[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

oLsS a8

mmmmm

0Us5 i) li5 1 phS wgndd 53 5058 (39dke jagliad 13 (Swgy 23 (o252 Ceoliud (g 50511

oS>

. e

WA/ 0/ s e WAYATAY ol AYAY/ /Y chl s

La gy ol Lalsyls ss 5 00 s s ﬁﬂéﬁfa)l.ﬁlé\ﬂ Goas ke el Jb s ide g diee
C,.JLv Sl 64,_:5:)..14\ 6.1.1 6.\.44‘;}?- ﬁ)ﬁ‘;{iuw\.&w&&}ﬁ d'-'-.)é ..L'o‘)\b 65[;*) dLAC,iA).bu
25 bl BSse 5 sl 03 sy 5 e

Ol sl 4 odcSans! o 3l 31 51 @ Vv e (69, 5 oS Cnl (63 558 Solaass g5 5 2l andlas 5wy Sy
G el T g 3 o Sl 5 06,8 Sy pee (VFAY 3T GAYAY sy 3 50 Sl e s dugd
A wl=s _;M_ff S sl r:i)jfleFuzzy c-means 5 K-Means (sts 2udIS (gl S, 3l eslixul 5 S5l >~
wuﬂj\;y}wJ})Ltéb%&})Ja.u}.?cu.?)‘fﬁju6});:5.,\,&6@\6@&;5)1.,\4‘(:@Lédét
o e g S ad 00l S a3 51 Jsd B 8 b e uSa Il ol il Oy anslie oyl dmd 45 oA
g o (L ydl e S Ol 5 SO Ll eSSl s B g 53 2 SIS Sae B,
S S o3l Gl 4o 4 Os e 5 oL b By S Ol a dlie cpl s sl bl gy i St

DS B g e G o el

\F\‘S)lfwf‘d.ujlwy\s‘&‘jf}aﬁ (3D Jﬂ-‘j.t,(fgw

Sy So Olmea dlie ol 53 el 4l (g, Jlde 53 il o

wﬁwwdéo)‘b\&\ﬂﬂj—ﬁbd‘)ﬁ}y@f

*) z .
8585 d)xdb bl
"Lisla sl g

Y’QWLA V)“f ‘Y°;‘).;;“;“'.‘> AJAUQ

bign oS> Sy ndiga 0,5 —)
ol ot S oS T ealS 5
Ol Ol s

Oleeoylove o 1S 5050 5 (S50 00,5 =T
Il Sl Ol e g
Ia_,[pa[ii//; oiay s 4:;.,&7:};—?'
O Ol o iy deed Sy

*

ol JT I 6,855 05 1 s ok 55
038 (S ke oS (e oy 5 SIS
Sy Sl
0= FEAYAYD 1 il
E-mail: fatemeh.goodarzil0@gmail.com

PRV

S,S e B a5 550 Cilisee Sl slaple bsl bl 2 g o3
33 LSHTQ_:E}A sk Infrared Thermography (IRT) ¢ ¢SU
ol onla ol &:HLL)}UL;‘-«\G” Ql.bj_w Aol ‘}J“LAL;)L«:’M
o Sl oS3l 1 e s Ja B Ll e
6‘J—!Yl—i¢*—5>)¢~°ﬂt—i‘64—3{4~ifﬁ))—<ﬂu<—1u“
SO s 25 e Sk Calbis (Sl s gsluli

.)}w

Lii_""ﬁf) —rr 6r§a)‘.,\4‘ 6\).: di'ﬁ) u.:.,\.;; j.pb- dl?- BE)
(Dual  Energy X-ray Sl CT MRI :_Sbe (oA

s osba iy ol sl > 4> 5 Absorptiometry DEXA)
ol I S e 3 eslil el slaes 3
an il Gl s b s WL e le (ool lacus sies W 2,
Gl L iy ol Sheslial ool o egdle sl e ls I
o Bl S ol Jes Isb 53 s e S

Ol 28l oo e ool (25 27 S

FE) G FOF F o)lacs V¥ 0,50 N FAF g 0s 5t S pale oletily o 5 0aSCails dloeo

ly

PV L FOF (sladaden F o lacs WV 5,50 VFAF s (Slogs oSty pple oISl Sty 0uSitils dlae Il ”\/”


https://tumj.tums.ac.ir/article-1-6832-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

Yov o8 Gaale slaad s i gy s crolid (086 50/

Jlest 3l o 3R 9,9 pedS (AN N3ps 63959 peas ) JS.S
(&) (Y 2 +ale A3) 2518 A Jl 0

e KMeans o5 |, S e el = LS ) S0
Ul e b @35 s Vb o b e 5 FCM w0 o i
55 edesl Cwsds 5T e 351 s d | ek g S| e
53 g e 03l FCM s &l 81,0 Ol peas K-Means o, S|
Sles o S FCM ) S s (g g plondl s on ez
ol s e as Sl 5y dalial s a4 el ST S
3l sl KFCM 25 i1 (6l s Laad gt sltad Al s
@ Glaie gad gt S e s ads sl bl G ps o DS
Laai s 58T s S5l 31 ol 0L 55 ()5 K)o 2L
Gl st S sl ame s 4 S kS s () ad )
el 0l aseia (O ) K3 55 peal 655 » KFCM

3 SC A w8 e il oy S Sl e gal> 5o 5o
A2 Lad ol Gl il 1l 055 e sla )
R S P e B P P e G |
VS 05,8 g 6l ol el danl s oS Sl s
Sl O 4 L ik oy G 031 ol 5 o 05k
O O s plad o Ly G (35S Do w5 35
i 039 ) oS n ST e 25 s S S
P PR TSk PR & PRI N JUR PN
Bybn LSSl 3l esbss Jol e eles

35 5n e 03,5 Mo 5 S ey plil o 1 e
el ol el (V) S s pg 5 3L
3 2 s S sl (6 S5l 5 dnslons S

Tehran Univ Med J (TUMJ) 2015 September;73(6):456-61

http://tumj.tums.ac.ir

WP u‘:"’JJ

Vor S = a8 Sl 68 Clides ¢ g 5l Sl anllas
220358 3 ola e S Aot Ol sloy 4 oS anarl o ol 3151 L8
= ool yasis 6l e § o m IFAY 3L 1YY
(e U s S 4l 5D (S lay Lo gl o s 5
Sl s B 250 28 b Cly F e S 03 Sl s
L oz b3 cly 5 oor OB b s il opl asiis
a3 B S Sy pe Jlie S 115 2 el (SULT i S
R BT P B N W P P PYGIONR LR W V"’E'J sl Sa
o S (I st 503 805 L (65030 0 508 0l 55 4S)
29) Sl g 5 o 8L Olas &S gy sl slail,
Bl la )5 (A st 5,5 S L 6ol 2 s ]

Ghao 0% et o3 JSu (gduad = slan, Sl S sl sl
S a2 U LK & s (FCM 5 K-Means) (sslgies
Sl e Jels Gyl 3 e sl by s el
b pya 03,8 35 e s Wb A by gl s
S5 asls 55 4S (6l ol ol .ol "Highboost s
Al () S e S e

Shbes gt A5ls s Jole plxl 5 Gy b 655 0l )
MATLAB software, version S « .3 5% sl puslas 655
@_3 r.,l)_,d_n 6.5.0 (MathWorks Inc., Natick, MA, USA)
VS s mlsas s i olgly S ) sl
sl 0 03551

Sl a0 4 o (a3l G J e plsil S e
r:w—@ oy oo solgdoy (Shuad 5 {,:wis\ Loy o il
K S il e el o o S s e (3lgdn
(s e V470 (gams 3 L s ¢l ) (K-Means) . SGks
sy e S aseis Bles 5l sl sl 5 (Mac-Queen)
311974 JLe s Ruspini) (FCM) (536 (sduas = o, 831
KFCM Jlaztl iy 5 (758 o an 1y (536 ol b sbuact = s
oslewl Rainbow g5 nsbas 3 Ghas o=l 03 e el
dazl 3 (KFCM) (golgniy glnad o o550 3 ales o0
laosls e s (il ol JLxe L K-Means o, S


https://tumj.tums.ac.ir/article-1-6832-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

Iron

Grey

OLlSas 5 5,058 s (s tabls YOA

Rainbow

Ownpall

Ownpal2

cluster 1

cluster 4

A L;'J.L’Jf, J"J‘ Ls‘ﬁa.u'».ﬂ:ﬁ‘ Syl 6\.&;’_4) C‘_y‘ R JS.:

BMI=3

()

cluster 2 cluster 3

(<)

S35 52 KFCM (gdisad s> ‘.,:w_,in Jles! 4 (AN) (Body Mass Index, BMI=Y+/V£) O 4 gad 52 R T R a PIEES W Gl pea ¥ SS

(D) Sl s

FE) G FOF 5 o)l V¥ 0,90 N FAF g0 0 i (oK pole olCils o Ksiy odSCtils alono


https://tumj.tums.ac.ir/article-1-6832-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

Yoa o8 Gaale slaad s i gy s crolid (086 50/

5 & L ﬂ‘lj'ens!tirif_\'=%_l

False Negative Fraction =

S gl I is &S
e e ol s S Ol
False Negative 5 True Positive (TP) G 5% Solwl=s ;3 a5 55
e oo psl gla v 5 Conyy slaciis slias 5 5 4 (FN)
oo baeslgin i) b s ol pll slags pSeslil plas
o) el Ol s lin o) a5 s aslie 31 S 5 s
Al mm Gl SIas) s BB o b e Sesll

S SIS Sam G A Camd S5l senly S

Cow

W«Sw‘éjbww]ey\&rbuléw 4.:L3).:
SIS 5 oo dm O G i S35 S e
2SS pe

5 ol Gy S Olsear s ol s el Al i,

S s s Sl Sl Sl e 4 0

03 pesera e ey yestla Lol bl

After threshold

Extracted fat layer

O 3l g p 55 5 258 dsloee Sl 8 do 8 e S
D b el 3l e 5 ala] 3 O dls 6 S 35
55

M) = ol e Sl e e s o SSL s
i (O ol g y2) X Clas Olos s i 8 gl JoSy
SrSeMSl i b Sy S5 [ 2h) = 0 3L s
(O o3l s 2) X o (sl o )3 0

sl 53 (O o3Il g b awls (g o 10 o3I s o
b5 (G 53 Dp30a) oS e BBl U 5ls 8 as il
odis] s 30y 5 0 (S 03l (ol e by iSkex

Laasl

Sad g 3l a.L_Jﬁ,._w;‘u.J:Mﬁ_ﬁ)' s Lo (..«.U-Sl.a
S35 SIS e a2 g o 5L Gl
o BHS s g o Se3lll pl 5l ol a5 05 4 e

\:Ml A.L.::u.a;u;.d (u cJ‘ J()db/\":‘): g_,»:.'v‘JJ

After Component labeling Interest fat layer

il BMI=Y+/\f ( MAX THICKNESS=Y/#Y cm

(&)

() SIS 5 () (g3lgutg oy imbal 2 (05 G303 555 2 ¢S Jamy a3 4l s el s & G 25 2 Sl e Sl iE IS

Tehran Univ Med J (TUMJ) 2015 September;73(6):456-61

http://tumj.tums.ac.ir


https://tumj.tums.ac.ir/article-1-6832-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

Valipoori Goodarzi F. et al ¥5.

.wluij)wlwéucﬁy)\éjméuj:ﬁuybr.x;
Olpme oo 4oLl 5l iy ol dlia ol (_;J//._f.dw
u‘l-““‘ — dJ_v ;f”-“ﬁﬁ) i C,_%Lt Cwle_b 6)_:55)\@‘"
wu)lsi_lzia); G 3 Ol slas 3 ol sla S
NEGa Colom L aS il o YYYFY 08 5 1FAY Jle 5 o)l

el 0l ‘f—‘ Q‘J.@_? é“:‘){ r}J&

References

1. Song SH, Kobayashi Y, Fujie MG. Detection of Dermis and
Fascia on Skin Layers for Liposuction Surgery Robot using Tex-
ture and Geometric Information. 12th International Conference
on Control, Automation and Systems. Korea: ICC Jeju, 2012.

2. Wallner SJ, Luschnigg N, Schnedl WJ, Lahousen T, Sudi K,
Crailsheim K, et al. Body fat distribution of overweight females
with a history of weight cycling. Int J Obes Relat Metab Disord
2004;28(9):1143-8.

3. Lahiri BB, Bagavathiappan S, Jayakumar T, Philip J. Medical
applications of infrared thermography: a review. Infrared Phys
Technol 2012:55(4):221-35.

4. Shapiro LG, Stockman GC. Computer Vision. Upper Saddle
River, NJ: Prentice-Hall; 2001. p. 279-325.

5. Zhai L, Dong S, Ma H. Recent Methods and Applications on
Image Edge Detection. Proceedings of the 2008 International
Workshop on Education Technology and Training. International
Workshop on Geoscience and Remote Sensing, Shanghali,
China, December, 2008.

sTang 3 S e o3 e s (Sl (o Jes Uk
el e oSS i S  GEpe 8 HLSes
lyean A0l e sy cnl LS MRI sl 53 536 s,
— RS A S e 5 s S8 s s S
SMRE Wl 5l 5 a3a TSl ok & (55501 Jilie sl
ssd e S M s e Kl CT dole andil L2l o gl b

Umbaugh SE. Computer Vision and Image Processing: A Practical
Approach Using CVIPTools. Upper Saddle River, NJ: Prentice-Hall
1998. p. 209.

Gonzalez RC, Woods RE. Digital Image Processing. Upper Saddle
River, NJ: Prentice Hall; 2002.

Bezdek JC. Pattern Recognition with Fuzzy Objective Function Al-
gorithms. New York, NY; Plenum Press; 1981.

Etehad Tavakol M, Sadri S, Ng EY. Application of K- and fuzzy c-
means for color segmentation of thermal infrared breast images. J
Med Syst 2010;34(1):35-42.

10. Baraldi A, Blonda P. A survey of fuzzy clustering algorithms for pat-

tern recognition. 1. IEEE Trans Syst Man Cybern B Cybern
1999;29(6):786-801.

11. Tang Y, Simerly R, Moats RA. An automatic technique for MRI

based murine abdominal fat measurement. Radioengineering
2011;20(4):988-95.

FE) G FOF F o)lacs V¥ 0,05 NFAF g 0s a5 hed X5 gl olSitily o Kz 0aSCiils aloeo


https://tumj.tums.ac.ir/article-1-6832-fa.html

[ Downloaded from tumj.tums.ac.ir on 2024-09-11 ]

mmmmm

I ( ] I\/ I | Tehran University Medical Journal, September 2015; Vol. 73, No. 6: 456-461

Brief Report

Measurement of subcutaneous adipose tissue thickness by infrared
images during liposuction surgery: brief report

Fatemeh Valipoori Goodarzi
Ph.D."

Javad Haddadnia Ph.D.*
Tahereh Habashi Zadeh M.D.?
Maryam Hashemiyan M.D.?

1- Department of Electrical and
computer Engineering, Hakim Sab-
zevari University, Sabzevar,
Khorasan Razavi, Iran.

2- Department of Radiology and
Sonography, Shahid Mobini Hospi-
tal of Sabzevar, Sabzevar, Khorasan
Razavi Iran.

3- Department of Nutrition and Bi-
ochemistry, Shahid Beheshti Uni-
versity of Medical Sciences, Tehran,
Iran.

*

Corresponding author: Department of
Electrical and computer Engineering,
Hakim Sabzevari University, Sabzevar,
Khorasan Razavi, Iran.

Tel: +98- 51- 44012825
E-mail: fatemeh.goodarzil0@gmail.com

Abstract Received: 18 Apr. 2014  Accepted: 01 Jun. 2015  Available online: 01 Aug. 2015
Background: Currently, there are many techniques to measure subcutaneous body fat
but these methods have many limitations. In this study, we tried to provide a clustering
algorithm to measure the thickness of subcutaneous fat in thermography images.
Methods: For the detection of subcutaneous adipose tissue in the midline area (from
pubis to the xiphoid process), imaging takes place in the right or left lateral sides of the
concerned person and to detect this tissue at the left and right flank (from ribs to the il-
iac crest), imaging takes place from the front. This study was done on 100 subjects (50
female, 50 male) of patients referred to the Shahid Mobini Hospital of Sabzevar since
April 2013/4 to December, 2013 and the thickness of their subcutaneous fat in midline
abdomen from pubis to the xiphoid process and flank from ribs to the iliac crest were
measured based on thermal model and using K-Means and Fuzzy c-means (FCM) clus-
tering methods and also recursive connected components algorithm.

Results: Subcutaneous fat tissue can quickly appear in the thermogram as an area of
low temperature and since in the thermal images, temperature is characterized by the
color, as a result, subcutaneous fat tissue must have lower levels of color (temperature)
relative to internal body tissues. All the measurements based-on thermal images to de-
termine the maximum thickness of subcutaneous fat were compared with ultrasound.
The results of our method were similar to the results of ultrasound method done by a
radiologist, with the acceptable approximation.

Conclusion: The method presented in this paper is considered as a noninvasive and
cost-effective method to measure the thickness of subcutaneous body fat.

Keywords: clustering, components labeling, subcutaneous fat, thermography.
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