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In this study, an intelligent machine-vision system was developed and evaluated for detecting
chicken gizzard adulteration in ground red mutton-veal meat, using digital images captured by
a mobile phone. To this end, standard samples of minced red meat (55% mutton and 45% beef)
with varying proportions of chicken gizzard (0 to 100%) were prepared, and images were
captured in a laboratory environment both directly from the sample surface and through plastic
wrap packaging. The color features (RGB) of the images were extracted using the MATLAB
image processing toolbox, and modeling was performed employing statistical and machine
learning methods, including Principal Component Analysis (PCA), Partial Least Squares
Regression (PLSR), and Multilayer Perceptron (MLP) neural networks. The best performance
of the linear PLSR model for estimating the adulteration percentage yielded an R2/=0.7 and
RMSEV=16.51 under conditions without plastic wrap, whereas the nonlinear MLP model
achieved an R2v=0.97 and RMSEV=6.673. These results were lower (0.9 and 12.54) for the
data acquisition through plastic wrap due to the light reflections caused by the covering.
Furthermore, the MLP classifier achieved classification accuracies of 85%, 96.4%, 92.6%,
73.7%, 76.2%, and 96.7% for adulteration levels 0-10%, 10—20%, 20—-30%, 30-40%, 40-50%,
and above 50%, respectively. The average precision, sensitivity, and F1 score for the
developed model were obtained as 0.975, 0.974, and 0.975, respectively. The results showed
that this non-destructive method is both fast and reliable for identifying gizzard fraud in ground
meat, and can serve as a basis for developing meat quality control systems.

Cite this article: Cite this article: Rezazadeh, M., Kiani, S., Ghasemi Varnamkhasti, M., & lzadi, Z (2025). Development and
Evaluation of an Intelligent Machine Vision System for Detecting Chicken Gizzard Adulteration in Minced Red Meat,
Iranian Journal of Biosystem Engineering, 56 (2), 9-105. https://doi.org/10.22059/ijbse.2025.398182.665600

© The Author(s).
DOI: https://doi.org/10.22059/ijbse.2025.398182.665600

Publisher: University of Tehran Press.

o=

ISNN: 2423-7841


mailto:mobinrezazadeh905@gmail.com
mailto:s.kiani@sanru.ac.ir
mailto:ghasemymahdi@gmail.com
mailto:z.zahraizadi@gmail.com
https://doi.org/10.22059/ijbse.2025.398182.665600
https://doi.org/10.22059/ijbse.2025.398182.665600
https://orcid.org/0009-0008-7102-6060
https://orcid.org/my-orcid?orcid=0000-0003-4152-2991
https://orcid.org/0000-0001-6339-2062
https://orcid.org/0000-0003-3194-7371
https://creativecommons.org/licenses/by-nc/4.0/

91 Development and Evaluation of an Intelligent Machine...
EXTENDED ABSTRACT

Introduction

Food adulteration is a significant issue that impacts food safety, consumer trust, and regulatory
compliance globally. One common form of adulteration in meat products involves the unauthorized addition
of cheaper or lower-quality ingredients to higher-value meats. Specifically, the adulteration of chicken
gizzard—a low-cost offal—into minced red meat, such as beef and mutton, poses both economic and health
concerns. Traditional methods for detecting such adulteration often involve destructive, time-consuming, and
costly laboratory analyses, which limit their applicability for rapid quality control.

This study aims to develop and evaluate an intelligent machine vision system capable of detecting chicken
gizzard adulteration in minced red meat through non-destructive and rapid analysis. The core objective is to
assess the feasibility of using digital color images captured by a mobile phone to identify and quantify the
presence of chicken gizzard in mixtures of beef and mutton meat. By leveraging advances in image processing
and machine learning, this approach offers a cost-effective and efficient solution for detecting food fraud.

Materials and Methods

To simulate real-world adulteration scenarios, standard minced red meat samples were prepared with a
fixed base composition of 55% mutton and 45% beef. Chicken gizzard was added to these base samples in
varying proportions, ranging from 0% (pure red meat) to 100% (pure chicken gizzard), creating a
comprehensive gradient of adulteration levels for analysis.

Image acquisition was performed in a typical laboratory environment to evaluate the system’s robustness
under less controlled circumstances. Each sample was imaged in two ways: directly from the exposed meat
surface and through transparent plastic wrap packaging, simulating commercial retail conditions.

The color features of the captured images were extracted in the RGB (Red, Green, Blue) color space using
MATLAB’s image processing toolbox. These color components served as the primary input variables for
subsequent modeling.

Data analysis involved a combination of statistical and machine learning techniques. Principal
Component Analysis (PCA) was first applied to visually discriminate the samples and identify the most
significant color features related to adulteration. Partial Least Squares Regression (PLSR), a linear modeling
technique, was then used to predict the percentage of chicken gizzard adulteration based on the extracted RGB
features. To capture nonlinear relationships and enhance prediction accuracy, a Multilayer Perceptron (MLP)
neural network was also developed and trained on the dataset.

Results

The analysis revealed a clear trend in color changes corresponding to increasing levels of chicken gizzard
adulteration. This shift in color composition reflects the intrinsic differences in tissue pigmentation between
red meat and chicken gizzard, providing a reliable basis for discrimination.

Quantitative evaluation of the models showed that the linear PLSR model achieved a coefficient of
determination (R?) of 0.7 and a root mean square error (RMSE) of 16.51 when predicting adulteration levels
in images captured without plastic wrap. While this indicates moderate accuracy, the nonlinear MLP model
significantly outperformed PLSR, achieving an R? of 0.97 and RMSE of 6.67 under the same conditions. This
demonstrates the superior capability of nonlinear modeling in capturing complex relationships between color
features and adulteration levels. These results were lower (0.9 and 12.54) for the data acquisition through
plastic wrap due to the light reflections caused by the covering. Furthermore, the MLP model was implemented
as a classifier to categorize samples into discrete adulteration intervals: 0—10%, 10-20%, 20-30%, 30-40%,
40-50%, and above 50%. The classification accuracies achieved were 85%, 96.4%, 92.6%, 73.7%, 76.2%, and
96.7%, respectively. The average precision, sensitivity, and F1 score for the developed model were obtained
as 0.975, 0.974, and 0.975, respectively. These results indicate that the system can reliably detect levels of
adulteration ranging from low to high.

Conclusion

This study demonstrates that color image analysis combined with advanced machine learning techniques
offers a non-destructive, rapid, and reliable method for detecting chicken gizzard adulteration in minced red
meat. The developed machine vision system effectively distinguishes adulterated samples and accurately
estimates the level of adulteration, particularly when employing nonlinear models such as MLP neural
networks. The ability to perform such analysis through images captured even under less controlled lighting
conditions and through plastic wrap packaging highlights the practical applicability of the system in real-world
food quality control environments. This approach can serve as a foundation for developing automated,



Iranian Journal of Biosystem Engineering, Vol 56 (2) 92

software-based quality assurance tools in the food industry, enhancing the detection of food fraud and
protecting consumer interests. Future work may focus on expanding the system to detect other types of
adulterants, integrating hyperspectral imaging techniques for improved sensitivity, and developing user-
friendly interfaces to facilitate adoption by food producers and regulatory agencies.

Authorship Contribution
Mobin Rezazadeh: Writing — original draft, Methodology, Data curation, Software, Formal analysis.
Sajad Kiani: Writing — review and editing, Formal analysis, Investigation, Data curation, Validation.
Mahdi Ghasemi Varnamkhasti: Review and edit, conceptualize, supervise, and manage project
administration.
Zahra lzadi: Advisor, methodology, and resources.

Data Availability
Data available on request from the authors. All the data used in this original research are presented
throughout the text and in the form of Tables and Figures.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-
for-profit sectors.

Conflict of interest
The author declares no conflict of interest.



YFYY—YATR) Ll
Homepage: http://ijbse.ut.ac.ir

w; ): 8;49 u‘ g 9433 “:‘ s )95.144-’ ,‘o,';’,sg WL@ Uﬂuﬁ alolw &i u’.’l?.))‘ 9 W9s

83,5E > 08

Y 0300w cOF 0499 ¢3! g3 i g widago Alxo

£ . LY . . g o My . Yanlelsy . -
&3 12 | (Suwlgduoliyg (ooml (g |77 (LS sl [ 0315L5 5 oo
mobinrezazadeh905@amail.cCoM :aablly .1yl 3,8 yod 3,8 4 o1y (655l oIS piampmrgns SlKo cwdins 29,5 =)
:4bLy Ll co )l gl (b mlio 5 (6)sliS” pale olKild ¢ 65,0liS 0uSUl uiimpmgyn Sl awdine 09,5 1 gkus oo =

s.kiani@sanru.ac.ir

14bLy Lyl 00,8y )8 o oI ¢ 65,9liS” a8l (uimmign SOl cwdins 695 1 s bdiuws g8 =Y

ghasemymahdi@gmail.com

z.zahraizadi@gmail.Com :aeblly . ]yl 3,8y 3,8 peus oKl (659l 23Sl (pirmmpmgn SilSo  pwdiges 09,5 —F

US>

4

o ol

oud b5 Jlomd yglad (S5) Jow 5l gySee b odle (ol e Madign glaibol Shmghy ol
0303 daurgs 04 2 g gihugS jo)8 CaboS g Kb (9381 S et (gl olyen il L
raoy b (Alogs Y07 5 waugS 007) 00 £33 58 S pguye albdiged opglaie ity A3 (bl 5
) 3l 9 Wg03 (59, 3l paitans olSilof] amo (5310509 Laalyd 5 5 4 (800 Voo b +) (it il
by gl clie e )3 ladiges pglaB) 5 G R) () aShy 6ad )bppgad Joile dun
8 PLSR) ) (i laye i (190 )55 PCA)) (ol laadlio Jilowi ol (pdle 655k (slagsd,
2o)> (0055 gl PLSR Jao s (it 45 plsl (gjloJeMLP) ) Yy (gt (S9ae (sas
ol b Jolb VEIBY 5 <V L ply (gl (iBgy (g Sl )3 RMSR (a3ls 5 R? (s oo b i
& il Lide b b (ly s & Sygo )3 del Cands SISV 5 +/AV L ply MLP Jas gy lnjasls
QEIFT. MO sl L MLP sudib Jse ol cats (VIOF g +/3+) 5wl (ide )9 slaolSal Jus
g ¥ om0 L XX L NN NN T N 8 badiges sy 4RIV o YEILY WYILY AYITE
IAYD iy 4 o dlu) Je (gl F1SCOME § cmlus oo sla 1 Sibe 3,8 (sandids 1) 07 51 Liw
i i ololus (ol slesel BB g gy wo e oy opl 3 i guls el custs +/AVD 4 +/AVE
8 o3litnl 3)90 CudgS CudS J S Gadilols dawgs sl (alue e Blg5 o0 g Cunl 03,5E 2 CudS
238

ings o il g4

AR ATAV AT PR W TR
VYV 16 5k b
NEXIVIY i dy g )b
V¥ bl 1)Ll & ,U

tgMlS slaojly

He Sl

o2 ME i

(L gal GLdSud
Silw o

okriedy Mader yuble (ol dlob G objl g dmwgs (V) 12 (o0)] 1 gdpe ¢ swlgtul g coml Dbrw ¢ LS ¢ pme wdljlsy bzl
A=Ve0 ‘(Y) [N ‘LJ/~/ LJL"’/ g wdigo =L[>r.a ‘bb)st)% ).0)5 w; BEl 8).4 ‘)L\iu: «.,J.a.v ua_?uiu

https://doi.org/10.22059/ijbse.2025.398182.665600

ool

oy ol&isly ol Ll duwho 1l
DOI: https://doi.org/10.22059/ijbse.2025.398182.665600



mailto:mobinrezazadeh905@gmail.com
mailto:mobinrezazadeh905@gmail.com
mailto:s.kiani@sanru.ac.ir
mailto:ghasemymahdi@gmail.com
mailto:z.zahraizadi@gmail.com
mailto:z.zahraizadi@gmail.com
https://doi.org/10.22059/ijbse.2025.398182.665600
https://doi.org/10.22059/ijbse.2025.398182.665600
https://creativecommons.org/licenses/by-nc/4.0/

(‘:w.?eg}’ - u.oJ&) IF+F Ll ¥ o lows DF 5493 (3l 2] pimswignt owiigo Ao AF

-

400
w5 3 ol Bl blice (6y9p8 slmr sl a5 300 oMl sl o) e & el gy Sl b p 2l o3l G S
Ofign 298 bl g (mas SMes g (il (50l (Bgpem( M as)lon (I g 0jedld] el dlgie N
g a0 dlge I By ogls cpl pogdle ((AZari et al., 2021) cul cucnl Blo e mas slaaii, i) cas o) )0 39390
) cbgf i ol Y (8ol o cslbgl 5 aizslipal iz VU S | 050 D BL2 polizg el s sl (5lo ool
Sl cwseS g a8 ko ] oM G Y )0 Klg e a5 sl pre (g3k0 dlge cpl Ly pas glixe 4 Slie a
29550 s B (551 g loialing Elgil sy g ol Ailo Same dlgo o1y (sl (60 Azl (gl (gsl> dias)) (sl
iy Sl glojls slaylel Loll ;. (Dehnavi et al.,2005) auS cunails e Slge o 5 elS 5 g s 3 1, o1
(WHO, 2024) sl 15 1o clyy Lo )3 p)SokS WYID 3905 ol 13 50,5 CusS Gyae 5l

$o b 00) stk 30,5 (slacubsS o 5 51 o8 cand ) s3] 3 Bpmnyy 155 (sloodygld 5] (S 058 b
5 Emed Oygody B 368 o0 ol CudieS g ya olSiwd 1 oolitul b cudieS £o5 ol D9 o0 ad (1uoyd ¥O b F+) dllugS g (1o
g oSy w5 il N e 155 3 (255 lbogld o gibpnns | (o lyied 02,58 b T SIS,
5 S 55 loli Ll oloige Solil |y o Bpmn 5 csilueslel a1 Jpams (ol (S Sl s 5 S 5 oIS
il 3538l 5 03l sy Kol eyl LS 5 £55 5 (5lals 4y (Dean et al., 2005) cusl 03,8 g 1y 51 5 i ageis
drwgs (Morsy & Sun, 2013) 555 0 Jlos! (s pctms @ )llas &S Sl yauiS )3 0394 cad o iulj8l ]y Cadd 55l b bro e
clol s cuis bis bl 3 @l pl8l S lyie @ s ClS 5 Wb g plolid Gy (ng slagby) xS
@ Xlgi o Y gamo pl ol 0,505 g yetame SBla g 385 (olodluliwl dbul (mitten Cuwl (6ygp8 ¢ b5 Y guaeo
Mol )3 e i YT WS & jgums s diges p> Gl puiomand led S S8 Slie ool £li5)) ¢ a8 puno sloie] o gis
sanlie b pl (clacuisS )3 d g oud (6y9],3 dewd g 0as (65918 Y guae Aisle 3, luliwl LS (glly xio (slaod gl b 4> as
Sadeghpour et al., ) 1,5 o )18 Wil 350 CusS clol Hla 5l osis 181 ladigas | do)d TV cgaoome ;0 &S (gy5kay Canl
Alie cliol) 5 Casl 03,55 > cubsS 1> LB 1 pals 5 s g dihssS CudsS S 5 b Ep0 it 33,5 biglie (2019
35 (55105, (POR) Shyady oo STy b gl gy ool 4l dnogs (300t pISLes] (slashg, il b
Ml (aastie (G955 9 48yl Olines Majls g polej cdijoy Lol L)y (Vb €8> (598Ul (9Swg Sen 9 (002 (Priwish
(Ballin, 2010) 5,55 3935 olEiglel j1 2,5 bl 5l oolizsl oSl (ppizeod 5

Cop ogdle fpdle (ol ol pdle (ol oolitul (gl3E Sl )3 B g CukS lomi 3 cng by S
S ) 9 pasedi ) (@Yl Uy (Be) ol sl 03, e (2l 5 )l o 3 g canl 5 olaBl G ) (paise
ersy0ld o o hgy il slacgemme 4 puile Sl )b diges cil jldle 5 Sy duslis jl oolainl b olie dlge > L j8o45
5 053 )las (il Colin (iS5 ) 53 5 900 S & pglal 095 Julod gl o 90 SIL
Y gaxe obi)l gl 35 55)3WS 0je> ()5l cpl (Minaei et al., 2017) 5,5 o )8 ooliiwl 3)50 &Y guaste (glbdin
o) 52,85 51 (o3l dols] > el eBly S olKilafl S gl 5 IS5 5 o5l o5y s (6, sl Sy 5 5l egy
ol 0045 03)9] CubgS  SrwwcatS ) dilolw

& Gliee L Al sudgi Jaame 53 odd 555 CubsS doyd a5 ol Hlis pabad ijloy ool eolatwl b aimed 5o
LS Sl 5938l (e (owyp gl Cpiomen MBI HSOAS6 b (gl ime ST (gylal Jlai ) pliiiBl 03l ) s ool s
Jogime S W86 o)Ll i | 5 sadgs sl By 5l ol ead ()15 (i b gl Sl 5 slibdly g 3l eslizl L
(Dosti Irani et al.,2013) 1 odlawl yguas (il (550l 3 50,8 CubsS oy e e cps (Asadi etal., 2023 ) wog
JS 5 45205 b wizmen b (LS €SS (635 it lp ) rpal () S LS 5 0 8l S sy adllle )l
2 9 CudgS L g9 93 (g (Lol Cua piyel Cono 9 83 (e (22 4ol 4 barje o JuSey dulne g pslas

1- Machine Vision



b . .».ow)yb WLO ‘:‘"L@g alolw tS.: ‘;.31.1)')‘ 9 WQ}' :&‘)&oﬁ 9 bb‘}bé) (u.w.bg)a - ‘soJ.C)

g dlwgS CuieS ol yasuie slaciowd (5l pdiged b )00 dgh jd b 55 Mo yd AAYY 5 A/FA L plp cuiy 4 Ll
logle; )3 ol 5l )b ppsad 5 ((osmmds 42,0 ¥ (lod) 2kl 5 (wgpmuds 4253 A (slod) ql Lo 93 )3 o (2138
9 an ) b (Sib a5 S jlalely lailebs siilys pgad (Bl (5)gld dlwgts pglal Jlotigh o5 e g il
lobo §) a5y CudgS 5,8 s g 55 TVB-N' (lyizes 1o ket g oy oyl (sl (Javadi, et al.,2017) w8’ jasia
o pitoiz (ygmolyllS (sl _Je (YANG €L al., 2017) 15 o3litl zagili Vo ++ b ¥+ iuds 03g10t0 3 (HSIY il (s l51 g
Js B s b el aub a3game 53 (LS - SVM) clagye Jolis oy oy slapymilo 5 (PLSR) S5 clayye Jolas
Sod S dixie sladiged piigyn (slome (V) S Sl odlaiol b )00 (gladllas jd .0605 ez |) TVB-N (glgizes
Ma et 2019) 1 ;) cutdge L PLSR oy slodse s (MLPP4Y sz gt snae 45 jloolital L oad g9l 5
)5 )18 odlatal 3)50 103 B+ BY golaw 3 03,57 2 CudsS )3 Slg> 5 (2LS lacdd L)l sl )by pga slels (al.,
TYI0 3 508 slas g R¥=4/AA polie b (53938] dlge pdaw ausedd g oy 3 lis @l imgh opl ,» [(Rady et al., 2021)
25 tesl @l Slge cudlig 5 o5 Mo i | Gl Sl w52 €355 50 (5 lgme & WS e So> (gl ) B s
ksl .(Koekoeh et al., 2022) .3,l> oS cdl cuiS 3 5 Sl i 4 a8 o Gasedo |y okip b olos abanisS  S5eSs
siztadlys o] dpwgay g S 1) CgS (Gsd Llgme sl Sl e g S dbpotiigshe o)l clgie 4Ty nupal S5l %)
oy, il oslil & BT (alls cudgS ) gyl yrpguas j) odlisil b (gl o piodes 53 S (yess |y oS (395 5 (39 S
L (Cruz et al., 2024) 1 ooy Lasuis Job B cds b Sed g 98 cbed sla 53958 b Joammo cpl j3 & v coudd
CodsS 35 5 @y b)) Ol il (6:53L lapi sl ) s pSo e b wile (2l (65518 00l plol slaing 4 ar g
A8 ) G St g (2l el G )3 (core (BB Wl o (i (g (sla gy S 53 g 2jleee a3 1) cudS
s3lS Jelge S (S g it 005 1S g calie (631090 diojls ekl JB g (385 3Sdas (dlp dle ol slaalols
il 4y e Wl o 595 camliol Ll b dgeeS g amd o 5y 15l ot rd 4 |y (g0 bawg 00l ol ygual CuiS 45 ol
2l ladilbol 3)8 )3 wro lagtlle 5l (S gdge (nl 298 pgal Cuwl S Ll g wwlBl UL dagls sbul gy
b ik glapt oSl 3l oalizl (il ol g e (gl ol ool 5l )5 (Bl (slalaome > i (2t (sl bl
& 1o by (rwcdlol pbnl (pinilSal imggy cnl 3 sl (63958 631 pngal SlivaS ol )l 9 )98 Syt
ol Sl pulply Ad ) (B J) 5 )5) (AES58 5310509 b laee )3 olper (48l uyed gl Sl eolisul b o
c63lodly aiboleo 5l (Y g g LT 133l 5 ) jaome iadbgm edle (lir bl (gluodly g (b () 53l Sidgr lee imgy

&gy Lame )0 dllwgS— shidwsS 03 SF > CudsS LS 5 )0 Epe i B Mo yd ausls )d sl

B ugy 9819

Baiges (g 3lwodlel g anp

S5 by ag ofl g Vb CudSh (6ll5) (suihnsS g (Cusd ) dllugS CudsS 03,52 2 CudsS 53 i S (giloand (ol
55 Ep0 03 AKis B0 S ) g £ stk CBeSE e olSied b lihugS g 400 5 dlugS cuidgS LD 5y g 3 kil
Galisee (cladoyd b odd Fya GSiw (3,8 L] 5l ey L5 05 o CudsS (clbdiges A5 Fy3 CudsS (sladiges b dliie g 4
VY ooled s ans (LAl odd Fap ISt Ve T g Al old Fan cubsS ) Gl O o3 L Ve A b oK i pe fiKi
LS F g daome (3 eiS jelaieds diges das

- Total Volatile Basic Nitrogen
Hperspectral Imaging

- Patial Least Squares

- Least squares

- Multilayer Perceptron

- Alpaca

- Chemometrics

\IO‘\UILUJ[I\)»—



(o293 — o) Y+ F Ll ¥ 0 5loud DF 2595 ¢y 2] pimnwignt cwdigeo dlee 45

rdigad 51 (5512552900

Galaxy S21 ) ol jo (545 (12590 | 03listol L Wndigas yughias calos ol 13 9500 ST (31 poyugea b yugleas (5310 2228
SlacesY) Lges (55, 2 i | pgwye (5315 98 b OBslej] b 13 g (syta oo Y8 3 ¢ JuSulKe ¥V laseta L (FE 5G
D5 45 (6 o ol Ve abiold Sl il (ibgr (g g (il lbgr b Sl 93 )3 ndigal gl ad plosl (43, ¥ (Slige (il
g5 b pbl (5o gl g byl duome diged gl b jlany 45 gk A plomil ()10 gl S5 aw by )3 () )
Y Cold ) b 03D diged o ol pgal T g el jgeal Vo &) Wiged gl o bdigel 3 (Kenl Jloinl gt 4
5 0D 6yl pgas s b sl () +xYY) g

P ' -~ .
L (@ 9 Opihw ldgr (g AlwgS—galiargS 03,5 £y CudgS diged () y2900 (2 5152 29005 2950 9 0l o (IS (1Y UKW
09w by

S5 !5l g g (9310

GiProm g b roie hel Gisu 9> Jald (Bilay g (Biln L isel sla Sk gl selate 4 (8L pglas
CautiS doabs jobaio dy e 3D i 53 A (600 el JuSo Vox Ve laojlil & el g (6)135L yglal cCunss p5 )0 L]
2 el oaiiS Jlgan ilid ST cnl (sl wcanl Sl Jalie 1 (S 015 iy Bl s gl il <3 ialil g g
el opalad ;3 olidgy ud SRS Olpss 5 atwledl sla 315 jtals' b jild g9 cpl i odliiw] yguas dalad o (53155 i
2 (B) ol 5 (G) 5o (R) 30,8 Jold glias labd (S5 (o JUIS s g o0 (S gl gloodls (giluodls 5 05 Jlgan
45 555 inidgh (sln Jao bl sliiess cg306 (b Sg 5 ol A5 dsns ok JUS b (S 5 el e o
w5 oMl pgbad (3l sl (20248) Cdie )38l g (33 Il dsee ]

Mowigh sl Jso Syl g g9lS31>

3350 e plales ca (PCAY Lol sloailge s | 635000 b (ol 5 (s sladiged Sl odolcunsty (S sloosls
oo 5 MLP g, i Jio PLSR (ot (9005 (sl i s s (005 (sl eipon 555 )3 oy
A5 o3l MLP (sandils

PCA Juow

cv9y onl 5ol pho SleMbl ol cawd Gl el ool slal el uisten g edly STy Gisles o, S PCA - s
gl g le (il ogag sbalo g plyis 4 (PCS) (Lol (slaadlie g dmloe (uillgeS (o o s 9 (55l il L] o ppse
oibyly Hlade bl p Lol laddie slasy QL] WGS o Chuogl o2 1 d5es slacgs j0 1) odly il )ly uSTas oS Mg o
2oy A 5| e ggame 3 ] plnailie & (b 5 o Sy (o529 lie) ailye b Lawgi 0aD 033 by e
5 ol b ladises Sligran i glp Jdod al®jlizel Jlages 57355k Joged I aims sy |y leesls il
Solis jhbges cpl 500 @)le 4 Dad 0 (asuine ol sadie b yuaie po bLI (61051 jlges 50 .0 oolatw] (&5 sladiges

1- Smooothing filter

2- Mean filter

3- Principal Component Analysis
4- Loading Plot

5- Score Plot



AY o Nedigd Crmibe by dilobus G (2ljyl g drwgd 1y, Ko g 0315L5, (u.wfog)a - ‘:oJ.C)

50 jlel Hlages (Haute et al., 2023; Gewers et al., 2021) sl o glysuiwl slaadie Cole 15 () pite o phao lee
S HSbles dais ya yldges opl 3l ol (a8 Lol slaadlie lawg dS ol (shds (slad > clialie b baiges 5 udsled
5 siuadgs dngSl lolid (ISl jol ) 298 e sy (ol Allhe 5 Ygane) ol (slaailin & o ] Casbpa 5 ol digad
(Kiani et al., 2023) 15 o paly3 1) bosls [kl gusss
PLSR U Jad (g5lw Jo g Julow
Calosds (Al o pitoriy (slbas gazmo e baly) (63l Jde (gl 029 soboss 45 Csl (g)lol by (B9) SGPLSR (005, Jo
Jol) S €55 5 Ao 5 (i (S5 Mot e S yite il Sl o atieg slaadlye gl b 3l b
SYL okl b colialin oS sl clBais Jastes aSle ol jills b laodly a5 oyl )3 .08 o Jos cdidd oo sy |y (@5 b
~uysN! .(Sampaio et al. 2017; Edris et al., 2024 a & 2024b) 5,15 5,5 siwn daslge diges 4 Cons Jaumo (slo puiio
5 55 o 3y3ln Sl (s LS lyieas |y oy slaite wolk lSHT (glayita iy (Abijs Assbs b PLSR Juo
polie) X sl pusio jl Jod Sy olgie & dtags adlie ya PLSR jbses 10 wbles o odlaiw] poss (gl pdlie opl 5l sso
b1y e byl o i baadle 0l S (oo sl | oy OS5 @90 oo g 00 iyl 20)0) Y 9 (LS
sl azsly 5,08

Sl R? aslio e 355 00 plosl (RMSE) s clayye (3:Sikee 4y 5 (RY) (s s sadls b Jas b))
sk ) et las e i) g)lire lsie 4 RMSE fpizeos ol (Y 9 X) baodls @l s (e 53 Jbo Joib B U3
CBd w wgllae ol oaims yLis a3 ls 93 ol cuS 5l (ABlg polie 3y9lp 5 Jae Jgu8 BB B> oaimsjlis a5 5y I\
(Chenyu etal., 2022) cusl Jio cpus )8 g i

MLP (eguan (omas rdSund b (gadib g (Jad b (g5l
2 b by ilodre 5 oS sl 263508 6)lp) (e gian (a4 e () I (S lpe MLP o
& b @bogys Jold &Y jp oS oad JS5 (295 5 Ol «3909) 4Y aw Sl ) aSid (pl 25800 e Laodls
39 g0 plonil ¥ )Ll s wis s3] ybo 3 58l aT,5 (Varshney et al., 2011) ol asgeSos Al s pé gjloJleb
o3ltul 3)90 ASd )3 S (o0 dinty i sl GRS (sl |y S VL] slagyy ) S el g s (L3]S Al L oS
20> 2N il (gl aodly +/Ve b 0,83 3 Shae Has 5 Je pyiee g 03 pes Y oL LY B Yl Sl Y (clayg,e
cdld 1l g She Y (el MgeSmw culled b .cd,5 51,8 odlatul 3,90 905l (gl 085lesBl o yd /VD g b)) (sl laosls
A odlitwl (> a3 Y (gl las

a0 3,Skae iyl sl 28,5 18 eslizal 3,50 55 At Jio S, lyiedulis 15 (30055 1 ogdle MLP Jao yizpas
S5 b olael e sle [(Pernice et al., 2011) 395 0 o3litwl (ROC) 05,5  Sllos dasuin gio g lis] L ylo |
{FN)*C3" (sla i 5 (FP)'OK (slacute (TN) oo sloite (TP) oo (glacute i Jlaz 4 Jo sloinin
F1Score o (¥ alasly) (TPR) o o g3 b ol (Y dla)) oo o) abageds wilo Lid> celoylms dlieo 1ol
M3gad .3 13 3,38 o S ylgel sloodls b agalae j> Jao Hldy Slolids jd (ol jebay s yile ol a8 o ol )3 1y (F alal))
l Jso 5yShas scilibin (6 S s (sloailia] )3 (FPR) 35 (slacute £ plys 3 (TPR) gums slacta .3 s LROC

1- Sigmoid

2- Backpropagation
3- Confusion Matrix
4- Receiver Operating Characteristic Curve
5- True Positive
6- True Negative
7- False Positive

8- False Negative

9- Accuracy

1 -Precision 0

1 -Sensitivity (True Positive Rate) or Recall
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