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ABSTRACT

The methods we proposed is the Dot-Filter and Region growing for the detection of solitary pulmonary nodules.
Firstly, Two-dimensional dot-filter is constructed by using Two-dimensional Hessian matrix, and is used to detect
the solitary pulmonary nodules. For the CT values of the vessels and airway do not conform to Gauss distribution,
lots of normality treated as nodules will emerge after the way used above. Finally, we use Region growing and
Tree-dimensional Hessian matrix to eliminate the false-positive. It is a method with high speed and high accuracy.
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INTRODUCTION

Lung cancer is one of the most common cancers lififeuand the rate of incidence and mortality ofigf cancer
increases rapidly. Among all kinds of cancers l@agcer is the leading cause of deaths all ovemthiel, and
someone forecast that there will be 5.5 milliongdeawith lung cancer, among which there will be élian people
died by 2020[1].If the lung cancer can be discoderarlier and treated in time, the patients are &bkurvive more
likely[2]. Lung cancer is lung nodule in the eatlyne, so, it is especially important for the patgeto receive
detection and diagnose early. When a radiologistescthe CT images, he will have to read a largeban of
images, and unfortunately he will overlook someglurodules. Thus, using a computer-aided diagn@ADY|
scheme to detect lung nodules is important becafigecan provides radiologists with the informatiof the lung
nodules in the CT images, helping the radiologiatgee much time.

The computer-aided diagnostic (CAD) scheme cancti¢iie solitary nodules automatically in the lundnponary,

decreasing the miss rate. But for solitary nodwdetection, the current methods are not satisfyingugh. A

simplified model based on level set method(refeteds the C2V model),proposed by Chan and Vasebied

the maturity theory of level set method ,resolve thvolution of the curve, still remaining the adtzye of the
diversification of adaptive topology of level seéthod, is suitable for gradient and no gradient@mandetection at
the same time and is easy to visualize and fastargence[3].After the C2V method has been put fodwa lot of

research and application are achieved, and marmjessthave studied the object’s segmentation auking based
on C2V model of constrained shape. But most stuckesonly extract the trained-shape and can oraetxone
target from an image [4].Some other methods suclkthasmethod named Dot Filter, extract solitary redu
However, the solitary nodules extracted include yrfalse positives such as parts of vessels andrtss section of
two vessels or even more. The reason causes ttatithe nodules and vessels in the lung image doteconform
to Gauss distribution, but be supposed to confanGauss distribution. Documents [5-7] use Tree-dsmnal

Hessian matrix to extract objects, leading to thygearance of disconnection of the vessels.

In this paper, we propose the method of detectfoBaditary pulmonary nodules in a two-dimensiondl {thage
Based on Dot-Filter and Region growing. The methoddetect solitary pulmonary nodules consists air fo
steps .Step 1, because the dot-filter does not wetkwhen the original image has noise. We usesSian function
to convolute with f(x, y) which represents an anggiimage. Step 2, with dot-filter constructed twptdimensional
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hessian matrix constructed by every pixel f (injthe image we obtained in Step 1 we extract stsdenodules.
Step 3, we use the suspected nodules as seedjfon growing based on the gray scale defined 18p.8f we will
use all the images obtained in Step 3 as threerdiimeal data for detecting solitary nodules wittethidimensional
hessian matrix which is similar to two-dimensiohaksian matrix in Step 2.The flow chart of the rodtis shown
in Figure 1.

The original images

¥

Processing original images with dot-filter

!

Suspected nodules extraction

!

Region growing

!

Detection of solitary nodules
with three-dimensional hessian matrix

Fig.1: the specific flow chart of the method detecting solitary pulmonary nodules

DOT-FILTER CONSTRUCTED BY HESSIAN MATRIX

Qiang Li [8] proposed that using hessian matriga@astruct dot-filter can effectively extract ddtdiobjects. To the
medical CT images, it is more effective enhancenaéribcal structure based on the shape of organizaOn
two-dimensional images, use the dot model confortne@auss distribution to represent a nodule a$ agline
model, the equation is:

dix,y) = exp [~ 20 (1)

o

16ey) = exp { -} @

Here, d(x, y) is a dot expression consisted of a&dissian function represents dimension of therdat Gaussian

function. According to the variety value efwhich represents the scale of dot and line in Gausfunction, we
simulate the image of Gaussian function d(x, y) lxdy) as Figure 2:

Fig.2: Simulated model of Gaussian dot

For an original two-dimensional image, we use ésofd derivatives to design our enhancement fileuppose a
2D image f(x, y) has four second derivatives repnésd by fy, fiy, £ ,and fi ,where £, =, its
two-dimensional hessian matrix H of the pixel ie tmage is shown as follows

S .
=l @
e By

Supposi;, A, are the eigenvalues of H, and satisfied that &bsi¢ bigger than abi). if |,I<IA;|,exchange
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them. The two expressions below mean that themtbtiae relative tola, |, |3, | must satisfy.

-:lu:ut:_?'n.j_=5'n.:=—'__l—l:~=:ﬂ 4
Ltne:ll=—$-=:n,,1:=n (5)

Qiang Li [9] proposed an effective enhancing -filkhich has two criterion:
(1) Sensitive. For example a dot-filter must havacate output when a dot area with a good sensgiugput. We

use g L. ;) =Ix;| denotes the Magnitude Function, which is relatiii the sensitive. Then we can find that to a
dot g (4. %;)>0 and to a line g#{. ;) =0.

(2) Specific It must have a transparent good resuinhance the specific area such dot-filter sh@mhance dot
area and meanwhile restrain the line area. We y@e. ¥;) =11, //I,| denotes the Likelihood Function, which is

relative with the specific. Then we find to a d@¢i.k},)=0 and to a line k. #;)>0.

Thereby, we construct dot-filtew =g (A,;.4;) k (&,.};) according to expression (4) to enhance dot arehs lung

image Wheni, = &; <0, the pixel (X, y) is in the nodule. We define thia¢ final enhancement filter for dot is
expressed as [10]

we=20 3 <0 =0, ©)

Aq

wy =10 others; (7)

As the scale of the lung nodules is different betweach other, we change the value of Gaussian function. The
detail of extracting dot with multitude scales ot éilter is:

(1)Conform the range of scale of the nodules inirteege and compute the valuecof
(2)To everyo, repeat (3) ~ (8).

(3)Gaussian function convolve with 2D f(x, y) above

(4)To every pixel, repeat (5)~(7)

(5)Compute H and its two eigenvalues

(6)Computewy

(7)Stop computing

(8)Select the maximum oty

Now we first try it with Figure 2, and the outpatshown as Figure 3 A and Figure B

A B
Fig.3: A) enhanced with one scale B) enhanced with multitude scales

Figure 3 A: enhanced with one scale. Figure 3 Biaeoed with multitude scales .According to Figuyee3can
easily obtain that dot-filter with variety value ®hot only extracts all dot model, but also elimagathe lines.

APPLICATION OF DOT-FILTER CONSTRUCTED IN 2D IMAGES
From now we will apply the Dot-Filter constructeldoae based on Hessian matrix to lung CT imageseffiwent
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of that is shown as Figure 3.Lung CT images arerdéfd by one big hospital for experiment of lunglues
detection based on Dot-Filter and Reign growinggué 3 A) Original lung image B) image convolvedthwi
Gaussian C) enhanced with Dot-Filter. The arrowthénimage A denotes the nodule diagnosed by agisil

Fig.4: Detection of the solitary nodulesin a 2D CT image enhanced. By Dot-Filter
A) Original lung image B) image convolved with Gaussian C) Enhanced with Dot-Filter

DOT-FILTER CONSTRUCTED BY THREE-DIMENSIONAL HESSIAN MATRIX

For an original three-dimensional image, we useétond derivatives to design our enhancementsfil@uppose a
3D image f(X, y, z) has nine second derivativedvits-dimensional hessian matrix H of the pixel lire image is
shown as follows

Fiee FH}.-' fiz
H= F}'x F}'_lr F}n (8)
fox oy fz

Similar to two-dimensional hessian matrix, we sugé,, %, #; are the eigenvalues of H, and satisfied
1| == 13| == I3 IThe three expressions below mean that the spheeealid plane relative t8 |, I3, and
I%; Imust satisfy.

gphere:d, =4, = 4; = 0 9)
lingidy =X <0, &, =10 (10)
plane:d, <0, A, =3, =0 (11)

To enhance sphere area in 3D CT image, such adespdue also construct a dot-filtez,; that is similar towy
described above

2o ) =20 i A < 0% <00 <0; 0 others (12)
Ay

The flow is also similar to that for dot-filter csinucted by two-dimensional hessian matrix above(8).The
application on 3D CT images is shown in Figure 6.

PRINCIPLE OF REGION GROWING
The purpose of segmentation is to divide the imageseveral areas. We use R to denote the tota af the

image. We then suppose R consist of sub-domairsas#g, F,,» R, which satisfy [11]:

(a) ViziRi =R

(b) R;is asecutive area, of which iis 1,2,--.n

(c) Mg By = 0.among alliandj.i=]j

(d) P(R;) = TRUE.i = 1.2,.n

(e) p{U B R]-} = FALSE, to any attached area R; and R;

Of which P(R;) is defined to be a logical word, arg@l is empty.
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ANALYSISAND ACTUALIZATION
Method of Reign growing firstly needs the origisaled, then combine the pixels around of which tte@shold is
similar to them with them.

There are three factors affecting the result of iRegrowing: selection of seed, rule of region gimyvand

condition to stop region growing. We define thaalifs (F(i, j)-K)>=0,the region growing will be stmgd..F(i, j) is

the value of the other attached pixels around #émter pixel of the nodules extracted above. K ésttiveshold that
is defined 130.Figure 5 shows the effect of regjoowing.

A B
Fig.5:  A)theimage showing thewelding defects  B) connectivity analysisresultson seed point 8

APPLICATION OF REGION GROWING AND DOT-FILTER

With Region growing using the suspected noduleseasls we obtain the image Figure 4 (A). Then weaeithe
solitary lung nodules according to the scale ofribdule shown in image Figure 4 (B). The diamefethe lung
nodule changes from 3mm to 30mm.At last we usefitlet-constructed by three-dimensional hessianrimab
extract nodules shown as Figure 4 (C), which cagrawe the efficiency and accuracy of the detectibpulmonary
nodules. By using Region growing we can save mimé tvhen we use Dot-filter constructed by threeetisional
hessian matrix and reduce much work.

C
Fig.6: A)imageafter using region growing B)image after eliminating the line-like shape C)image after the dot-filter based on
three-dimension hessian matrix D) solitary pulmonary nodules displayed in the three dimensional image

CONCLUSION

In this paper we first use Dot-Filter constructgdTvo-dimensional Hessian Matrix to extract doglikegion, then
Region growing and Dot-Filter constructed by Thdémensional Hessian Matrix reduce false positividziough
large numbers of experiments it prove that Regimwing saves much time when we use Dot-filter cacsed by
three-dimensional hessian matrix and reduce muak while extract solitary lung nodules well. In theéure, we
will be concentrated on extracting the lung nodulestacted vessels and GGO lung nodules.
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