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Abstract

Since breast cancer is known as one of the main mortality reasons of women around the world, it
would be most important to provide and develop early recognition methods for timely diagnosis,
especially without using invasive imaging techniques and with fast response. Thermography with the
contactless property and low cost, combined with a fast and reliable method to classify imaging results
can be an ideal option to achieve this goal. This research aims at using breast thermography and a
recent neural network method called extreme learning machine (ELM) as an intelligent and efficient
classifier to recognize the cancer. We have also studied the development of this classifier as the
kernel-based multilayer ELM. In the proposed method, at first, breast images are segmented using an
automated segmentation to generate the region of interest (ROI) of the left and right breasts. Then,
by extracting texture, color, and shape features, and presenting them separately or in combination with
the neural network, the performance and efficiency of the method are evaluated. By experimenting
with various models of local texture extraction, such as local binary pattern (LBP) and local ternary
pattern (LTP), as well as using RGB and YC,C; color templates, the best results of this research in the
database for mamma research with infrared image (DMR-IR) database belonged to the proposed
combined LBP-Mix and the LTP texture features achieving more than 96% accuracy and 100%
precision.
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Table (1): Definition of the used shape features
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Figure (1): Schematic of the proposed method

Table (2): ROI determination algorithm (Algorithm 1)
(\p;;)"”f.ﬂ) ROI yss wi-.{)sﬂ‘ (V) Jgo=

T olgre

aie 0315 ol G 5l (599)9 pslad $3959

A5 0590 4>l 00gazme b pglas sz
ol Bds g pgead a5 YU sla s ools Loy Jsl o8

G5 eSilon 5,55 il 90 5l onliiul b bayliny oo S bbby canl 5 o oo sl 00,5 oy | pgo o

(29993 pgai )3 LI gloyho B3> pgal (13,5 2l Py P8

Sy iy B a0, S5 5 iy IS S LS5 gl iy 5 iy b bl i s |
39 31 (655 peNilis 5l oolail b aalsl ;o .0g8 oo a8lo] ugd (goue jlade 4y 00ls oKL ygal bl b cenline (goue laas
jwl)law)‘ u))‘é O¢>9 \ )L.\.Odoésu;:l})‘sob; J..:‘M..\.:.G.w5oLw).19.»a.ad.>oMi wéda).’ya; 5).‘51)0—?9..» r:lf

Gl ol V 02,6 (Y) gz 50 paiBre jobas ouiS o 0,033 1) paal ol B YL

ol 3 o ol Gosppmdi —F-F

288 ol e sl osliinl b unl) 5 o Gl polal 4 pgal G sl e3liday Shoy B 4 i (o
S 095 (nl 5 () IS (satprnds Sob ails pgai] mjlo oo 0yl 35505 Sy Bl 5 5 Db Ol s
Ol RO axb (g al> o 5l am latl a5 O g0 pl 4 00 o0 Ojge alllas & jgod conl) 5 o sloplny
225 sl ) Gl IS8 gl 3l sl s 9 meiS (o0 Silolaz ROI g0 (09, caas i oslanl L 1) el g o
S oo ool

(55 8 Jlome Szl bl b 0055 55 Joo Gliny 5 a3 b (o Coond 55,5 (aled slp ol jo =) o8
oo Saly (Bad STam) | olids, b e b i Sob b polie 5 oad plol VY Sud Jade 5 VIV
Uy T 51 7S ol b g slizl ) T 8,5 (ol Shes a8 & olyn bl 5 loes) g
Nigd oo BA>

Cawdas olael Jlade 5l g g I8 akinl maw Jl g aw b, pgas OtSU  xawais (5,138 abuw] by, 5l eolatwl L =Y o8
52 5nS Fee 3] Jolo a1 oS e e |y oy 55 53 S ol 5 455, by s 5 5 ol

V)



G 9e ygalad —ololas Lo joies [ pglal 10 dew (b s diolign auseid

SIS alw] mhaw Sz B aS |y 6 pgal « g0 (il il 50 g puiS o0 00033 1y 00 (6 IS5 wkw] o 4w b 4S5 95
‘) J..al_‘> ).)9..4) M )JOLD.A ‘).L:J S)ge =Lvl.¢...u—| )L.\.o.a Lu UJ; O)—O-A—"}S )‘ S FOSKY; e 11"‘)5&50 ).Ia) e ‘) Cl 00
oS oo B |y Wl JuSo A e 5l eS8 colus lade
5 OtSU b9y & (xbas wiz o SAlinl b a5 (g pagai 515 Vol )0 gl (30,5 525 5l a5 (29990 (2led jasles -V o8
0255 2 AND [Ko0Ss b 1 ol cawsds Yol 50 o1 (50,5 055198 prnn
Sl g Jsb b yolie o 5SasS szl Sloogas 655,54 5 ngal 10 35750 Slime yolie gy bl -F o8
oalaiol b e oS g0 B> 50,5 3L swlidicsn, Slae jloslainl L) w3 a4y Cans Dglaie 4yl5 9 S
WJKs YL csly g o oads sandabd slagbiay pglai b o) 0y g Gl ) b3 Slate jlead 4y Sl
Bgd oo Jol> (V) K& ol nglad
L1y paad lail a5 &hgo cnl @ oS o0 ooliiul s 50,5 oy os, 5l aid bled ey ) b pead (o S1-0 68
Iy ko ya g diwy glalad wliiscsy, Oldes 5l oolatwl b uew 5 00,5 Sbad canny aile obad (g, S 5l eolanu!
gl & glogls (ouliscsn ) 5 b5l jaie L]y Jols nsal s oS (o o5 0 2had usai 11 Ol 5005
Cawdds T g9l Bl Lo 5l eolatwl b1y a0 pls Coles 10 9 oS o0 AND ouls Sbad pgai b gools ™ 55 Y
| OJ.AT Y Mﬁiﬂ (Yl) JBJ.?- )O [b"‘)ji
30 Y o ,oSl 5l eolainl L) cenly 5 c s lins (goipends ol e a8 sl ools oSGL molar 5 slasgad (V) JSCo
S oolanl b as coul 00ls oSl g 51 slaiges (F) JS a0 po lis 1y (ool bles o] o Gl 55 b3 a5 >
Las ]y coly 5 g glopbiny ot Jolye 5 Cosl oatd obles o1 jo pliny o5 b3 a5 OtSU 5 (39,5525 b,
2 b3 Otsu 5,138 Glinl 5 pgai 0,5 55 5l eolatul b ojlge 25T 10 0m o ylid |y 418 .5 & a0 ¥ 0,651 51 oolazul
Bl Cowl odile L‘><L: ).:5..4.: ) (_gl.QuL».m.: C‘)M‘ l.: 6)L.J‘.\> ‘5‘)4 as L;).w}‘a.t Slsl QM 9 »)5..»‘59 ul.al.m ul—uu.\)
Sols Blo s 5 e L (o 5 Sl b ol e Sl @) 05 Ghlad iyt o iy b 51 g
S eolaiwl b ol o S5y polal gompmds glp 8L Caws Hling S (i 5l eolaial bl 6 4 olg8 oo
SSE Sy 5w slagli SAUIG Jhg) 4 G 9 005 ZlFl 1) (e g s (550) ROI pgai 1 o 5653l
Lef) U] wgs oo

<l b Sy gl sl -F-F

oo (529990 NI Cdl oy -F-F-)

Siiog ol sl o 0aliul ypai Col sl Sis gl Caz ol dils b Jds 5 LBP 51 colgiing s, 5o
5 (V0 Job a) Ssb ;o LBP pl Sstecs rned 9 (soloe S5k 3 & pgad el b 500 b 5 gl JS 55, 2 LS
Sgd oo (5 I8 sl LBP-9Block pgo Jow eyl jo canl aid, a9+ Job 4 Jlop S JSis s Jlas! s
Soliie (oo il (Shg sla)loy LBPr iz 1 glad iz 0 LBP slojlo s oS5 b ooleiiny b9y )0 Guizres
(VF) 2k, alal, b aidee glads ¥ 0 LBP glapl Sgico 5l Jol> (s )l bl oloe 5l 00l (o) 0 5 o8
Lol e BB s sl

(LBP, —LBP,)’ —(LBP, —LBP, )’ (Y¥)
Ol 5o e Sl wals vgzg (10 sk ) Ty b S neal So Sek A5G 2 65, 2 dse il eSS L
Bl a5 s s g a2 g0y iyl 5o 0ty Sl glaglads 45 ol ;S5 a3 03Y 555 oo 00eli LBP-Mix allie

lodds e g IR

Y)



VO-Y IVEF Lol /90 5 Cuads o lods fooplis Jlo /5 S 10 Jiadigd slo oy, 4 il

Table (3): Breast segmentation into left and right parts (Algorithm 2)
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Figure (2): Extraction of left and right breasts from the ROI with sharpening and Otsu thresholding
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Figure (3): Left and right breasts segmentation using edge detection
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Figure (4): Color image segmentation using the ROI
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Table (4): Results obtained from texture features without PCA (percent)
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Table (5): Best results obtained from texture features with PCA (percent).
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Table (6): Best results obtained from color features without PCA
ol 4o Judoxi' g0 Sy (S 3l ovel Camwdas gl (3 1(P) Jgu

(Cadlad 2l (S 9) (omas 4ol oo cds R e
MLP((G, B), ({tansig, purelin},trainrp) ay/af oo yoo VF/¥A
ELM ((Y, Cb), sigmoid) 0/Y4 Voo Voo YA
ELM ((Y, Cb, Cr), sigmoid) Ay ladidl aV/¥f OVINY
ML-KELM ((Y, Cr), poly-kernel) \ATAAS IATARY VYA Yy/EY

%)



VO-Y IVEF Lol /90 5 Cuads o lods fooplis Jlo /5 S 10 Jiadigd slo oy, 4 il

Table (7): Best results obtained from color features with PCA
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Table (8): Best results obtained from combination of features with the ELM
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Table (10): 3-fold random validation for the ELM
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1. Invasive 21. Fill
2. Semi-invasive 22. Dilate
3. Non-invasive 23. Circular hough transform
4. Extreme learning machine 24. Triangular basis function
5. Local binary pattern 25. Radial basis function
6. Multi-layer perceptron 26. Radial basis function kernel
7. Support vector machines 27. Linear kernel
8. Deep neural networks 28. Polynomial kernel
9. Auto-encoder 29. Wavelet kernel
10. Kernel 30. Database for mamma research with infrared
11. Local ternary pattern image
12. Single-hidden layer feedforward neural network 31. Dynamic thermography image
13. Back-propagation 32. Levenberg—Marquardt
14. Moore-penrose generalized inverse 33. Principal component analysis
15. Multilayer-extreme learning machines 34. Accuracy
16. Stacked auto-encoder 35. Precision
17. Deep belief network 36. Specificity
18. Multilayer kernel-based extreme learning 37. Sensitivity

machines 38. Resilient
19. Region of interest 39. Gray-level co-occurrence matrix (GLCM)
20. Opening 40. Convolutional neural networ
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