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SUMMARY

Early diagnosis of lung cancer from xray radiogram using
digital-neural technology.

We have developed a data-driven and a feature-driven hybrid, digital-
neural, diagnostic computer-based (N. CADx) processing architecture for early
detection and classification of small size cancerous lung nodules (as small
as 3 to 5 millimeters) found in digitized chest radiographs. The developed
N. CADx architectures employ digital image processing and image enhance-
ment techniques for the localization of suspected nodule areas, which sub-
sequently are classified by trained neural networks. Our N. CADx architectures
were tested and have demonstrated over 809, sensitivity and 709, specificity
(approximately 1.5 false-positives per image). They are flexible, extensible
and problem independent, and therefore more generally applicable to a wide
variety of medical and industrial problems of difficult diagnostic tasks in
cluttered 2D environments. The research effort is continuing with architec-
tural improvements to reduce the false-positive fraction while maintaining
high sensitivity and with wide range field testing.
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Wnpiakr enegepyacia akt/giag

Wnplakn akt/pia Owpakoq

P4

EvTomniopog Twv opiwv Avaodelglg oykidiwv
TWV TIVEUPOVWYV ‘ OTOUG MVEUHOVEG

[ Avalnmnotg Ynontwv Oykidiwv (SNAs) J

Y

4 [ AnoBopuBoroinon e£lkovwv SNAs J

Y

SNAs yia veupwvikn enegepyaoia

*Avddeifig dyndiov.
Eixdva 3(x)

A synthetic
nodule of
spherical profile

...............

) Subtracted
chest image

Median filter

Eixéva 3(B)
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Detection of Lung Field

Find approximate locations of lung boundaries.
’_‘\

.
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yyec dnéntoy dyndioy

1. Duoworoyixés dopic I1. Iafoyéveg Sopig
Rib-crossing (RX) Granuloma
Rib-Vessel (RV) Tuberculosis
Vessel Cluster (VC) Histoplasmosis
End Vessel (EV) Fungal infection
Rib-Edge (RE) Hematoma
Bone (BO) Arterio-Venous
Vessel (V8) malformation

Eitxdva 6

PREPROCESSING

Background
Correction

Remove
DC component
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Training Set (Part a)
scale 1:2 (pre - processed)

2

3 4

&

5

6

7 ¥ 2 3 :

1 2 3 4 5 6 7 8 9 10

Zewpde 1-5 xol oyxido (6,1) elvar «truen. Ta Omérouma civan «falsen.

(4,10) — dim nodule with high intesity vessel line and rib

(1,6), (4,4) —  nodules with clear background

(155)5.(2,2) —  nodules between ribs

(2,7), (&,7) -

(4,6), (4,8) — nodules part ov/lapped with rib

(4,9), (5,1)

(7,10) —  candidate for false-positive classification

(6,4) to (6,40) —  ribs & rib crossing cases

Eixdbva 8(x)

Training Set (Part a)
scale 1:2 (original image)

Eixévoe 8(B)
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INMOKPATHZ-1tv

NeupwVIKT eneEepyaoia
TWV UTIOTITWV OYKLOIiwv SNA

nAaiolo unoenTou oykKidiou

A L

—

( in BaBuida CNN |

e

0 w95 B 41 100 /o —3
g : ' é',_,,@ ~d M16ANOTHE
R |oXi |85 |19 nal | NA
vy it s
W
<4/
~ ' \
Kza BaBuida CNN
! l |
oxi / NAI

Eixdva 9
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Output Layer NZ neurons

H i
: i
| ; . ;
t _Classification Stage Folly Conineiion i
: o ® & o e o o o 1L~ Nc‘]. hnks :
: Classification Layer 2 - =Q ' i
{ NCjneumns / s AT TS :
| Classification Layer 1 k. i s Fully Connected !
077 T T T SO .. . LL2 N p links__i
R e T Lo o e s e S i o (- SIS (o e ol e FRGESH (0 B5y ]
_Convolution Stage . ) i
b i

) Hy j / S Hy 5
Convolution Layer q o £ 1 l | 0 :

1 L2 neurons / NEN \}\\\ - :

: | N NN 2t

i ¢2 independent links D S JL#is“ links;

iy P ) I \\\\\\ Sl :

/ ” = o o 6 o0 0 o N :

Hj i . o Jl Hz.i i

s > ;

i P2 neurons :

ip2.12 i
in k2 independent links \ iP k=

t
!
I
!
!
!
!
!
[
l
!
!
!
!
l
l
!
!
1
[
{ Convolution Layer 3 s p s P
]
[
t
[
|
[
!
!
t
[
[
[
t
[
[
!
l
|
t
]

links
H) PANN i Him
Convolution Layer ] e\ N k N :
n N2 neurons :
L~~~ 2tk% independent links’ , n N2 k2 Jinks
Input Layer /
Suspected Nodule Arca (GBS M

M x M neurons

The general architecture of CNN

Eixdva 10



Histogram

IYNEAPIA THX 20 OKTQBPIOY 1994 143

ROC Performance Measure

True Fale

13
I3

E: True-Negative (TN)

False-Negative (FN)
. False-Positive (FP)
* True-Positive (TP)

Number of outputs

0.0 {05 ' 10 Probab.
negative < *c B positive Output value

v

True negative fraction

o
%

(Specificity)

o 10

E z
£ os 3
) (¢}
£% a
2500 &
S 2 =8
[ DI} o
2 50.4 =
e 2
g :
L =
g

=

00+ - -
00 02 04 06 08 10
False positive fraction (FPF)

Eixévae 11(x)
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0.8

weadlogepgeg feauing g gig g ]

o
o))
1

o
KN
|

True positive fraction

&
NS

Lae gq i g asd sy

0.0 0.2 0.4 0.6 0.8 1.0
False positive fraction

©
o

ROC performances of two-level CNN (Az = 0.8701) and the first level
one-hidden-layer CNN (Az = 0.8064).

Etxdvo 11(B)
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