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Early detection of skin diseases using linear
and non linear spectral unmixing algorithms

Abstract
Detecting diseases based on different imaging techniques is one of the
most important methods that modern science has reached, spectral
imaging technology is considered the most advanced because of it is
very accurate in early detection of diseases and has low cost, in
addition it is safe and does not cause harmful effects because the
imaging is in the visible range and the first part of the infrared.
Spectral imaging technology depends mainly on capturing a group of
images of the same scene for different wavelengths and forming a
spectral cube which consisting of two spatial dimensions and the third
dimension represents the wavelength, this allows us to plot the spectral
values of the pixels as a function of the wavelength and each pixel will
have a specific value related to the wavelength, this makes it easy to
notice the difference between the elements of the scene due to the
unique properties (reflection-absorption) of each of the photographed
materials.
Spectral imaging process produce a group of pixels that represent a
mixture of pure materials and components called in this case (mixed
pixel) , each component of the image contributes in a specific
proportion in forming of the mixed pixel, these components can be
distinguished through a set of automated algorithms then classify
endmembers and calculate the proportion of them in the image through
classification algorithms.
In this research, we applied linear and nonlinear spectral unmixing
algorithms on spectral images which represent skin diseases in order to
know the endmember which form mixed pixels automatically where
each endmember expresses a specific area or disease from the scene
and then classify the mentioned endmember and calculate the
proportion of each of them in the image.

Keywords:
Linear unmixing, Non Linear unmixing, Classification, Mixed pixel,
Spectral imaging.
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csgyaal) Algadl palic (e pale
I (NLU) dadll e zoall ol 4yl Jiganall Jabadl (5)JS) Jiay
Glat Aaeylsd aladialy il CaaSal) sl miaty fas lly Caad) Lea )
Gubi P e 430N AEl paliall aasd S (PCA) dwll) il

79



Al g adll Adal) el b i) ga aladiiady Apalal) () peS Sl (i)

Sl aldeylh dllyy Albedo  Jalze luad Junyl, N-Finder 4wl
Ghall & el @l Al 8 adladinl S gl duall dpadl (ailadll
o 3ygall jaie S dud Qlsy a8 Al

[ Spectral images ]

|

dirmensionality reduction using PCA alzorithm

Generate pixels vectors

Determing initiz] Pure pizels by M-Finder alzorithm
!

measure sheorbance and scattering coafficiants

!

Calculate albedo factor

!

Oirtzin Fractional atnndance for simels
sCattaring a=Linear)

J,
Sem=i>

Mo

ez

Obtain  factonzl abondance for double
srattering b (Monlinear) by nonlinsar equation

It

- T
Mo -~ o

_---- -\--\-\'-\.
{_\H\_ Am+Dri=1 __H__}
"-\_\_\_ __,_F'
T o

-

Tes T

fFractionzl abundance for

Endmernbears in miwed pizeals

|

Show each
endmember in EVII
interface

s

da el (NLU) (bl e z el dlidua )yl & o(5) JSall

80



agall ue 3 Alee gy o sladl gl 2022 ple 3 23l 44 alaal)l Cad) daaly Alse

A8l .8
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f AUl gy SN sl o Lallaynn aleiisey
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Byga palic Ac ganal (albedo) Jalaay pl&ai¥ly Lalaia¥) Eblalaa (l)dj.};l\
:550NM asal) Johall vie dlsse

() Hs(mm') ps(mm™T) Pixel location
0.54 9.22 0.84 100.54
0.74 8.24 0.084 .
0.60 14.32 0.071 500,60
0.95 11.12 0. 54 150.120
0.36 15.69 0.096 200,65
0.7 14.25 0-24 250.150
0.85 10.11 0.87 144.80
0.14 9.66 0.46 170.140
0.98 13.65 0.07 220.180
0.47 158 0.64 112.246
0.78 8.9 0.71 147.256
0.51 12.58 0-42 125.36
0.63 14.69 0.97 145.78
0.21 9.68 0-77 189.65
0.54 11.65 0-64 241.35
0.23 17.2 0.29 126.41
0.95 10.65 0.59 174
0.85 12.54 0.44 212.312
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tAg el shlidl (e dahie JI Z-profile dalall 4daiuy) (12) Jal cowg
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e - W
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(Spectral-profile) (12) Jsa
Blad) Ghbidly ol dlaye GUajudl Gleadl hbd) Sua & (13) Jea 8
sl e 255 dagll v (Thresholding) cagiai shal DA e sala il
G NLU Ga s 3o b Bl (galal) eVl Gl Alaye ol 2885l
(9) JSal el
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255 daill die 14l 8 aladl s jually dbaall 3laliall Cafatll A :(13) S
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2 el eyl e Al sl glapull A Alie (2) deadl G S
I Wt A lamy Agial) dudl) ae add)l zhall Gli g lsa Jadll
R PE P S ERU I
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gal) ) o~ (NLU,LU) Aaa))lsA Aaih 455lia (2) Jsaall
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by geall Uit} dous o boe Byl yualic Lo
s Llad A gl | 9] 2 B
2 ? NLU aladinly | . Llaal) 4a38al)
o s’ [95 . O -
LU (d | slad) oyl PSR
) ) NLU alall lapdly
Al Aagily
LU
34.5% | %9.72% 2.4% %15.21% %14.84%

) @l Ayl Gukt e Aasll) Uadll A o (2) Jsaall @il A e sl
cohall z3all ¢l G e Gadas e Aatlll Uadll dows e LS JE 4 el
Slelly ol dsje Glajdl ge spmall Byseall sualic G (3)dsaall W ek WS
el e bl gl b e )l Gk dagi galal)
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NLU 4aj \6a dai ) 2] oo Bpmall ) guall jualic dpud
Ul el ) (8 dpmall §) gl
7.11%(error=5.4%) 7.52% | (&) Adaye) Uyl liadl) 5ypeall pualic Lo
5.46%(error=3.3%) 5.65% Gl ClElV L Lladl) 3)gall jualic 4
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Alal) Uyl Llaall Ghliall 5pail 255 Lgiad die Gk dag 1(17)J<al

255 dde dad aie LU 4oy ld dagt ity alad) s pudl Lladl) lalial :A
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) s pudl 48 gal) 3Ll JaT e 255
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Sle (thresholding) Gl sy s0a e & jaie S Jie (19)dSal G

{(NLU) dgn) A dnis

Ww
»

4;_\'.’\.\ L.;c [ERTet ¥ LB:""L:' 4;.\:\.\ :\.UAJJJA” YAl dbal 'f:)}u.aj\ J.a.a\.\c :(19) d&wﬂ

Al ge A0 518 JS Jal e 255 dge xie (NLU)

o el 8 )l e Aall) alall GUayud) A A3Ee (4) dsaall 4 S
Gis tadll A Cluay Aagal) Lawll pe Jhdll ziad)l ol $ya) s Jadll
e bl e giall Gl Ay a5 Laadly dpey)la JSI(19) Aaled)

tiggal) ) ae NLULLU e lsa daiis 45)laa 1(4) Jsaall

o 3,9l .
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NLU NLU aladl la el
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26.35% 29.87% 2.11% 23.14% 23.64%
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Gk & gsals e Blaal) Gkl Gliml Ge degene (21)JS3) o
Dl e letlon 2 ) € b e il Lok s g ledde (NLU) gl
(19) Wstal

6.22% 4.69% 4.16% 5.74% 3.21%

3.82% 5.49% 3.96% 4.81%

dals clie e NLU 40l Uad 4 (21) Ja
raUlaadlall g claliiiuy) 9

O WlaY dpalall bl e NLU 40 lsa Baadii (g Lle llias 3 bl DA (g
(4-3-2-1) @bl Jslan 8 Wy LS (%7 lsa) Tan L8 Uad 4o Gllas Fua) ylsal)
Gl ddee b L liS Gy Lty sl el ol daa) sl 508 Uad daws il
PR EN T o AN W | REICINREN

il A8y o Laas dgeael) cluhall 8 WSS &5 ) il ylsall ae dyliallys
el i B lsa Jie ikl ) (e eial o sadiadll cibiay lsall duilly
%80.70 culexll (i€l 48y ~ i) e cilie e leiulai & 4l (Band ratio)
ol Lo sl 89.98% oyall iyl aiil a5 19.3% Uad A Jaolay L
[6] aasad (10.02% Uas 2o

Laplsd Jie il Jaall JelS o saciad) Lmajal) cluhall il L
il ddy culkd (K-means) Glawgiadl oo K 2o e slaieYh caiaill
dpalill K-means iwlss Jal e 15.7% et 4w Jalay L f 84.3%
Al K-means iw)jlsa dal e 9.4% e L Jolyy L 51 90.6%
[9] gl

94



agall ue 3 Alee gy o sladl gl 2022 ple 3 23l 44 alaal)l Cad) daaly Alse

il el i3 e O Tt s iglia o) (6) Jsaadl A e g3
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Aal 10
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e lainly Jaid pilad) (ulSaV) Gon Al JJadll adall o5l i A lss
Hpall b g Clusy Lladl @hlidl cana all ezl @b 440))lsa

7 Sl l Uadld) dows of bl A (e Liauag s Ay

95




Al g adll Adal) el b i) ga aladiiady Apalal) () peS Sl (i)

o U\

[1]Athanasia-Maria Tompolidi, Olga Sykioti, Konstantinos Koutroumbas
and Issaak Parcharidis, 2020, Spectral Unmixing for Mapping a
Hydrothermal Field in a Volcanic Environment Applied on ASTER
Landsat-8/OLI, and Sentinel-2 MSI Satellite Multispectral Data: The
Nisyros (Greece) Case Study, remote sensing, vol. 40, 1-25.

[2] Fang Q, Albdlaty R, 2016-Hyperspectral imaging and data analysis of
skin erythema post radiation therapy treatment,McMasteruniversity-
biomedical engineering, Hamelton montaria, P182.

[3] Villa A, Chanussot J, Benediktsson J, and Jutten C, 2011-spectral
Unmixing for the Classification of Hyperspectral Images at a Finer
Spatial Resolution, IEEE JOURNAL OF OF SELECTED TOPICS IN
SIGNAL PROCESSING, Vol.5, 521-533.

[4] Arngren M, Larsen J, Larsen R, 2011-Hyperspectral image analysis of
food quality, department of informatics and mathematical modeling,
technical university of Denmark, vol.255, 521-534.

[5] Rashmi S, Addamani S, Venkat S, and Ravikiran S-2014, Spectral
Angle Mapper Algorithm for Remote Sensing Image Classification,
IJISET - International Journal of Innovative Science, Engineering &
Technology, Vol. 1, 201-205.

[6] Soo Hyun Park, Hoyoung Lee, Sang Ha Noh, 2014- Multispectral
Wavelength Selection to Detect ‘Fuji’ Apple Surface Defects with Pixel-
sampling Analysis, Journal of Biosystems Engineering Vol. 39, 166-
173.

[7]Wng-Hee Lee, Moon S Kim, Hoonsoo Lee, Stephen R Delwiche,
2014-Hyperspectral near-infrared imaging for the detection of physical
damages of pear, Journal of Food Engineering, Vol. 130, 1-7.

[8] Madhura M, and Venkatachalam S, 2015-Comparison of Supervised
Classification Methods On Remote Sensed Satellite Data: An Application
In Chennai, South India, International Journal of Science and
Research,Vol. 4, 1407-1411.

96



agall ue 3 Alee gy o sladl gl 2022 ple 3 23l 44 alaal)l Cad) daaly Alse

[9] Raval U, and Jani C, 2016-Implementing & Improvisation of K-means
Clustering Algorithm, International Journal of Computer Science and
Mobile Computing,Vol. 5, 191-203.

[10] Tianxiao M, Runkui L, Jens C, Xianfeng S, 2018- Linear spectral
unmixing using endmember coexistence rules and spatial correlation,
International Journal of Remote Sensing, Vol.35, 3913- 3536.

[11] Su Y, Xu X, Li J, Qi h, Gamba P, Plaza A, 2020-Deep Autoencoder
With Multitask Learning for Bilinear Hyperspectral Unmixing, IEEE
Transactions on geoscience and remote sensing, vol. 207,1-15.

[12] Mou W, Min Z, Jie C, Susanto R,2019- Nonlinear Unmixing of
Hyperspectral Data via Deep Autoencoder Networks, IEEE Geoscience
and Remote Sensing Letters Vol. 16, 11467-1471.

[13] Xiong W, Chein C, Kalpakis K, 2011- Fast Algorithms to Implement
N-FINDR for Hyperspectral Endmember Extraction, Proc.of Spie Vol
7695, 1-12.

[14] Yiicel Cimtay, Hakki Gokhan ilk,2018- A novel bilinear unmixing
approach for reconsideration of subpixel classification of land cover,
Computers and Electronics in Agriculture, Vol. 152, 126-140.

97



Al g adll Adal) el b i) ga aladiiady Apalal) () peS Sl (i)

98



