The neural networks with 2 outputs and 5 outputs correctly

classified about 86% and 66% of the cases at maximum, respectively. It was found to be most
difficult to detect the early-stage image data; the correct recognitions of about 95% and 76% at
maximum were obtained for 2 outputs and 5 outputs cases, respectively. Our results suggest that

the neural-network analysis is useful to discriminate textural variations of trabecular patterns and

is effective for computer-aided diagnosis system of osteoporosis.
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Restoration of Blurred Images
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Neural-network approach to the restoration of blurred and/or noisy radiographic images is
presented. Basic study was performed using a flower image, which was blurred by a Gaussian filter.
A multi-layer, feed forward neural network with a back-propagation algorithm was designed to restore
the degraded images. The effects of the network parameters, such as the number of neurons in each
layer, on the restoration capability were experimentally investigated. The digital image restoration
system based on the neural network was successful to improve the image quality with optimum net-

work parameters. The structure consisting of 5 X5 input neurons, 10 hidden neurons, and one output
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neuron was most effective in our study. The network applied to the chest radiographs also showed a

good performance. It was found that additional noise decreases the restoring capability. The prelimi-

nary results demonstrate the potential of an artificial neural network to restore the degraded radio-

graphs.

1. [ZL&IC

fER S N BERIE, iR - FoR - CRRICHFE
THRrPREELEOERICL > TEEMHILT
%, ZOLS HHLEGDEE (restoration) O
HEELT, H7 4089094 —F 74 070C
saFuEmEmTHs ) o 24, HOSE,
HMAEE L7 c vy itk B FEE, Rl
BRELTW52), LhLl, —BCEESLOE
FALhEEL <. IEHICEE L TREES LEBOR
PR A T ABENTH L LESBY 1) | mE
ROBHPHAE S 1ZHHE, H50EH5EOR
EOBTEDLED, HHHE OEITIIERF IR
LBRMERLE (HFETHIHRIRTH 5.
REFEEEFATV S =a—F NGy b7 =7
DB FEF~OILRIE, Ny — vBBICETE b

112

(a) Whole Processing

/\/\

f‘

lHi
lHE

(b) Block Processing (c) Pixel Processing

Fig. 1 Three methods for neural-network (NN)
image restoration. Whole processing is
ideal, but block or pixel processing is prac-
tical at present.
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are used for training and processing, re-

spectively.

=122~

¥7n7F—% (RGB&BEY b, 500%3627 b
Yy 72 R) Mo, 128%128% b1 v 7 ROHEEKE
FUVARF=NB8Ey PIZLTHOWHLIGDT
Hb, SSEEY 7 by THEBD MEHL) 7
A VT IREDER L7z E g%,  Fig. 3 (b)
ZRd e TDEML7 4 v% i3, ErfllED &2
T H I AR HEMEKOEAE S TERLT S
ZANITHY, TDONFTA—FELT, ¥R
0.8E7€LE LI, BB, KRXTRTTNT
DEHERBEFA7) YIHAIRLBEbDTHY,
ST L SRRPREICREAINTVWA LRI
WZEEMRELTEL,

Dl ( Fig. 3 (a) ) »5id. ¥BAD
Hihmg (GRS SOUEHOMEEE (Ed
#453) & L TR - D64 x64= 1) » 7 2
DEBEROHEL (L, —BEHES L) ,
7, K ( Fig. 3(b) ) o, #HHE
(# La#BsY) LA (HhEs) iczhEhi
BTG L 72 fRI D64 X 64~ b 1) v 7 R D@
ZHOM L, ERITHOW,

222 BMRBXBEROGH

S X RER~DIEAE LT, CRITK->THE
% &N 722000 20007 kY v 7 R TI0E v b+ OB
HAELOBEREEH L1, ThiMs| :nick
>T500%500% k1) » 2 X T8 Ey F DREHICE
L LTERIZH W ( Fig. 4 (a) ) » F7 K
DRI DT}, TEDEREFLLSiT, [ED
L (H9R) | 740l ->TErX AT
f2 ( Fig. 4 (b) ) o ¥, ZDLXITMI
FA-FBFFER0LEE7ELTHB. LT,
Fig. 4 (a) DOEE&ED SHHOGH (ZEMEF)

B i S R 2 ST



LR LM (HEF) D64x64<7 b)) w7 AD
B, FhEFNHMEmEE & MEEH OEEEG &
LTEO L, $7#, Fig. 4 (b) OF g
SHIST AMRRERO ML, 2hzh¥FEALA
FEf D ANE&ICA W 1o

fEoEBIc L AHEBREELLDIT, =a—F W
Fv b7 -7 OWERIF/WED bOERL, ¥
7 2 WA RLT - foo TDASIEIR25L (5 X
5OAN=TAI 44 X) , @320+, HA
il end L. —BOERICENT, BRT
—fk=a—FNFy bT—2 THOHS EEIT,
RO XS i €7 e VvEEIERLT 248D H 5,
Ll e s i, 13130~ 255 FTHAL
TWiDT, 0%0iC, 255% L.0ICHIESHEHT
EBMEL #2h8, RS X Rl TR, {EoEf e
Frpav b 72 rHFEFCELS, BLE 150 ~
230 OEICAH LTV, - THREXHEET
12150 % 04z, 230 % 1.0 o in & # TIER{E%E
T, ERRICH W,

F1, RICHERTIE, 0/ 1 XDBEET S
LEORFAEOMBERIT LI, §4b5, =
2= F NGy T —FICANTHEERELT, L
R Ut HrEgIC, 4 XAEMFMLT, 5 &4
XD HHBD - 1-BigEED, EBEIT-7 T
DE MW M/ AXMMT 4 vd” 1R, RO
photoshop 1L NETLA, Thid/ 4 XDE
2w ABHAE ST RRTHICHE-> TN H7 4 v
YT, ZONFA=FE/ 4 XDE T £ VEHROD
ERREETHD, TTTIRHB8ELI, TDLEE,
M@ D & 7 & At 131313128 ~255 D FPHIC 73
fil7otzsh, 128 % 04T, 255%1.0xHG & €T
IEH{EAITV, EBET - 1,

Vol.10 Mo 3 (1993)

3. BRLEER

31 TEEHRICIIERER

ATED £ VEORSHFER I, 2521 (5x5)
DEEY, o LbRVWLEBERTH -1 AT
Boerfiéid, REBLESETEHEE €L
OEAD=2 744 ZmD 2R/THO, FrEiE
OFrOEAD I L TERET ZHENS S &
Bhbhbd, ¢ibb, £rEkE0iEs, L=
2 9 DSHEITIE B

F1, PlEEO L VOB TR, 1022, 20
v, 30 vOEICH LT, BEALEHOE
fbidd ontshd -1, 2L, BRI, i
E10erodl EhRbEL BFTHS. T,
thRIE10& LD & EDIZH A, PREFE20+4 430
LD EFIENT, £ E ) LOKEOREN
Wiz 150, FHEMAEL B 5P 6 TH S, £
o BT NE 2 —F Ry P T—IDF—F
B (sl E) 0155, PlAE, PRE
0D EEDENVED LOFEESOREIT, 25
30+30% 1 =780 &4 5DICH~T, $iEE10+
[— ‘ﬂ-gg-.'
& . i;g
e | Lol

(a) (b)

Fig. 4 Original (a) and blurred (b) images of the
chest employed for an application study.
The regions in the right and left square
boxes are employed for training and proc-
essing, respectively.
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(f)

Fig. 5 An example of flower-image restoraion using the neural network.
(a) and (d) are blurred images for training and processing, respec-
tively. (b) is a processed image after the training of 1000 itera-
tions. (c) is a "teacher" image. (e) is a processed image using
the trained neural network. (f) is an "ideal" image.

(h)

Fig. 6 Effects of training on the quality of flower images. (a) and (h)
are blurred and ideal images, respectively. (b) to (g) are processed
images after the training of 1,2,10,100,1000, and 10000 iterations.
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(a)

(e) ' (f) ' () (h)
Fig. 8  Effects of training on the restoring capability of chest images. (a)
and (h) are blurred and "ideal" images, respectively. (b) to (g) are
processed images after the training of 1,2,10,100,1000, and 10000
iterations.

(d) (e) (f)

Fig. 9 An example of chest-image restoraion using the neural network.
(a) and (d) are blurred and noise-added images used for the train-
ing and processing, respectively. (b) is a processed image after
the training of 1000 iterations. (c) is a "teacher” image. (e) is a
processed image using the trained neural network. (f) is an "ideal”
image.
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