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A New Optimization Based Method for Estimation and Spatial
Localization of Lung’s Air Volume from 3D CT Images

Hadi Moghadas-Dastjerdi, Mohammadreza Ahmadzadeh, Mahdi Karami,
Farzin Ghiasi, Abbas Samani

Abstract: Lung’s air volume estimation is of great importance in lung disease diagnosis. In this
paper a fully automatic algorithm, which we presented recently to estimate the lung’s air volume
from CT-images, is more developed. In this algorithm, first a suitable cost function is introduced
based on the long parenchyma physics to determine the voxels of lung’s air region. In this paper, a
fully automatic framework is proposed to calculate the initial guess for the solution of the
optimization problem. Moreover, a 3D model reconstruction technique is utilized to determine
spatial localization of the lung’s air region in 3D CT-images. Furthermore, the performance of the
whole-lung-volume-based methods and direct lung’s air volume measurment methods are compared
and investigated. In order to evaluate the accuracy, porcine’s lung images and clinical human’s lung
images from reliable databases are fed to the proposed algorithm. The significant accuracy and
robust performance of the proposed algorithm is illustrated with respect to the resolution reduction
of CT-images.

Keywords: Optimization, air volume estimation, lung, partial volume effect, CT images.
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1.Forl < 0tol,,,do
1.1Set Hylll = Hpppll] — Hexp[1]

1.2 Set

FlI] = ZHd[I] + Hy[l + 1,]n+ -+ Hy[I +m]

Where m = window size of MA filter
1.3 Set S[I] = sgn(F[I])

-1, x<0
1, x>0

Where sgn(x) = {
1.4 Set D[I] = S[I]—S[I—1]
End for
2.Find Ip1

= argmax(H [
3. Find IPZ
=arg,  max . (Hpp 1D

4.Set W =1Ip, —Ip,
5.Find Tq[I] = (D[I]|Ipy <1< Ips + W}
6.Set I,=T{(n)

Where n
= arg min(T[I])
7.Find T,[I] = {D[I] |Ipy <1< Ip, + W}
8.Set Iy =T,(k)

Where k

= arg max(T,[I])

Gillas Olgi o 0581 I 5 Ia sl adsl ol jolie acsloma b
Sngd pal (6 e (v—”w;j‘ G s w Y s s 4T
L Slbl clte Slewn & (655 5 oo el slib s

3 g3 dloun |y gy 6Ty 3lin ol dlone adg)

Imax
. la H[II Yt HI (f)
air = ytis =
T HU T HI

Lol slast) & &7 oSy 2 ln o o 2 22
33,5 or dmlmn 25 Al 5 ol oo AVPCyoy

o
AVPCyoy =1 = 0,0y ©®)

T e s 4 5 el Sl (sTsm e Colgi o

S | %)
AV = Vigy ) Nugyli] AVPC,p ]

i=a
EINE ) L“J”f) Bl égl A = PR Nvox }Vvox Ny
s s g0 oLy o b blze gla JuSTs

Solgidey 9y ¥

s o sl o8 Gl et o)lal S i 53 & S sboles
033 5 p3 3l (oS 5 o8 er 3B 5 A bli 8l (s jleags
W w2 S B s A Bl sl sl dlie ol s ol
25 ey

e adyl o dwloes —V-Y

02,5 G b Halll pslas o1 8 ss J5li5 Il o 5o
B 5 A bli STbuilT5l s5d o ammlone 03 31 35k p i pl 8 s2nn
Hgll] ;s a5 opl clizus 23k 5 g2 lew 35 W e
e da d o 53l dal s Al i Sl e LB O pen
o o oslimal LI b A &K I YL L5 bl s ol
S 2 e @l Jlasl b o 355 00 ool FIIT A8 (s
Gie 5510 Jlasl U D[I] T3l g 358 o0 ammle S[I] JLis FI]
Slor b Bl ol 8 s Gla i 58 0 b S[I] G555
oS sn 53 5 Jsl i bl byl Lo 50 slls s 0505
U plS smn 033 5 sl ity ool aubons b ol ply ol
el W 0T & s asls 1) Glo Jidw (o8 28
03 s 093 5 sl i g5 e S 4 Ip2 5 Ipr (e
odgdos IS 4 S Wshipo Ty 5 Ty 4 sames 93 Aoy a1
Jola L D[I] 51 Tpp + W 51Ipy o es9doms 5 Ipg + W G Ipg oo
Ty iy 8L LIg 5Ty a8 080 L alo o op 2T 55 sl o0
A3l e sama S55 pokd bl gy ol AT (or s
Sl dp 5 Ia SUbl 53 02W 50 4 Silees & Cailiinn
e 5855 BT 03114y Gl 03 guomn a5l i O ity 03litl
a6l OUd Jadein 5 (Gileang s Jo L O5ST p dal s
3Gt ) 4 0953 Glgh edsuos gla S5 015 0o YU 5 0l
S Sl ol 3,8 S gy ge Ll oS Gl (ST 5 ST Eoles

e 5 9 (63L5 Jlie (53l skes sba ax ST Gl fuSTs

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ 25 aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.4.1
https://joc-isice.ir/article-1-384-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.4.1 ]

) G CT i slas §la; 0535 6lg oo (2ldd b g (S 5 e Sl (S5loiogy 2 (50 il (595 FF

d\.al.w LJ"L'Q Aélta LJ.:); L@; S o3l jdax| Lo ydoses (S Ju.,\j.a sl

S b a5y (S (S 5l ey oS5 bl 4 e
Slie dim U eSS Gl LS5 L S NF ) eSS s b bl

55 S5k Olg

<

1 2 3
= |9
VA il Ve e
4 5 6 7
7 \[
= L~ ~
8 9 10 1
[~
12 13 14

o pls b ods jadein g, caSa b ag) SW Cabises Y- ¥ S
Sie ey i 02 S kot g 53 5 ol 0ok @l i 0955 S S
it o Jllie ghyls ey ple 8 s iy o

a5 1y s pse s Salgns g LS o LS ol S 5
oS A Oln 516 s e 5y Gla3 ) osles (58U s al
CF eer s el Sl gy by e 5l (S s
(Ds,m L) 05 ol 93 48 dwdl o Gt S ¥ 5 ¥ 5 Y (gla SN
a5 Sl sl 2 (0355 L) Oy s plo 5 03 Siou
LS ol spi o 8 8 5 5s ol Ller 5 e sl alie G b
Lpd oo aimia G A IS K dhs (e gy (5,180l
LB od M S Sl gy b o a L bl T il S
Jell 5o 35 ol 5 o D)0l b 53 5 S5 oy OT lutie
S daly ) Y ogled o S US
S e labad iy 318 Do sl dl e p ST 5
$9) lel;)bﬁ Sbaad 3o STou Tl 358 o dclons CaS L bz
Wl 3508 o pl 5 5035 o 0dd Gy e 4l ulas o
3 1S o 53 0SSl a1y s ) g Ja i 13
b oSl ) 51 Jlaj ol p (sl fo 55T s 4 015 o0

:J}«:'L;‘ 4....«\>u j.v_) Jaa.\jj )\ oslatal

IG+1,),k)-1G-1j,k)

Go(i,j, k) = -
I+ LE) I~ 1K) *)
Gy(i,j, k) = iy
o IGk+ 1) =Gk —1)
G,(i,j, k) =

Az

05t dsa ol s sy @YUy ol wbuT e b

25 Giledde 5 syt |y Gl 0l 015 0

ol (G Edw 4l (Gdmaw (g 3led e —Y-Y
23158 ol la i (oldd e3gdons 035 Gaiia sl
Gt Je Sl (gl [F0] MLl lacaSa 2S5 ey
slab s \)ﬁ:)yr»;Q})dﬁzlqﬁlb'ngl ol o3lizul
S o p oSa G Ml 0y S ol 53 S o (S5l Sk
SV lse 93 03 s éu‘}&jl SBF w53 OT sy
o3l il Y JQ);JAJ.Z@A:Q;JEJJJ (led (Gdmdw g

ol ol

Slice k+1
@ LKLY (141, 3+1, kK41
L) (4L )
(LJ*V’ (+1/+1, )
G107 (1], k)

j}lﬁj—ﬁi}‘k"’l} kd‘ﬂjﬁ))&u&@fﬁ)}g&ﬂivt}g
el 35 G b Bl gl Sy 5SS p bl

Slon 2 okd5lajl ws) 4 355 atte Ll sdn 6 s

S 4 IS o b s ) S g S S I LSSy g
DAi atde 1y sde DS psas S Gln e S
rb.uij‘ =B Sl Sl e vy 55 S glaeaSs
23 () okd (S el 53 30 o e3linal (Sl o
e ) g s 4 5 6 e Llaels I3 sy e 5w 03
o Jol S el Il el o 03l S i lutie
Wl Sl e S g e 58 5 e OT ugiy lie
4y 3l Feed 5 @bl HlE el Uy i aesere mhe )
b leaSia b sy 03,57 (W 0w b 0581 o g ial 5 s 5
oy 2 6l s Sl s A s CaSe a ST TSl 5 gad aseiio
23 Ghals (il s BB i Ol L e 0953 Candy 90
CaSa b sy 055 BN gl Calie Sl YSYOP IS
5 0oe OV ) b s (giluesle gl LBl dal g s s
Al sy 5 e e S VP Culgs calie OV ol
xS oy A b agy (W Lleddasls Sl ¥ SKE 53 7 Sl

! Marching Cubes Algorithm

Journal of Control, Vol. 11, No. 1, Spring 2017

VFAF Sl o) osled o)) o oJ =S aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.4.1
https://joc-isice.ir/article-1-384-en.html

[ Downloaded from joc-isice.ir on 2026-02-12 ]

[ DOR: 20.1001.1.20088345.1396.11.1.4.1]

fo ) ebmaw CT sla Slar; 0955 lon o (olidd S go ol 3 (e (51 (S5l (n ol ()

bl e ( Sle p) B Ld; G o3l jkon| Lo jlazen (63 et die (g3la

St 2 S s b S o ph e Vb SB5 Ly 35 50 150
e dw Skl 53 gdmaw CT 4 gas sla o s 5o 1) edbioslinal
szoslizal (3ladde (81 Sz i 02 SN (g2 a3 e OLES
sl Joo ol dlaSe 50 IS8 53 g o g5l guas &S
38 a4, 3l @l S sl el 0y 4 ) O ol el
o) ST Gatia WU s L1y Ll b S8 Hlhe e AT 3
Opmer 4y @5 Shee OW| aysg) el o g o5

g sl Le&aly 5 Lo 5wy COPD (g5l 55 1sa Sobsl 8

ﬂ}d}(}jbﬁbﬁf&@,ﬁ)@AJ@MngL»J-\A'\?s:SJx)LaJ o) Jg.i
Sl e Sl oslea glat (hled asls ol 2354 56 4 bss e ol

Wl ol Ozl O gline

S e Sl iy bl awlie V¥
S lia

oay eapdoe JS &8 olagn, S us wi S, boles

Lab L Cils il ) o (el 53 (6005 sllast LIS e (6 i

50256 55 4y JS e Ol oS Y 2L A8 STl

O Sl el el o 3 e a5 Slpn e ol el

23 eld s Slor e o OV s sliesy 2l S

3 Air trapping

e A lialy 53 OLLE s, il G, 5 Gy Gy
DX 50351 385 5 JuSy Gl w5 k5 ) d iz
3 psad GBS 5 b Sy dol) LiaSe glaad Jsb Az 5 Ay
S Sl sty s slasls sy (b0 b ST s (KU
3 eKn g sy el 4,515 LOT Ol His anksd Ll o7
53 oaTsdy by Glajyls 5 358 oo dulons 2o Dlabid g5y
o o 3y on o3linal K5, csl-*p—i:uﬁ‘ 8 85 Al de
el ol sen 495 65 Jiled 4 ol OT

oW-f

TS0 Sl oSS ekislgty sy 3 Sas o shiten
plrst costeTimnsny (o SS A Wl oS 5 oS 51 S Sl 9 2
s 6K w o 18 s pBileT Ll i 55 4y ool (ol 0kd
&b 51 North American Drager Narkomed 2A Jus 5355
G a5 62008 Slan e s Jhate (5L 05)3 edkdiem S
Ll 53 4y o) I CT pslas sl s & ool 5 05 56 5o 4
eI e b 5 4 oSl Gl e Gl gy i ol
oy Loy CT gl s &5 ) Lo Voo 5 2 s VYo (gln
ol e a sl &5 ous <f GELocus Ultra scanner Ju.
LSy 51 &K ja oIl &l S5 YYAXIASXYYS
Do S eddalen (glga = Ll e e o /FYX /P X /FY
Sl o3 gy 2 Lo IV 5 PAY 5 5 4 p35L 5 03 sl Sl 3Ly
RN SR R S S SR ) Al gl edasolis o

.Cﬂ“‘

ol a5 3 0 by YU s sy i 02, S b F S

RG] (ujL.v Sba by,

a3 eslimel & a0 e mlB ol
N G o sl ST amlowe 5 s sl 3l

> eSS & e )y sl b blae e ST 53 05 8L o s

! Gouraud Shading Model
2 Ex vivo
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! Simultaneous multi-object segmentation
2 Active contour
® Local robust statistics driven active contours
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