£7 t&-"'ﬁ Zﬁ:

S PP SRR L4 1
‘5‘».\1&‘9‘5'.'.‘3\.36“&}&}“4€4ﬁ)ﬁﬁj@)éud}:}s&bu

bl e

el sl

55 shexl Lo e 2SS

W4 ol s






9, e b
‘%L’u“ﬂiﬁf}
Sl 5 e ouSisl

S92l og,5
s g (8L b Fhe S Ay oz wolai jo b Jgoe o lwll

bl g 1gzmiils

Lol ol

o)é ngl Laficffo

)5Lw.a .)L.w‘

290 L) Sl 50

Ayl cwlils )IS a5 A3 Cg oyl el o)LL

YA+ ol

<



‘5”&)453 s.‘.n

248 Slpse adS 908 ol 158 GBI Ol (ol 5 slesaly sliwl Slasj 5l wslo oo p3Y 095 5
S prie odlgls | iz pa mled (Jloja8 5 Si5 iS5k e el bl ol oy o8 @

Sl 325 Wlodgy (IS 5 ple S ol 53 (e Lty 5 Boie 0)lgen



CT polas 5l (Jgo99) G;LL:)M S5 slosg Sogs g5lwlas g G,Lwl.w o 4.l L)L’L, Q—.’.‘ 4

dw Jold gattcms iz )00 05wy plbw ple 095 (aSiS (0 A ABlige (5 e dni

CT ST )39.»44 ‘Glaé LS’L) 090 SeS 49 awls 599,39 )JsLGJ )39_» )‘ U&A‘ KCS i J?‘ 41.>)A 5o
1 shie ol Glp oedioe i peas sbedl ple o4y, cdl Bl s il Jobaie
UJ; ).]aa o l) B [V-""o}'“ oolazw! )‘M LgLibUw)J uLC)'Ua‘ 9 CT LSL‘DL}“’)’ LS:L».M:s) ﬁ‘;w

e 263 e <80 L ay, 8L 6599900 Ol g odwl sy 4>l K96 e SRy

Aty

S lap] plulid 4, Bge b gl (olids; Gad alas 5 laJsos Dglite ojlail 4 azg L
Sad p edle gl silu laz ;0 CT oz pglai jo laJsog (o9 63,5 4 azg b adbo
6lad o oulid IS (giie slatg) el palas oo oolattnl 53 28l pwaie SO 5l oLy,
59 A (6 s loy Bre piliis (gl Oledlbl ol e o 4 a5 Wigd o 1)l (gom A
Sals aS 00 8 o slpins K0S dges it S dw 4o baosls (sow g0 5JUT 4l LU !
2595 53 Joog sl wals bl golass al> e cnl (25,5 000 020,68l izl Glej 5o (St

oty Gy al>pe 5l a5 Guuals LS 4 axgi by, <8l oo gilular oz cales 5o
05z SOl I (e glad LSas j0 0 e eolitnl b Sy lad LT (b, 5l anio

L5>9J> )‘ OAAT Cewdy LSM:M J.iw uLC)’UG‘ 9 QS’L""’ﬁ) R W) (ST JM&AJ gL G’&A w.xﬁyo



JEl (Sl e ey SeS a4 Jgog <l (gilulaz 0gd o colitul (S Al e sla il
wibse b ligy bl calio @i g, cnl 5l ool jo XSS 0y Sege 09 o0 plal (S

23,5 oo Slging Wb sligy (o e DB Sz W () 4l 0Ll o oS
I s s S 5 loliz o 285 oSl sllas £ dbvosys calises glgil olulids cobls

o oo |y Sy slas S o piew (pl 5l Jes colatul wgs

oSl JWEh a3 (55058 50



Y aanils a>lg g (3,5 9095 V=)

B et e e e a5,y ol o Y-)

A et DAC slapis drwg oo S5 ¥-)
LSOO Jeogs £-)
LSOO Ao iy y25 0-)
VY e 390 P9 Juad
VA s G 90 Gl SusT -y
B s G dw Sl SasS Y-y
OO OO T OO OO OO TSP TP RSO EO RO G55 ipgw Jad
Y ettt L ORWRY VI W ¢
VY ettt sttt S35 >y oaids dgugy ls V-
A e sl en il pley-y
e eSiles Jlasl o] 8 for

VN ooy Lyt V-F
VY & ettt aaeees 6‘;] sl ol p o Ay ple 5l e, <ol gilulos v-F
VYO conrerrressnnnnenees o o by oy, S ol S et 59, p (5,08 aliw] \-Y-¥
Y R b Bis o oSl v-v-f



VYV oo Jsos5 glagails’ blas o loles v-f
VOB ottt g0 (g jlwlos F-F
VEA et G"SL‘Z’)KQLQ‘W%KS';;W WJ.@.S
VEQ st G S 45N
Y et e et e e s e e b e e s be st e e s be e e e e srae s beeetae s aeennaaenee LS" 6Lm)l5 QLQA'_LAA-AJ Y-0



Jlaz S o8

¥ 590l CT slaolKiws ;o soliwl 0,90 Jgoro sloi9 (V-1) Jgo
o HU a2l 50 lag)] (o520l o515 5 8lge 51 (S5 (V-)) Jga
o e slo el S8 @ mhaw j (pwsis JSE (s (V-F) Jgox
03 =9 o S gz ooliiul 5550 (ages la Shy (V-V) Jsor
\PY lo)] g3 S8 @ 592 slaog (sl 5 olulid @l (V-F) Jyo




JISC] e g

...................................................................................... G0 i oz CT g (1-)) S
........................................ oatein SalS 6lag e b g5 g S g5 5l Jsdgs o pgas (Y-1) S5
................................. o el S g wlanals gl e b Blad 5 o e Jsog o pgas (F-)) S5
.............................. 6STELS 6,115 ay oo 5 whateli (610 b cds g5 5 o3 Jsos (F-)) S
SN o blie olisy, o pl Faiwes 5 CT Slio 51 S (V-Y) S
vf ol @l 4 5 (B IS albil Gzl ol gl g (Y-V) S
Yo V7] & o 5o 00d ke a4y, il g5l ol (F-Y) S0
¥a Lo Joe bay, il g5l mbs 5 Lol pslas 5l gloaiges (F-Y) JSo
vy [YAD e yo o o sl pieol (oo Jolyo s (0-V) JS5
Yo Ay (Ser (>l silelar Caz (g9l S Jlesl azi (P-Y) S
Yo 4, 2L jlolaz cqz [YO] gz e 40 4yl oo b (V-Y) U
¥ QCI 5 CI slails g5 5l shaigos (A-Y) U
r ) A g S i S5 (59,5 a5l sleisel (1Y) UK
Al Gon 95 Sl hy) SeS & Jgogi s (s ) lasges (Ve-T) S0
TV i [F5] ez po 1 00l 7 kae 0,55l bl 1 4y 4l (g5lulaz o (VV-Y) S
oY VY Jgax b bl cilise cwiin pglan (VY-Y) S
OF o [0F] o ye 51, 6l Usoss ololid Cuz Logyie oo anel> (VY-Y) IS5
¥ ll g Lol S slayls - C s (V-F) Ui
24 m alais s o1 1 oles S5l ambo o 3 515 oo mhaw (YY) JS
Yo S8 gl pyolie by cilises cwain JISCS1 LLS )1 (F-Y) S
af 0 JuSo o 2,50 Guail aslxe S8 (F-V) S
A OCT 2,55 15 b el )by caslie jyolie (st 0 (B-F) S

L



VY 399 polal o (lidyy b Sl o5 ile (LS (V-F) o

YV F pe Bi> 5l LI CT Lol pgas (Y-F) S

VYO e XY oy ol b jug il S @) g5 Bdo asms (Y-F) UG

\\# OxB 0,z olal b yig il SaS 4 pod Bdo azs (F-F) S

VY VXY oot olasl b g oild SaS @ g5 Bl azes (O-F) S

AR b 2l 090 sl o e Gl 6l ool by, (P-F) U5

\YY o> peas J5 5 eael Cany olidy, o pl S (V-F) IS

Gilolaz g Lo G @y bgyye piglal asgame jlgam 55 Slriao ) golaw ol Sges (A-F) S5
L1 S oz Do 4 pl S gt SIUT by 5l ede] Cwds ailin] mhaw SaS 4y, 4>l
R 2 S CT oyt 5 oo oo 3 o iy, s ol Sotemn (A-F) S
A1\ AT CT poas >l plo jla, cdl gilulas olp golorinn (g, ojlagls (Vo-F) S

\Y# wolpion g, 4 o J2 axl gilulas ol e als (VV-F) IS

VWA e e3lgiiion o9, 4 40y (65lelaz Cgar ool ailin] mhaw (051 cassy (SsX> (VY-F) S

Y Sty gy & ) S8k bl Sl slages (VW) S0

VY ol by 4 o] ilulaz g baay ) (S @3, (So8x (VF-F) Jso

\YE 4, 28l g5lolaz Sl ol (V0-F) S

\Yr G5y S5l 05 5 ol She Sl (V) S0

A1 I ooyl ol e Ol aid Cus 9, o, elS Gies by e (VY-F) S

o L CT & bgiye pglai 5l golass 0 (g plo sl ) 28l slulaz axs (VASF) JSCo

\ARY olion gy 4

VYA Jsoss slosils bl olubis gz ooloiing o sSll oylasls (VA-F) s

A SiFlo oS (69, p SIS il pild o Shee (Y--YF) JSG

AR ol polie Lioles 9 YouF g 5l cise olaS,p (V)-F) K&

VEY o CT pga 5 o5 5, p JS8 Gl 52kt Jlasl 5l Jols ams (YY-F) S

L%



VFO IS8 Gl s SS @ 6o, sl gog aseis anl g (YY-F) S

\f7 GO dw LsLé_é 5o 63}5 6>‘9.: RS D ).’LL_S LS‘)'?‘ Aol (¥Yf£-%) J.i..:

50 Lo 580 Gom 95 1zl 5 G aw Sla il Bio S eoleiia By, (VO-F) S0

VFA R R Sges Cux

2 i P9y b (FKSle ngal 69, 2 5955 (P oo somp S (2gs (VP-F) S0

Vo PR 9oL o dw

ooy (o, b ay,y paal 5l iSu (59, 2 59,5 (P odies spup gl (9> (YV-T) S

Vo R 5 Ogel I A O
g aw j0 olgidon by, b (Sisle pgal 69 p 2l 5es ! il 295 (VA-T) S

\OY PRy Oges

a0 solpiinn 99, b ) pgal 5l LiSw g9y p (2l Ked sl il g5 (YA-F) S

Vo PRy 05 S
100 bt gy o oy shuals blis plulis anT i (F+-F) Jss
oy bS5 slad )0 Jsog5 4 bsipe aliss b lai o slaals (Y)-F) IS
VI e olgiins o2,s8)1 oo S5 4y s 90 5 Jgog il (glliz b (YY-F) S
VPF o goleiian o580l ol po S8 &) S de £95 51 Jgogs 2L sslulir bl (FY-F) o



doddo —



..U.g,fbw.il.ib »'33‘5.§|)f9.093 =)

10,5 (83 i diz 90 5l Gl oo (IS jeb 4y (SKhh slas)le p gl

olas ol g aiS oo oo |y G peeslE ) LSl 5,5 o 8 sagill 039 40 a5 (g sl

At g 3 S gise CMRISCT Scan (oSl axs

ol a5 0iiS o oald 1) Lol o Shos o575 5 Suislsnsed SOl 1 69,Shos 039> ,> pslas

. q A v .
a3l o - s 'MEG 'FMRI 'PET 5l

o ol o8lee Jgol (- JSE) 0,90 oo w2l (YD Slices) som 90 polai 5l ol dcgeme
o 5 015 20 Slem o s> Shed Doge 4 ol sleedi S 5 WSl axdl gie oS sl &5

S 99 skl degorme ()] a3t oS 39 o0 o & S Laosi 1 T o e 28 > bl o

" Anatomical Modality

" Functional Modality

" X-Ray

* Computed Tomography imaging
* Magnetic Resonance Imaging

" Ultrasound imaging

" Positron Emission Tomography
" functional MRI

! Magneto EncephaloGram

" Spiral or Helical CT Scans
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' Standard Temperature & Pressure
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" Computer-Aided Detection
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' Metastasis Stage

' Solid Nodule

" Semi-Solid or Ground Glass Opacity (GGO)
* Non-Pleural Nodules

* Juxtapleural Nodules
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Abstract:

In this thesis, we purpose a system for automatic detection of cancer lesions so called
nodule and segmenting them in thoracic CT images, which is very important in early
detection of lung cancer. This system consists of three main stages. In the First noise
cancellation, 3D interpolation of images and lung segmentation is performed; we refer to
this stage as pre-processing. In the second stage candidate for nodules are detected and in
the last stage from the candidate points lesions are segmented from lung tissue.

In pre-processing stage, linear interpolation is performed to equalize the resolution of 3D
image in all dimensions. In this stage with take full advantage of intensity histogram in
each 2D slice and information in adjacent slices, Segmentation of lung parenchyma is done
by adapting an appropriate threshold on histogram of each slice. The result of this process
is promising, especially for juxtapleural nodules.

Lung nodules are always appeared in different size, sphere-like in shape and they are very
similar to blood vessels in intensity feature. So in nodule candidate detection stage, not
only intensity feature, but also the geometrical shape features are used. Most of methods
based on shape detection are used in 3D space, which are time-consuming in this
application because lots of information to be processed. Hence, a new method based on 2D
data analysis in three orthogonal directions is purposed which reduce the time of process
and use volumetric information of images simultaneously. In this step to detect the
geometrical shape of regions, after the smoothing of input images, we employed some
filters such as shape index, convergence index and spherical enhancement filter, which use
shape information e.g. gradient of intensity, Eigen values of hessian matrix, Gaussian and
mean curvatures.

Finally a feature space analysis is used to segment the nodule's content. Location vector,
intensity and shape features which are taken from the last step are concatenated to form the
7-dimentional feature space. By using a non-parametric method, namely mean-shift
procedure, data points are clustered in this space. It's critical to set the proper bandwidth
parameter to use of this method which in this report a new bandwidth chosen method was
presented.

The method's capability to detect all of nodule types, low false positive rate, accuracy and
fast computation shows much promise for clinical applications.

Keywords: Volumetric CT images, Linear interpolation, Histogram of intensity,
Thresholding, Morphological operations, Hessian matrix, Gaussian and Mean curvature,
Mean-shift procedure.



Shahrood University of Technology

Faculty of Electrical Engineering & Robotics

Detecting Pulmonary Nodules in Thorax CT Images

Using Geometrical & Textural Features

Mehdi Ba'aba'aei

Supervisor:

Dr. A. R. Ahmadyfard

July 2011



	فايل نهايي_Part1.pdf
	1

