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Machine learning modeling can help overcome some of the limitations of gas sensors, such as
high operational conditions, drift errors, limited selectivity, the need for a large amount of
labeled data, and cost and fabrication challenges. In this research, an electronic nose system
was developed for the detection of sulfur dioxide and acetic acid. three treatments, including
sunny, acetic, and sulfuric, were prepared in three repetitions, and each was exposed to
olfactory sensors for 60 minutes to record the sensor responses to each treatment. Then, the
data obtained from the sensor responses were examined by machine learning models to
determine the modeling accuracy of each method. The results showed that the utilized Gradient
Boost Regression model with a determination coefficient of 0.9972, root mean square error of
0.0209, mean absolute error of 0.0026, and relative root mean square error of 0.0209 was able
to model the gas sensor responses well for the introduced treatments. Furthermore, by
analyzing the results, the type and degree of correlation between the sensor responses to each
other and over time were determined to evaluate their behavior prediction. Then, based on the
conducted modeling, it was revealed that MQ9, MQ3, MQ5, and TGS2620 sensors, with
determination coefficients of 0.8668, 0.8786, 0.9458, and 0.9074, and root mean square errors
of 0.0163, 0.0168, 0.0083, and 0.0227, respectively, provided more accurate and predictable
responses compared to MQ135, TGS822, TGS810, and MQ4 sensors.

Cite this article: Ghoushchian, M., Mohtasebi, S. S., Rafiee, Sh. (2024) The Use of Gradient Boost Regression Model to Modeling
of Gas Sensors in Diagnosis of Sun-dried, Sulphurous and Acidic solution dried Raisins, Iranian Journal of Biosystem
Engineering, 55 (1), 1-18. http//doi.org/10.22059/ijbse.2024.370678.665534

© The Author(s).
DOI: http//doi.org/10.22059/ijbse.2024.370678.665534

Publisher: The University of Tehran Press.
BY NC

ISNN: 2423-7841


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:mghoushchian@ut.ac.ir
mailto:mohtaseb@ut.ac.ir
mailto:shahinrafiee@ut.ac.ir
https://orcid.org/0009-0008-0110-7164
https://orcid.org/0000-0002-4031-1095
https://orcid.org/0000-0003-2647-3984
https://creativecommons.org/licenses/by-nc/4.0/

YEYY—VAF) b 1 0 ylows <O 0399 ¢3! g3 e gt (whgo Alxo
Homepage: http://ijbse.ut.ac.ir

SoniS i ), ‘5)@ du,i,.,g, l..S)L“JM d‘r.’ w’l)sl u‘i-")f u%.w)f) J.\o )‘ ol
155 9 8255 (U]

¥ 5. -ualy | XY - Vo Lswsied
P YLPRRITE I Poel R PRVIIC SV WERK VW) RO SV IRVE )
MAL;L'{‘) ‘Olﬂl ‘G)f @\ﬂé' o Kisly @A.Jo b’h" 9 ‘5)')9[.;2'5 Qlf.&&.;f&b ‘L;)‘”L;'JS 0SSl ‘L;)‘”Li;f L;\.hmﬁla (ko a”f A
mghoushchian@ut.ac.ir
‘lel ‘E)f ‘O])@' oKy wa.lo égl;n 9 d)‘”hfﬁ O@ASJ»'I.) “5)‘)51.«1;5 0481y q;)»h&f dl.m&t.d}lp (Wi 09; (Jj;iwo ol o5 Y
mohtaseb@ut.ac.ir :4.UL |,
MAL;L'{‘) ‘Olﬂl ‘G)f @\ﬂé' o Kisly @A.Jo b’h" 9 ‘5)')9[.;2'5 Qlf.&&.;f&b ‘L;)‘”L;'JS 0SSl ‘L;)‘”Li;f L;\.hmﬁla (ko a”f Ay
shahinrafiee@ut.ac.ir

WS> Ao OlNb!
o Shlos bulyb A5l () oS slacodgione jl (S p 4de 4 Slgie edle (65530 (ildse gy Vo allio £99

clo g anip il 5ol il cua p loodly I ool ke & s wgioe QL (1) slallas
Lo 155 5 53,555 1T atS ants e S e Wil S ingty o) 3 5SS\ s sl b
Uoyre 49..535- Pl y g 350 odlal 1S5 aw 5 plaS s (63,565 5 ol ¢ BT o dws Jolid L jlas s VEYINIYY 106,553
Zuoly 5l odel Cusdy (gloodly Ly 398 s o jlons 51 plS™ 1o 4 Lo K ey b a8 )3 )13 Loy (sl S
Sype 5 00 e gy b et BB A 5 s 3y9m el x5l sl e L s S

VEYINWIYE 2y g,

VEY e 2y L1 g U

ddyy /NAVY s copd boodd odlawl iolj8l LalS e,y Jde b ol gl 0,8 S8 )y

YR g sl Slaye :0ke Ay g /o V8 glad slae (ke /o YR slld Slaye (0L
S (gildse 01d (Byme slajloss 4 Conms 295 41 1) (65 (sl S sy sl Al yg0] (slaodls (51 5l sWojly
4 o g o & G )R Gy (Stirad (30 9 €59 0ol sy @l oS g gy b e Wi sl
L asede 00 bl (giludie b e 3050 513 b)) 3yse bl S8y i 3 b S jasie obj ot 581 G LIS s
AYE g [AFOA o [AYAS o [ASFA s gl yd s i & TGS2620 MQ5 MQ3 MQ9 (cla S wjludto
Gy st 5 5583 slagusly [oYVY g ofooAY (o[ AFA o ASY slad Slayo pSio 4 S o e
crilo (510

Aol ol MQ4 3 TGS810 (TGS822 MQ135 (gl S s Caunas

DS sl 13 6 sl S (gildie gl adolj8l GLaLS amw Sy e I edlawl (VF¥) ¢yl ¢ b cdimw dpw §aunine oo £ ylonded DLl
http//doi.org/10.22059/ijbse.2024.370678.665534 A-\A (\) 80 (j/u/ sy ki dloxo ()55 § (63,595 ¢ L]

Yoy © Ly o8l ¢l )L dunoye 136
BY NC

DOI: http//doi.org/10.22059/ijbse.2024.370678.665534



mailto:mghoushchian@ut.ac.ir
mailto:mohtaseb@ut.ac.ir
mailto:shahinrafiee@ut.ac.ir
https://creativecommons.org/licenses/by-nc/4.0/

T oI5 QLSS g S Jitn Sl oslised s S 5 ol (oiag: - sole)

-

400
w25 S 1o ol 35 o e3lizal gmey Blaso o sl o8 ol nile 653l Jio S el 8 oS (g Joo
(James et al., 2013) >3l oo oo |y ganaiws Jao S5, Slas oo ¢ oy oyl 3 ookl b g A8 o (dm i 1) (A8 Joo
D 1) (29 el g Sy Cbls &5 A8l 38> Gnpie e S Ojgon Mgl Ll QLIS g )S) @l
larye sS4y 5 xSloe spione (sllas s Blae (:Sle sy ke (bl laslone CBrey s 5 s (el
ol lp 058 gl G151y o cite Gl B 29 o Jae 5 oo (sl g oS sl oo pizmon 35 (e | s
aislo YU youds coblB g Yb cdol Jao o bjgel (claodls j odlazul b a8 canl cpl (g, cpl sblie 5l (S0 3)S (65 oaonas
90 imoin > 2Vl €83 Ygemo (otal3il LaS (oo )S )y 2l b s & by ol sblie J) B oM oty 28 0
(S ol (G350 Jdo | eolaiwl > 4 (yogy oyl cpeomen LBl alil )8l 9 L9 odomy sbeodby b ona Wlg e
sloyiall by (lB GLaLS Ggmw S5 )1 (59 da Jae )3 Sy s & 25 (wyp Ol 9 2 il ClbB T
b cgawyS) dle oo g, 5l ooliwl b bgy ol izt Do |y Jto 3,as g B o] oudai b olgs o a8 ol pulass B
503 wdle 350k slagbyy (B blie 3 ey cnl Caled ) 9 3 glaedls ply > (asd Caeglis (1Ko ppione slas

.(Chen & Guestrin, 2016) 1sb cuslie S5 slaosly (sly Blg5 o g 2)l SYU Ce yuw

3 o3 yinS jobas (el g Leyied 3 s 4 a8 o GlS 5 3,568 wwSTlien wile (g polic oxile 3L (g S0l
3y90 olpl 5l LS 5 pEa 53 00183 )ly (sl yauiS” &S Cunl SIS 1 (S g 0 a8 )S IS a4 0510455 odle laisay LSS
il glalie 3 pab 5 S5 Lais (s izmen 5 ounslS)lg So 03y 51 (Sl (gl 9 20 09)S0ni g Sl ] s
lgicds lsane o Slgw g 3,565 51 (503 Byl 5l 395 so o0kl (o 5 LheusS cowm ol colly;) Kid claogue )3 0319
Mischek & ) cul olie slge )3 3,555 50,8 51 (6,500 xuie 45 3gub o0 odliiul HoS3l sl > Loguasa ST @by pgows
(rCermak, 2012 Krapfenbaue

s 33l g ol e 53 5T la 28Ty 4 yoie Wl o oS ditwn 2ljess ) Glinl dacudgw § 3,565 anSl6d
¢l ol @ canl g g oSy el wlgs o 13 539380 Slge cpl (opl » 0gMe (Soubra et al., 2007) 545 ol
5,565 2uuST6d JoB b us olie dlge asl 0MiS sy slaylojle ol by (Meng et al., 2005 Vally et al., 2009) xqi
b 213 o oY a0 yd 53 odlitwldyge Cotlow GluS 5 clale ¢ pb S5 cameasyy Wilad )3 a5 0 S13¢ dlge )0 1) Cudlgw
(Guido., 2016) cusl SeB sl G b youiS 5| (o)l 3 HE oo comr (59 2 (SAeS

Suid ol 635l gl «SKuss oIl (6l ol gliie caliste VY guase y3 Cudlgw osile Bl jle d> (EU) L)l adlosl ,
Foe oM g SKid ol i Sl &S Jlo o ail 5 56kS 15 55 Lo Voo 5l S b cudlow oxile Bl ¢l
ol 5 (EFSA, 2016) a5 43,3 i )3 S olS" )3 p)S (o 0+ 5l 528 Jiol 5 SiS slmogua plo )3 9 p S olS" )3 )5 (e
2 pSekS e85 o V00 e dlos 1,8 sleiidiy 3,555 ST (65 olile (8L (gl iz slacudgize (V420) Codex <)
WSS glls)5 3 p S olS 0 p)S oo Yook g ShadS

P S e Voo cwl aglaie (55l e glail (gl 3,585 sT (60 Jad b paw jiShs clpl (Lo oplibiol b
e 2000 (angora; ISIRI, 2012) oMb jieiS )5 p,56LS 15 p,5 o 1500 (ISIRI, 2012) Ul (jeuiS 3 p)SolS
owexen g (ISIRI, 2014) i clagllsy; 15 p,55kS 13 2,5 o Yeoue g (ISIRI, 2018) gla og00 Canrgy 53 p,55kS )3 p,5
(ISIRI, 2015) s o (slagll )

9 Sregh () 4 0P o)led (o 3)luliwl ol (antS )3 3,565 bauSli63 okile Bl lise (owy sl (so28 sl
5 5oy g (o yteg el gy quie g (S it b ol il (b ( JiSg0 Gl (g B Pleg S sl o,
.(Mischek & KrapfenbauerCermak., 2012)cul yiay slygle il ysld



(otdgds — (oole) VY Sl ) 0,lond B 0,93 ol 2l plammwgs (owiiits ¥

wjgyel (Borowik et al., 2020) cusl ous Syl il obgs a1 A& gl a5 Canl (550l SO (S9SN

2 bR jl iz glgl s )18 Ol 5L bl des Gla S ol e o5 w5 (Sl sl o

TS ySUlgie (Il ) (sl S 9 Ul youly Y a0l das Wl (3 5B pme g Wlaidy IS 4 (SigpSUl i slaeilobes
.(Borovi ket al ., y-v+) i

g Lt
soate 4 (5318 ST (oo dow sla K by 2 2l Odle (N W Al G (lngly 3 (WAR) (S 5 92 (e
Cuibge yobo & (2l Oudle alob 03,8 L3I el &S 3 CE s g Glizebl LB 5 (olus @ () Sl
4 g (PCA) (ol (slaailse Juloo (slobgy bawg i Cilisen (laso)> b oS0l &Sy )3 1y canms 45 poo L il (5l
4 oy 41, MQI 3 MQ136 (sla S PCA Lo jl ol sty glis S (i 4l g jarsets (ANN) ogias gas
1y PC2g PCL ol (slaadlgo a5 s (L ol (pizman 355 (Byae o o poo Al el (gl S i lgie
ANN 5L i L] e yile cyuizmad 313 1,5 i 390 |y Lnodls sl ly QY7 fyaoxe 3 casms 45 yoo bogloie (sladigad
Sy s 1) Y/AYY, S o oS o 5 (6

a1 02lawl b Cgllas (gl yioniS (gilwls g (al diwd s Kl eolael el (WYAY) il g 0dliMe
Jesis il saasly 5 ngad (Bildy i IS 58 du Wl gl pige Gl 1S )8 (awy 3)50 1) gl (B33
o Sl p9 bawsgh 005 485 gl jl ke sl Sl Shag @l il 9 gl (i pll pslite 4 Galefl cnl > e 00
gl g ogllas (sl hedS QL] cisej o (s mand Jols o oSl ol b o2lazl pguad (3113 (slapi )l I oy
2 JB 55 e el b Coled 53 50,8 pasiie | GhadS Elgil e 9 03,5 Bl 1) gl aipe) (il )3 4503l e gl
Sloye obl 41y 298 G331 518 o pel (slaiadiS 3, 5 355 Oyg0 4 (gilulix sl oot SIS

byt 58,5 55 ) b Jae nl b giludae (sgias (rasdSd Sus Sl odlinul L TGSB22 Sus odgly )
Lo S0 1) (555 S By G Gl a4y (Sl 2 09Me (650l dlai )3 oo Caghy 5 bod &y (Sl o] gly (092
Jie opl g 25 (gilwesly SPICE jlo apds Gluls’ )3 adlge G lyieas (oloitiy ANN Jao 58" aJgiil s 4 (Sl
(Baha & 55 eslisial 55,505 (sl S L )5 (o0 1) gy 0l ol 00 gl Stimgy ol s o 45 (omtunylizsl g ialol
Dibi, 2010)

dblio o ilojl atysm 5 ploj (slacydgioms b Sgo yobo 4 Bl o (bl 650k 4l 0l lsis (6,500 (img 5
o 2 & (e 5 ) BBy o) SV same CuiS 5 CuaS iledie Gy el xSk Sirgh il 0 S
9 3299, s gl Cungj e glgil ol 151,800l ds gasme S Ll i oolaiwl (il o JolST 0395 Canj 5299,
095 5 Ol Hl3 (g )S5) Cwdle 63053k Jdo s g 485 )118 (55l8 o3l o g o QL] 3o iy I STy Ll
S5 gk cpl gl 5 b 0dlitl o1tS Cisuogs VF Lol Al (sl Jte sl (Lol i8] BbshS pmesS) 5 (sboless JSin
4 Cos |, (RRMSE <0.765 § RMSE <12.38 R2 > 0.822 ) 6 yite (simisivs 3yShae ial33l 5bol,S cygmarS) Jda ok
(Yang etal., 2022) cool o3> lis b Jio ylo

WJde cpl Cuol 00 dlpauiig MQ-9 5L & s (555 s & (gl ANN (gl Jao 5,504, & (65500 gl 50
(Kouda et al., 2022) ua> ;lis gwys a1y 55 S by b2y 0 jlas 0 1) Cugloy g Lod cabliio Cawlus ¢35 (Jad

B ap D90 |y (bl o ppgas wlul 2 3,555 (23393 Yo ot dlgll el gy 0y puE (Al (Liag} 5
23390 |y wsld O ySee il g @y (bl 4 Llgi o imgdy oyl )0 ol el (sla Jde don aS 5 lis IS pols ol

1- Metal oxide semiconductor (MOS)
2- Conducsting polymer(CP)

3- Piezoelectric crystal sensors

4- Taguchi Gas Sensors

5Flos Lonicerae



O e I LIS e ;S5 e 31 oalwl 1y, g lomigB (ig3s — sole)

AN (Suased o pi b CARS — LS-SVM s g 351 cowd & 1) aiupo 3,Shas CARS e Jdo aisl Cawd 3,565 b oy
(Liuetal., 2018) cusby cwyiw awd glp ) giuaib Sl op s /YYD Joleo lad Olopo 00ko a5

» o3l 350 (MOX) (536 38T (655 JRue o sl (ANN) (e5iae (as &b Jio o )50 Glagh
S il Jde (gl 203338 )15l G ANN By, o5 08 Cb Gl () )3 sl 0 Sl wle S (gl 009 42 S et
(Lamamra & Djamil, 2016) ¢! LP ¢35

Ly oS ade Wl p olgiee omble (650 5l odlisl b o din placudgize (gl (55 (sloSus Sul 4 a2 L
@ 3 28T GG b S Gl Gildie (ogad 3 (dngh (e M pasudie @l Clidiss )3 o plosl (Sl o)
e Slgo el (el 5 0ad Gl sl S ey Gimagy nl )3 ol s el 00 plosl L33 LSS g5 U39,
4575 3,90 gl jldae €83 5 w50 (gldie (I3 QS g5y 9 9msS) Slasts) b (0555 2mSTisd 5 Sli) GhatS
8,8 58 s

3 wliigig
atlo ailobe Slogilo ;503 g gyl p0ly dilol da K )l (6 Suus dlaises Jolis K9Sl iy dilobr S5 ¢ igr ol )y
il oS (om0 )3 aid> £o plS po g 2505 00lel )55 dus 13 plaSym (63,565 5 i (B e d Jold o jleg 3
$350b o Jue buwg b S Fuwly 5l odel Cawd 4 ool O g Cod 1 jloud Slelas o a4 b S guoly b a3 B
Slasilo e 5 Jo bl sl A3k sl B 539 o b, yo (55l ie €83 b AIBS )3 iy 3y90 eble

31963555 Jlosi g 3 slaw (bl jeuiS Lo dus (938 liaSTT &y gt ieudS Aiged | dadiges (g5lwodlel
9o) 52 00 alitil ko 3 1e8” Billas Wndigad | A8y Jlade (285 8 )l 3590 o stalej] 5 g 0 4 1SS s Sl o
05 plosl ol gy g led jd b inlejl oled g 0 (pe pyS B oliwe o ikl

9 931y leMbl ¢ plpls Cul lngdly we Sl o g9 o Haouls 4 ;B &S xoly g xSl alols S (AL
5y 000> dilobis : glaciomd Jols Sog sl aw ol (VFY )Kan 5 jl) 598 b 5,8 o (ol Wb 38> 15l
Oy IS s canl lon 1ilid g lon cua o (Sla pile) o YLl i85 xiin (8 S diges dlaiss i Kus dlades o S
(Borowik et ools (o3l ailobu =Y ooy dilolw =Y (g pSdiges dilobw =) 18,8 Hlas o Lol ise ¥ 51 JSiie |y bl ]
al., 2020).

O|9Su° wt.o Lgbzs)i\» 4c goo & glﬁtﬁ‘ L dSLg)}Lsdq ol )13)95).3 dble.)' CA,,o.ml )'1 Slolus Lglm)i“o Ae g0 c,;l.&djl
Sg Sl o S (g9 2 00kl 550 (sl S (Ghasemi-Varnamkhasti et al., 2019) 5 S sl |y g | awg il
Oszen 9 pLol ol (S )b bauwg odd piiie (g g9 ke (bl b Sue gy e Nigd e aile
09 Ngd p)S pasiie ploj e (gly Slislejl £oyb 5l i 1)K Ul o5V odlitul )90 (sl ySias SleMbl &5y b
Eop 3 Ll dtn S Odo 4y )R olad cdidd o olaid] 253 a1 jo) can dm o) e (i TGS g5 sla S
a3 y,l8 g g cpl (gl osd aible (S Sl i diloles 5> e3lialyyge (sl S V Jod 13 Kgd oo p)S iinlejl 4395 0
ol 005 5D L’boi

Loyl gy, 5 g (Suig ySII oy ailobw > 25Lwls y50 (512 SR> Y Jgu

izl ool lgige 8 MQ-9 S1
Jsal MQ-3 S2

b bl 5 > 2 J MO S

S sl M sy - sl TGS-2620 S 4

o3 5 0t Sl «Slisel (IS MQ-135 55
uﬁ s s by TGS-822 S6

olie 9 Obgr Uy TGS-813 §7

olie «0bg by MQ-4 S8




(otdgds = (oole) VY Sl ) 0,load B 0,93 ol 2 plammwgs (owiiites &

OluS 5 oy 5l om coleg yd (Maho et al., 2022b) 35,16 Gua slajl5 sl solaid] 5 Slae by K aS0] & a5 g5

o1 ] (sllos 4 |y Geoly e o (6,5 iyl e (6 )R (slaal] OBl g S 5 g0l b L 55 55 5,90 diges
VUSS 5 as obl b S Sl )l p e il (g)Ss slaalyl ageil b 55 Shagl ol > cnl ple )5 asdie 3l
oS ) sinylao o9 ¥ S5 5 5 (imgly ol sl o Al (g Sl i ilels 13 0 o3lisel (6,8 i)l g0

ol o]
O B Al (6555158 0950 g (Suwig SN o dilols 53 23Lw] 3550 (U SR I S Gy e Y S
100805 Wiyl )

0S5 as b plas” o Bl 5 35 (02,555 slajlog 1o Waaiged cdiges elyl (suinaiile § SSE & bgrpe slotale] plsl g
)§.w> A J.AL» Lm)i..o dﬂ‘)i ‘u‘il’y alroso JAL» ‘_,’.’L’y wlﬁ Slolw .4 fl}ul R )‘)S) Aw yd 3 u.uLo)] R g 0D o3lel
olyor ali &y JWasl g S 5,k 5l &by 4 ool JWsl ¢ gy podls caps onds syl olaidl sy Jold (o)l posld dilolws (¢35

ol 0 2525 JolS s &Y S5 53 o8 1 65l Iyh 4hd (sla gl 5 o 5 3] 525l 5 sk b

housing and array of sensors Data acquisition and N cation il
s d circuit system Alr purilication filters
B Eus )] o ds comman
203 uL,s,Lu,umebLL- ',hl_' 'dlb;l,i
Diaphragm pumps
SR Sl
Power supply
435
Smart phone
-\w-'a,b of yoh ull‘i

Jae oy Jloyl g laasly cdlp cup
o Wl by crmile dilolw piguad YV JSUS

S b gybpedly dlols S 5l lly a4 loyd Jlae Jlas] picren 5 ) Sus 4 basye glaodly ijly 9 cdlyn s



Vo ol 5L g S5 Jae I alwl 1], g lomigB (ig3s — sole)

Jis sla gy 51 loyd e UGS Ca mizmen g ST (slacsgys 5l I Saes (sloosls il a1 odlisol poliass]
Jhoyl cpz 4090 blo)l g 290 o Juaie diowign 25 &y gisl 5yl 5l g aibly 4 LIS 5o,k 5l alobis cpl .o eolzwl dilolus oy
Sl i olpen ol bl Jg 0,8 edlatul fles oo baily 93,2 51 55 (gl pedls cps g 3yl 1) ladel g cleudas cdlyd 5 leMb
siadgn olyan il I wlolu 398 Kutyles y ogdle i 51 030zl ety b ol 0 oo wlobu ol S G pume 5 oles )8
Dy oo o3l g 03jlgd M e ol 5 5 3yee Sy g el jelateds S samlie wlen 1) eSS OleMbl i
e sjllely caa ey gy 4 g 035lgd gite s A8 (o0 i peuitiane SWlg 1) glize (6399 Sy codlitnl 3)90 1A pite
9550 S 4 eay (53150e], g g 033193 ity 3948 e o3lital S 3l 3y90 5 el g ol

oxd 4l slgn jl iges 0 I b S dlaizme (3, jued (imen g slie gaw 4 b S Fsly (ke S (pimen
b okl lga JS Caer (9 WV (o )51803 caoy 93 5 Igp i Caar Jb ()8 JgmnS 93 31 pslate ol sl 2095 0 03lit
Swig pSI o dilolw gWo31> (13513 3wy
a5 555 dad (L) b Ko ol e b cblanngs (Ko ySll i alobo (sl S ely Sl o g gl el sl
wdltwl 3y90 (Ko xS o ailobes (slo,Kus 5l odel Cuwd 4 slaodls Il Sho glyscul clp g 0 43,5 a5 )3 (o
5 P R2) 9 ool (Sig Sl n sodly (55 pia Jgese slagbyy Sl (S 5l e 9de 43)5 5 53 aingle
(¥ o Ko

P9y 385 ol 3 &S Sl (oo 9 LSS c(gpS” B9y Joli (SS9 pSUl g ailebr (slaodls (515 ey Jglite (sl s,
Lo bas o s39) ol 59 o0 oalisl Sy slaodly (il o g (SigySl (i 5)Swe byl loodls (33l st v g8
) i o 00l Jloyi aSly 0392 dny (193 S & (oS (o6 S 0311 205 0 50wl s 9 3980 05 ST gsly
ol S 50 il 5 YU gl pdans B oS oln S gl 4 sl Lo bad &y oty Ly s (S5 ¢ ol el
3 il (298 (iloding 5 29290 Ml LS (nal3El pslatods (6 Sue )l ) ossl s 4y (gla JUSw 331t
(Tohidi et al., 2018b) sl 5 Lymseits (sla sy b bl aboos plosd
Wodly g3l
ady) g b Blhae (1:Slo « s Sluye (:0ke ade) ¢ s o pd Wle 2lajline I Glgi o0 (e (St oS b)) sl
Oolds gy Sl epizped At 0ol BB 5 ool QLIS (igew Sy e )3 45 3)5 ol pud sllad Claype (1L
58 oslitl 5 903l 5 403 0l 3l lgiiee 0dd it 5 Bl solho (e

o 4 G 1 S Gusly (Strads o lo (58 g 41 g3l b 31 g o) S ey jl ool s 4y (glaodly (ol
Slyr By plie Jlde 5 00d oy polie duglie laged g b gyl clliee sl S5 g bajlos sl loj & s
L0 390 (ciobe CubsS Sloadlie b Soun o ©85 5 Ab e (DI (LIS 9 sS) 9 g5y ) 4 sile e
1B QL3S sesSy Jse iy 5T o 3 (355 pIaS )y disge Jio el il ool 5 <85 515 b
5 Uilel sloodls (gl on lojles b S S5 g S dlojlos S8 4y Jo g St sloailfe 5l S pn (ol
9 o S 3 9 M glginl oad plsil (gileJae ogad 53 e SIS plUS )8 pend I a5 A plomil gl saodls (gl o2
(85 )18 o g 4125 5)50 ol

S g g 3 Slaadly
(0 Hlow dw (gly e (1SS aw o 658 ST (olbdes B Sus A sla gy Sejlul Jols aodly ke F JSE
Lo )3 Sl pasedl (58 S S plsisa Suo g5 ol sl 00 oy oS diged S (sl Bl 5 (2,55
S50 5905 0 e I S ] S o ol gl 5 s S B 5 0,580 canglio s ol L
il b olgi o g amd o Lis 1y ok bl diges dy Comd ySws o Hldy a5 W] o cawd 4 olazd] Sl bs S ¢ iole]

Bl o a5 I gaiadd )yl SleMbl 4 da Ko guen (wyyp g o)



(‘:wﬁg}l - u-o»l-c) ¥y )LQ_! ) D)Lo*:* OO 8,93 c&'ﬂ‘ W’g ‘:ww

L . - 3T Lo (1
55 e () 35558 i () A glesi (1)
2000
2000 1800
1800 1600 1800
1600 1400 1600
1400 1400
1200 1200
. s = 1200 st
—i 1000 # &) 1000 — A
) gao ‘2 ‘31000
800
‘3 600 1, % 800
e — md 520
200 400
ﬂﬂﬂﬂﬂ RUARARER ey )
A o ® — ——— g S
by ~ZszZsZcScsooSoSazgzzo Amgn oo MmN o A~ oo
§E8583:8558R858378 S0pEEfeEgaRiEEE]
rl 2 =@%=szensor3s 7 7 A A A NNANSNSNOmmSs T T T A o NN NN mom
4 - ok
e s2NSOT'7 e 5NSOTS ¥y

cilisio W)l 132 Gloj & o (551 51 K Fowly lges F JSUS

bas aimd o (i |y Bl g (3,555 (a3 Dol d (gl Cilisee S Gl (Staen il T o VY sl
oy o ¢ ot ol 33 G5 b sl 0115 Wlodid g5l o loj (b 3 4 oalmodld (sl Stumsan o b, ;] 02lits
ot o St ) 3 ol i 3 s oS . i oy Sl Sirad 2030 iy S 93 (ot Snad
IS oS 5 i oy S 55 S 33 50\ (S ol S 33 o] ot daly 055 0 39g pic Sy S
V) o (Stama Jlo iy sl S 93 (5l o ptans alal) Sy 303 S 93 (o St (Stuad sl 1S 93 0y
3o sl o Fy bl ol @lpsd g Miwd bpe ob b S g0 dmd o i a5 ol +/AVE Ll ¥R
O il > (Jliaplgioa o) 3929 (698 5 Cuto dlaily b S Sl pde (g &5 S A lFoe ((Stused (uyile
Shsan 5 laie b (598 5 Cuto abal) J B)Sue 9 ¥ S G oizmen )1 292 (698 9 Cuto day) ¥ S ) S
9 JyiS ladlbols sl o ol o @ult pl ads gl )b des aie dayly b S dm o S0 Byl 5l 299 /255
P8 Gt e & S 9 ) S Cute dally gl (Jloglgieds 8 eslil Cledbl oyl ot i
dl salg Gl o] e 4 3 Y Sus ke O S jlade (il3El )00

i slewd 53 (655 b S (Swmod (g il Y Jgi>

ob; V(e TRue YR e e Flue YR A

obj \ SJAONOAYE S JADEY  JYYVEVY o /VSAAAY o /AOYAYD  +/Se0eeY  S/VYYAYS o /VANY

Y SR [N0AYE ) SJAVELDF S JAAFYR [AYLYR AYYIVY JATYYTA </AVEYY /AFY Y

Y RKwa S IANOSY -AvEens ) SAYYSVY  o/AeYYAR L /AFNS o JAVAYLE S [AYD-VE < [A0SAYE

VoS VYYRYY  JAAFLYR L/AYY.VY ) SJAD-XYE JAVEEIA /AYAFAY L /AYYYAA L /ASFYYY

FoRua  YAAMY ANVeYR LANVEAR /A0 YYE \ SJAYYEA S /A¥DYAY - /NAASY -/A50V-0

Oy K /AOYBYD  -/AVVIWY  SAFNE JAVSEIA JAYYFA \ SVOVOFA S JAYYAVY o /ANOFY

5y o[5e0eeY JJARYYED  JAVAY-S  AYAFIY  L/AFAVAY  -/VDVOSA \ STV ARV

VoS SVYYAYS  JAYEYY AYDSVE SAYFYAA SN SJAVYAVY L ANYSYS \ - [A0YY00
AsSs SVAONY GAFYVY AOSAYS SASEYYE ASAVA0 HJANNOFF LAFVIAY -/A0VYaD \

S35 o 43 555 S S (Nimod g Jlo Y Jooa

obj Y RKas T Rus YR Flue e Flue VS ASee

obj ) SIFYYeeN L [ABYAYY  S/AYSAYR S /YEVAYY o /YASYY o /VOYSAY  L/SR.F0Y  -/SYAAYY

Y R /FYVeN \ SIYENNOA IYOSAA IENVENY o [EeYYOR /YYAYYD < /YeASD8 < /FYARAY

Y K o/A0YAYY  /YEVV0A \ SJAACDYY  VYFACE /YAOFYY o /VADRLA S[FASYAY /EYANAY

VS AYSOTA /VOSVA - [AA-OYY ) SIVOSYOA < /YYVEED o /YVYVSY  SAAYOS L[S5NY

R YEVITY  /ENFIY /VYERE o /YOSVOA \ SJOYeNA S [PYANES LEVYVYY o /YYYOA

(g Y | SV LA SRRV /28 o /WA SV s o SRV 043 s NIV /N SRRV \ JJEEY L IDVVOOA  -[e-ASA

FyRws SVOYSAY  VYAVYD < [VADR-Q o /VVYYY o/SFAYES /¥.sV \ SIVAYOEY  [EAYASA

VoS [FAFOY /YADS JSASYAY JSAAYOS [SYYVYY /OVVODA  +/V-YOY) \ - [OFAFY
AN [SYAAYY JEVADAY  [SYANAY /ST LVWYOA /DA [S\YASA L [SOSAXY \

A



A 3 GL1T g S5 Jae 1 ! 151K g lomigB (ig3s — sole)

ST low 13 656 b R (Kiwnod (gt yile .F Joua

abe | FEIWESIEE SUUWESE [ wes PG IWES 0w Pl YV RKws A

obj ) SJANESAA L[AYEALY JANNANY -/a-vay SAVYAL VAYEAY L VOASAY /AAYYYD
Y R -[AAFSAR \ S[ASOAA AYFAVS  SJAFAYAY  /AANAYE GJAEYEYA L/VAVYYR L /AYYSe)
Y S AYFON <[AS0AA- \ SJAYAYYA < [A¥Q-SYS S[AFVFYA L/ATHAY SJAYESNA -/AFNA00
VSwa  ANRY  /AYFAVS < /AVAVYA \ JAESYAY  </AVARe /AYYLAY S JAVAVEY L /avEsAY
R o/AVAY AFAYAY L /A¥D.SY o /AFSYOY ) SAFOYA S JAMYYEY  LJAYY..A L /As.AvS
O K wa  L/AYYAL S/AMAYE AFIFVA o/ANAL. -/aF.ave ) <JAFSAAY  ./AYYY-D  -/AYD-99
FySwa S YAYEIY S JARFEYA o /UIVOAY o/AVFSAY  oJAAVYSY L /AFSAAY \ ARV Y LA PARYA
VoSwa  VOASAY  VAVEYR JAYESNA JAVANEY JARYLed JAYYYLD -/Re008 \ NN R
AR JAYYVD S/AYYSY L /AFVA00  S/AYESAY L/ASAVS </A¥D.A +/AVeNND JAVSYY. \

Cwlo (6 53l (sl oS!

calises db}iﬂ u‘?’u" P9 u.:l )l odlswl PRV odle] )imb L;Lam.\b J...l:x.: Lﬁl)'f u...wl.n d).,fbl.;. L;me;g,;ll Yy L)"‘ 5
o5l ;30 Jads jd 0dd S Glasuiio b (ois]i8l (Lol,S g )5 0ol jskate cpis 0y s o olulid 1) [Sus glaoaly )
R d)'L.:oJLg

I3 G315 ety il 5531 ) Slenditn Dy
YV /ao Thue Y Rees FRue Dfue Pl Ve A

Sisel g ol ooy oy ooy ooy A A A
Aod B ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥

N 5350, D - de- de- D+ D - Be- Be- D -
O -0 -/o -/o -0 -0 -/o -/o -0

o (G5 K A Gl sl (BN QLS gm0y 9 (g )Ty e w)oSll g3 Sl g > e B S
Caleg )3 &5 Cunl o bl (g0l 5 Ghjgal (slroslsy id 93 o (sl eyl a3 oo (L ) 3 sless 4 s )]
2 o Ui b S a5 Bus puste  ably polie Joli € adlg Jlaaed gt .ol oadosld yLis la JSi )3 (g0l (slaodly zuls Ladd
ol Gt it ln S euly (sl oo bosss 003 stes eolie Jol €t g 9 ol

S 9 P B3 e Sl dilys (D38 LS g Sy Jho i S pled )3 sl asuiie a)l3905 53 &S jobolen
A oy Sile e ol g oS g S Jhe CudS med slradie b Jae cpl bawg silo e ol S 11,

9> Joli & Cunl S sloosls sl (talB (b3S g )y Jde (i ot CulsS 4 bgpe laodls & Joaa
"oeil" g g (higel slaodls (dly S (b CudsS slayline polie ol M (bigal" gt il (igail g (Bigel i
i 4 093] 5 sbigel sodld (el e s el gl slaedls (dly Jue st kS sla e 0lio ol
Glp s Sluye (wSle adny 6Ske Canl )55l odld b podd Jio &5 aad o lis &5 ol +/AAVY 4 +/2AVF Lyl
e Jde it clbd 1S5ke 45 wmd e LS Jlme cpl sl /o 0¥ g o/ YA L plp i @ g0l 9 3590l (slaedld
5 1o VE Lyl i 4 ogeil 9 bjgel slaosly (gl s 3llao (:Silie sl Bj00l (slmodls I ey (o8 (yge] (slmosls
gl ol /YR 5 LAYl i a0l 5 (hiael slaodls (gl (o (sllad Slagye (ko Ay d +/--VF
Sl B e mpin ¥ (5 e ot CelsS Ghd 5 Cuwl )5l bodly b (gt a Jie oSty o jlaS 4y b jlae 0lie
oSy Jho 85 S5 4 plgioe st S sbylime Y polie e g3l (ol anl (903l 5 (oBjgal (slaosls
LS s ognd Ban psie pdlie oy (glp Slg e g Canl Bl 03l dcgaze b podd wad Sl JLolS



Ve )
0/2600123
¥ 0/2100123
7 0/1600123
1!' 0/1100123
0/0600123 —
0/003 84053 BARI3 BATSABA203 84253 3422
5 U
GBRY %
05650684
. 04650684
% 03650684
L 0/2650684
01650684
0/0R5 0684
0/0700533006220 0433006320 875304633
5 U
¥ S e
06098666

. D/S598E66
=§_’, 0/5098666
L 0/4598666
0/4058566
0/3598566 A

0/0270270/2270270/427027 0f627027

5 JUa
GBRo5
0/2600469
. 0/2100468
3’5 0/1600469
0/1100469
0/0600469
0/048 6T D98 657 14B 6T 198 6T 24B 6577
ol B
Voo gy
0/3774557
i 0/3274557
3 ojammassy
0/2274557

.|ll

b,:»y JiE

0/1774557 u ui ll
03 o4

(comig3s

GBR s

0/25

.02
% 0/15
]ﬂ 0/1
0/05

0

0 005 01 oI5 072 0/
ol L

Vs o

0/8365538

» 0/7865598
% 0/7365598
]3 0/6865598
0/6365598
0/5865598 —_—

0f25628140,/456 28140,656 28140/856 2814
T

GBRf s

0/6333761

JF 0/a333761
B
L 0/2333761
ojoszseL @

0/0270270/227027 0427027 0/627027

R
Fifun g
0/6176535
0/5676535
-4 o/5176535
A o/a678535
0/4176535
0/3676535 ._—
0/1116279)/3116279)/5116279)/ 7116273
ool it
GBRYzs.
0/32808 ‘
]; 0/22808 ." "'
ki
130;12303 !"
1)
0/02808 i
oL oz ox o4
oy e
GBR A%
0/5538313
0/4538313

¥ 073538313

¥ 0/2538313
0/1538313
0/0538313

/0319489231 9459)/4319489)/631 9489

1l sl

‘]; 0/4886238

i
E (/3886238

ole) VF Y Jloa ) o,lowd DB 593 ¢yl ! pirmwign owiikee

¥ B e
0/5791047
¥ 0/a731047
7 0/3791047
/2791047
0/1791047
0/037 64480/237 64480/43764480/6376448
ool gl
GBRYf
0/8615856
J o/6615896
a
L 0/4615856
0/251580 @
0/25628140/4562814/656 2814/856 2814
oy U
A g
0/2883001
, 0/2383001
3 0/1883001
0/1383001
0/0883001 [
0/048 657 D98 65148 6TF 198 6T 2486577
csodla lada
GBRF .
0/7020885
-y 0/5020985
Rl
4 0/3020985
0/102008s o @&
0/065 1163/265116D/465 1163/665 1163
ol lede
I gy
0/5886238

0/2886238
0/0319489/2319485)/431 9489)/6315488

ey ke

1531 QL3S G9ew 5 5 9 g sS ) S0 )3 1S 00 Sl 9 (ABlg y23le duglie D JSW



AR wee 1381 3L31,S g 38y Joe 31 03l] 1yl 02 g oy Lseisd (i3 — (sole)

el 581 (USILS gewsS ) St (ot pikd (St CondeS (S AlZ0 S Jgun

ooi9e] —
rsquare NASNZAY +[AAVY¥Y
RMSE o/ YAV S VY
RRMSE [\AS5R NA LYY
MAE NS L) o[ YEXY

duglie (oS Al Kus A lyy il 3Bl o p (b3S 5 gm)S) sladde 13 Jde CudS it cbadie & S5
Dgd ool 5585 Jao U losss

w
<
=

w
{7}
>
=
-3

Train

*Reg * GBR

S5 al)] S A gl (dal331 513 (LIS 9 Ggmw )5y (U 43 St (i CodeS dunnglie S UK

LS sm)Sy Jdo g (yame )5y Jdo sl il Jre cudS laddlge polie dunlie g (o)p 9 IS Egee 4 x4l

Co s (B L gl anily (g 5Sdes (Ll 3Bl GLoLS ome )Ty b S plod (g3l Jde p 45T Cusl dgpaiio MolS ]8I

3 45 8,5 a5 lgion B yloged ol gl il o JS 53 S (gl Jie Ty Gibisee (sl S gooly ol a2l J3id 6

oobly 3T & Jgde 50 ol sl 00, Jos yine (b)) slime Yoz 58 (sl (s )5y Bo) 4 s (oal38 (LS (gams S
b By (Bl g )S ) Jhe 3 Sles (o)

I3 1 05y o 3,5kas iyt oSl fy U1 Y g

sum_sq df F PR(>F)

Intercept s \ yaya/¥es o/YoE-A

C(Treatment, Sum) NiaZanas Y AAMISOY Y/AE--0

C(Sensore, Sum) < [ABYYS % AWV sIsVE--v

C(Replication, Sum) o[+ YooY Y <[V SYAY - [OYYYYY
Residual VYOVAY aA

ibylg ot 15 39wy y Jde 3 Slas b a8 o K8 4 Mt uib )l 3BT Calisto (slavo Lol sdimd s ¥ Jgds sl

&S Ay pxio )3 pudd e D o i &Sl V/F L ply Jatwe glapsio 51K o (gl s Slaye gooome oids &)
CCwl VeIE Ll g (650 piio gl s LB

Gl o )lo] ot o 1) 09,5 (sl Sl (e Alols &y 00l foa Slaye (e Capns (S sl piio I Sy ya gy S0l



(Lovig3s — o) VP Jlaw o) 2 5loud DD 8,95 ¢yl s3] pimmmwigns owigeo Y

15 oline glis orimd i b A5 ) )y 0 o sl e 5 S yn sl

el & L3l yign lainyge salis g odls g5 gl Casl (Ko g lodd G alejl g0 oyl (ol
Cunl (S0 (pioman Ll 09 w298 €83 (1) YU el Cunl (S S Bos ke (ioljdl (Jlolgiedr N ol Sglise
3y sllie g sl Sluogad aa gl L el o (dly cuslie jlhe (s (S5 Gmed 4258 5lne Sop el
9 el

P Siledde e ey sl 01d &)l log (1 Slo o (5 line glis (g0l Rl gy g STV JSE 4 g
Ot 2135 o &5 Cunl £gb9e (pl oaind Lt o Cul 039y ik g ALl (63,595 sle b ()l stme Sl 3 sle (0Lie
Ot Sli bawgs 0ad dbml i pegucne (g gl A gl a5 ALl 1) b )Ss b pdisnoin S ) 9 @il e ollE
&S Gl 03l U5 395 ) ol 4y & s 1y (il Jbe bl o jieS ] (hadS jles riren sl plia g ggsge
slad Slaye (1She adyy g 3llas (:Sle dlad Sluje (150ke 4l ls > Jb 2 5> a8l 4y (polie > Sl oo
A sdalie (g0 re glds bajlews 1uSile o (o

=
Z E 0.015
g- 089 g
g &
g 0,950 &
- 0.010
0,925
0005 &
g - 5
25 no00i 25 H
SE- - SE- £
s ¥ B§ 2
N § 58 E
= g -o000 3
0.675
0.850 - -0.005
n I
g 0.95
: . 0.825
& -0.010
£
0.800
. '
> B
& & & & & &
n & & 5 e
2 na " ;2 2
A& “ & & “ A
group2 group2

2
3
E 08
5
g
£
-0
o
25,
53
£
-0.4
0.2

0.1161

Treatment3

o 2 M
0 & &
& & &
5 # #
L A A
group2

rsquare(z RRMSE( RMSE (<1 B jlon il oy (551500 Coglis g0 3] guuls Y UG

3315 3525 o5l ot ol sine gles LT A8 o sy pr 9 2w 00 Ui 1y S 51 S5 5 goly (5o i gl A S

SNV L gl 5o prad] jlade ccasl /e AW L plp a8 Cal Vg ) S o Solds uS0ke ¢ Jgl duslio (Jlio ot 4w L
XYL =/ Al awslie ) gl 50 Clodgaome ¢ puimon ol dunlie (pl )3 (g)loline Cglis 39 pis odind lis aS Cawl
reject jlude 58 o )8 05b opl ) AW Olsebl b )Rl JUS" 5 jloss 90 (ke gles oS el ) onind LS a8 canl



VW i) 381 LS ygawyS s Jio 3l 0alwl 1], Ko g ylxuigd (i3 — (sole)

sl TEJECt e S .cuwl o yasuiio 50,8 b ol S5y b a8 ol (jlaline ciglds pis) yao 5,8 (i 3y b anl odind oLis 3
False  yl, reject jlage 1Ll o)l 5939 Sues 93y (gybline ©glds a5 Cawl imo (pl 4 g 045 D) yao (5,8 il True b
sl S duslie (gl (JS Cpl 13 )0 039 \Kus 90 o (g)bline Cglds &S Cunl me (pl A g odd Wl e (5,8 (L
3,03 3935 gl o (g yloline gls a8 sl dme 1l A g 05 3 Hho 4oy divduslie

Lo ¢y b sl 9031 sloodls )3 o S (3:Kiko (e (6)boline gl (903l U gy sl il Jghin 2 b
D91 03y9] Cowd 4,303 S 93 5l (60 s g ¥ S 45 Wi ()15 dme gl Y g Y 50 o ¥ cla S gl pSke
ISTATY) AW d)L»J..\A

56 o s Slupe 5:Sike )l 0il slaodl )3 oS (:Sile o (s)oline Sglis 903l @ oy
039yt A gV & b slo Kus 1Y S g lodgy yillad oS (g0 e gl LY 95 @ sl Ss 51 Y 5) SR 0 aseiio
Slods gl Je pllas 55 o)y gme glai LA [Sus 51V Sus gV 51 £ 90 Sus 5V 95 sla,Ss §IF S oo .l
G Comd O 9 ¥ o Sus picren Gl adly Jalid ia A gV E X s Sus b s Vg Y Sue g cwl 035 S
A0y 0 (gilwJde pllas oS o) bxe JSS A S 4 Cansd V 95 S gA gV & D F sla Sus

10 10
g g
3 0.832 1.000 0.000 0.000 3 0.0000 0.0000
2 5
3 3
3 3
g- 0.002 0.000 08 3- 00108 00000  0.0000 08
5 g
3 8
o o
? 14
g- 0.000 g- 0.0000
2 2
& -06 & -06
21 3 3
® 3 ]
£3- g- 0.0004 z
53 g g
3 3 ;
2
2 04 2 04
2- 8- 0.0000
2 2
& &
o ©
$ 3
Q.
02
o
2
3
&
. . ) . ' ) . 00
a
& & & & @ « & o
& & & < & & & &
B o e & & o &
group2
— 10
0.036 I
0.034 08
-0.032
-
e _06 Y
3 -0.030 063
¢ K
2 g
H -0.028 &
R
-04
-0.026
-0.024
02
06 -0.022
. . . . '
& & & & & & &
& & & & o"c‘ & &
o Ei F o F &
Sensor Group 2

rsquare(c RRMSE(&,JRMSE (J." l.b)m u&lﬁo O d)lblbw st Ogo)i @w A JSMJ

&S Cawl 0l (gl Jde ugt‘_éi s 4 Cannd (YL s o pd ()0 Gxe gl b o5 Jlew 0V R 0l asidie O?"}j



(o9 — oode) VP Jlaw o) 2 5loud DO 8,95 ¢yl 3] piwmmmwigns owigee I F

Sbsime Sl b A 5V & gla S poman il Jlag (ol 13 ) S d ol (b gl (5P ixe D9l b ol
sV & sl Sus IV oV ) sl S 35 (63,555 Jlow 350y laily (g5 0 Sdas S35 les 00 5 ¥ N o S
S LY 9 F sl Sues 5l 500 5 F oy Sus g 1) buld pmen A gV & o)K@ Caws ¥ 5 ¥V o) sl S 50

.J.:.:Suo.\,..,:lsl)Lm)iw>@t’3&QQAML&A‘@t’ipwaf.\bym)fggl)d)sl]aspfa)ﬂasd)bu;m

Treatment1 & Sensorel n

Treatment] & Sensore? -

Treatment] & Sensore3 -

Treatment1 & Sensored -

Treatment1 & Sensore5 -

Treatment & Sensore6 -

Treatment1 & Sensore? -

Treatment] & Sensore8 -

Treatment2 & Sensorel -

Treatment2 & Sensore2 -

Treatment2 & Sensore3 -

Treatment2 & Sensored -

Treatment2 & Sensore5 -

Treatment2 & Sensore6 -

Treatment2 & Sensore? -

Treatment2 & Sensores -

groupl
p-adj value

Treatment3 & Sensorel -

Treatment3 & Sensore2 -

Treatment3 & Sensore3 -

Treatment3 & Sensored -

Treatment3 & Sensore5 -

Treatment3 & Sensore6 -

Treatment3 & Sensore? -

Treatment3 & Sensore8 -

Treatmentd & Sensorel -

Treatmentd & SensoreZ -

Treatmentd & Sensore3 -

Treatmentd & Sensored -

Treatmentd & Sensores -

Treatmentd & Sensore6 -

Treatmentd & Sensore? - .
" s w - @ o < - ~ w o
2 g g g ¥ [ g © g [
2 g 3 2 2 8 2 2 a 2
2 4 2 2 2 2 g 2 2 g
5 g g g g 5 g g 5 5
& 4 & & 3 3 & & & &
2 < & < Ed 2 < k4 < L
o g o} ] o 2 2 Q 1 B 1
g H i g ] 5 H H 5 H] 5
] 5 £ & & £ 5 5 £ 3 E
2 2 = 2 2 = 2 ] 2 H ®
£ £ £ £ £ £ £ £ £ £ £
group2
Treatmentl & Sensorel 10 Treatmentl & Sensorel 10
Treatmentl & Sansore2 - Treatmentl & Sansore2 -
Treatmentl & Sensare3 - Treatmentl & Sensare3 -
Treatmentl & Sensared - Treatmentl & Sensared -
Treatmentl & Sensores - Treatmentl & Sensores -
Treatmentl & Sensore - Treatmentl & Sensore -
Treatmentl & Sensore? - 0.8 Treatmentl & Sensore? - 0.8
Treatmentl & Sensored - Treatmentl & Sensored -
Tealment2 & Sensorel - Tealment2 & Sensorel -
Treatmentz & Sansore2 - Treatmentz & Sansore2 -
Treatmentz & Sensora3 - Treatmentz & Sensora3 -
Treatment2 & Sensored - Treatment2 & Sensored -
Treatment2 & Sensores - 06 Treatment2 & Sensare5 - 06
Treatment2 & Sensoreé - Treatment2 & Sensoreé - »
o Treatment2 & Sensore7 - g Treatment2 & Sensore? - 2
3 Treatment2 & Sensored - 3 3 Treatment2 & Sensored - >
& Treatmentd & Sensorel - & & Teatmentd & Sensorel - B
Trearment3 & Sensore2 - Trearment3 & Sensore2 - &
Tealment & Sansorad - 04 Tealment & Sansorad - 04
Treatment3 & Sensored - Trestment3 & Sensorsd -
Treatment3 & SensoreS - Treatment3 & SensoreS -
Treatment3 & Sensored - Treatment3 & Sensored -
Trealment3 & Sensore? - Trealment3 & Sensora? -
Treatment3 & Sensoras - Treatment3 & Sensoras -
Treatment4 & Sensorel - 02 Treatment4 & Sensorel - 02
Treatmentd & Sensore™ } Treatmentd & Sensore - }
Treatmentd & Sensore Treatmentd & Sensor=3 -
Treatment4 & Sensore Treatment4 & Sensor
Treatmentd & Sensore J Treatments & Sensor
Treatmentd & Sensore Treatments & Sensor
Treatments & Sensere? - [} 00 Treatments & Senser 00
o m w o e o ~ o w 2 & P w o e o ~ o w 2 )
[ g £ u £ ¥ ¥ 2 [ g [ g £ u £ ¥ ¥ 2 [ g
2 8 2 a 2 2 2 bl 2 8 2 8 2 a 2 2 2 bl 2 8
z 2 2 2 2 2 2 2 z 2 z 2 2 2 2 2 2 2 z 2
5 g B 5 H o H 5 H 5 g 5 g B 5 H o H 5 H 5 g
& & » & 3 & & & a & & & & » & 3 & & & a & &
E:] a E o & B E: El E:l k2 a E:] a E o & B E: El E:l k2 a
2 z = o o bl n 2 B 2 b = z z o ] bl n 2 B 2 ]
g g g 2 £ = c £ £ 2 H g g g 2 £ = c £ £ 2 H
] g 5 § 5 g § g 5 ] g ] g 5 § 5 g § g 5 ] g
E £ E £ E £ £ £ £ E £ E £ E £ E £ £ £ £ E £
i i} 5 T & i} & T a 5 3 i i} 5 T & i} & T a 5 3
& £ £ = £ & S = & & £ & £ £ = £ & S = & & £
group2 group2

rsquare(z RRMSE( RMSE (&) Gilidee (5 jlow 55 1 ySows (pSilio op (6,10bre gl (y90 31 gl A JSW

AgeSaw CIFL (giludlad b g e Y 03 b (5 sl S Gl gl &S MLP &Y s oSl () b (rioeon
)4.1).3 >osld del).: Mw)‘obf‘f Lmﬁwmdl).: mas Mu.i‘ B s d)l.mo.)l.u() L)’“’?‘L" J')}f) )l)Sl rQ)J 2



V0 e ]38 LS ygawyS s Ui 3l 0dlwl 1Ko g ylxaigd (i3 — (sole)

e piomen g /AN ply s bzl claodly (gly +/RQY ply g0l slaodly (clp +/AQY ply igal (claodls (lys o /AAS
sodly (sly g </YOA ply O?A}T losly (gly o/oNYe Bl u»)}pl oy (gly /43N0 ply edly S 1w RMSE
el Cawdy o[ YEY plp i, lael

Neural Network

gl g I

Algorithms

Data Division: Random (dividerand

Training: Scaled Conjugate Gradient (trainscg
Performance: Cross-Entropy (crossentropy

Calculations:  MEX

Progress

Epach: 0 1000 iterations 1000
Time: 0:00:02

Performance: 222e-16 2.22e-16 0.00
Gradient: 729 272605 1] 1.00e-06
Validation Checks: 0 0 3

W digod CSUSE Caga 85 Syl GV ki (S g omas dund ) + JSW

S 5 AR
g5 oo Cudgime ol dles 51,8 ade Wil p g5 oo cpmile (653 5l oaliwl b a5 s olacudgime (sl (655 (sl ) Sus
)8 sladel 1> Wlgh o a8 didd Fuol 5B pdis 4 Wl o b s pl &S xe cpl 4 )8 0Ll Dgaze (g sl 4
S 55l 5l ond U8 ldas Ll 4 el (65 elo S cpuizmad bl el ad 5 3y0 YU (g ppisilesl ol 3 a8
9 &8 p Wl oo Al cpl &8 23l aily il sald cuwl (e G5B Sl S 8l Sl p Gl (Al blpd 5> Ml
xS & 13k onzy g 4z Bl e (S sla S Colu g drgi ol 1 5 2K 58T loj Jgb 3 gl il clE
12> D)) (5 pabpo & ygyie g 2al)lS o ol Lol I3l co 5l (Rl g sgrge (sl S 5 Slas i b Wl ee (mible

(Leon-Medina et al., 2020; Ye et al., 2021)

oo b g oad odlitul (G55 (sl S sl (giludde S 0l bl (sl Jlowi g b o) o @ 42l Glagdy (nl
] YR glas Sl po sSilis Ay e [RAVY cypasd gy b 38l b3S man S ) o £ s Yl ¢ Jo S (clmailo
Gl Cosl andly a8 4 pgef] laedl (gl <[V s llad Sl Sike ady) g ofe oV lad llas Sk
Wlo «5jB sl y R glacydgize e a4 Wl oo I (pl &5 WS giludie |y 0ad (Bpme slajlas 4 Cond (555 slo S
il g diie sl g oad (S cuwa p bl Sl ook Hlde 4 s gz Sl (il lallad s Slles Ll
2,8 odlawl gl oyl 5l g A8 SaS

e (o) 41 Capm g o 4y Capmd o S Gosly (r (Siasad (00 9 5 010 Cawd & @l o g gy 0 L osieen
bcsiy ¥ ot a0 glaSus sb (asuto oad plonl (gjluJae b o 2,50 518 213 9590 il S8 (st 0 b 0
gl LYYV g o[ AY ([ AFA o ABY elad Slayye 5uSle dday 5 +/AVE o <[AFOA o JAVAS o IASEA (y )
ol (58 bl o odlizul gl €85 mii plyiee o 3 QLA 9V & D slo S &y Camd S ipdy ot 9 PG
pasuie il (6l )lo 3 b S gl (gilose Jelod g 5o b (piomen e (5 powlio slodiy 5 5lai 3590 (2bigr (le
lolis am3 g0 it &5 sl s plol slagjludao 1o o o 3cdaeS Bl o 5 o ot HB 255 Jles
@l oo b @ls cnl owiomen les Bl b5 Cap e Jho Mg (it €83 L lajless oS ) s (abgrorile
A Gl Capliio b &S L5 s e (el ylog 53 il (gl S (gjls e

2lr Obigel slaosly sl dmosls JS' (sl +/E plyy (Stsod oy b Conilys 55 0dd dbul (e 4d Jue oizeen
JS Gl b Sl ye (pS5ke dday jlade Cpismed g +/AAY ply st ylael laodls (gl o /AAY ply 905l (slaodls (gl c/AQY
JoYEY il omiwylie] claodly (gly g o/ YOA ply g0l (sodld (gly o/ WV ply i5eel (claosls (gl co/+VVD Iy Laodls
A pbool ) wlie SS&5



(o9 — o) VP Jlaw o) 2 5loud DD 8,95 ¢yl 3] pimmmwigns owigee V5

&b

Uil (W) glus], ogy Lgu g (el 2d) s g300 s ol 3ol yg (couwld s pomns 103]5 (swgo shimas Jpuw s comnino (G005 o0 4> ol S
sl piaswgs (codkigo . oS 5 g 25 Slop « Siolindgyiumg Sl sla by b odd S gloyp cotS SS& 3 b opile cubls
YEA-YDY (V)0

é).o St PREA] L'B).am &9) 9 w; cuas WX .(\\°~Y) deDto 58 392 (> g ULM.L» 239 (> sdurw w5 e Jadls ,L;ijl
IV S(VIOF s0lnl g (it ppal (3310 9 (St Sl (gl oalisal |

REFERENCES

Baha, H., & Dibi, Z. (2010). ANN modeling of a gas sensor. Journal of Electrical Engineering & Technology,
5(3), 493-496. https://doi.org/10.5370/jeet.2010.5.3.493.

Borowik, P., Adamowicz, L., Tarakowski, R., Siwek, K., & Grzywacz, T. (2020a). Odor detection using an E-
Nose with a reduced sensor array. Sensors, 20(12), 3542. https://doi.org/10.3390/s20123542

European Food Safety Authority (EFSA). (2016). Panel on food additives and nutrient sources added to food
(ANS). Scientific opinion on the re-evaluation of sulfur dioxide (E 220), sodium sulfite (E 221), sodium
bisulfite (E 222), sodium metabisulfite (E 223), potassium metabisulfite (E 224), calcium sulfite (E 226),
calcium bisulfite (E 227), and potassium bisulfite (E 228) as food additives. EFSA Journal. 14: 4438.
[DOI: 10.2903/j.efsa.2016.4438]

Ghasemi-Varnamkhasti, M., Mohammad-Razdari, A., Yoosefian, S. H., lzadi, Z., & Rabiei, G. (2019).
Selection of an optimized metal oxide semiconductor sensor (MOS) array for freshness characterization
of strawberry in polymer packages using response surface method (RSM). Postharvest Biology and
Technology, 151, 53-60. https://doi.org/10.1016/j.postharvbio.2019.01.016

Guido L.F. (2016). Sulfites in beer: reviewing regulation, analysis and role. Scientia Agricola. 73: 189-197.
[DOI: 10.1590/0103- 9016-2015-0290].

https://doi.org/10.1016/j.jspr.2021.101805

Institute of Standards and Industrial Research of Iran (ISIRI). (2014). Gheisi (Whole dried apricot)
specifications and test methods. National Standard No. 13. 4th revision. URL:
http://standard.isiri.gov.ir/StandardView.aspx?1d=41629. Accessed 7 June 2014.

Institute of Standards and Industrial Research of Iran (ISIRI). (2015). Dried apricots - specification and test
methods. National Standard No. 11. 5th revision. URL: gov.ir/StandardView.aspx?1d=40024. Accessed
22 November 2015.

Institute of Standards and Industrial Research of Iran (ISIRI). (2017). Dried fruits- determination of sulfur
dioxide. National Standard No. 569. URL.: http://standard.isiri.gov.ir/ StandardView.aspx?1d=47184.
Accessed 25 December 2017.

Institute of Standards and Industrial Research of Iran (ISIRI). (2018). Specification and methods of test for
fruit  snack  (fruit paste). National Standard No. 3308. 2nd revision. URL:
http://standard.isiri.gov.ir/StandardView.aspx?1d=50065. Accessed 25 August 2018.

Jamalizadeh, F., Ghasemi-Varnamkhasti, M., Ghasemi Nafchi, M., Tohidi, M., & Dowlati, M. (2020).
Implementation of an olfactory machine system for the classification of different types of black pepper
based on geographical origin and detection of cheating in Indian black pepper. Iranian Food Science and
Technology Research Journal, 16(4), 479-491.

Keramat-Jahromi, M., Mohtasebi, S. S., Mousazadeh, H., Ghasemi-Varnamkhasti, M., rafiee, S., & Savand-
Roumi, E. (2019). Evaluation of a Machine Olfaction to Classify the Quality of Dried Date Fruit by
Electrohydrodynamic, Hot Air, and the Hybrid Drying Techniques. Iranian Journal of Biosystems
Engineering, 50(1), 241-251. doi: 10.22059/ijbse.2018.248873.665023.(In Persian).

Kheireddine, Lamamra., Djamil, Rechem. (2016). Artificial neural network modelling of a gas sensor for
liquefied petroleum gas detection. doi: 10.1109/ICMIC.2016.7804292

Khodamoradi, F., Mirzaee-Ghaleh, E., Dalvand, M. J., & Sharifi, R. (2021). Classification of basil plant based
on the level of consumed nitrogen fertilizer using an olfactory machine. Food Analytical Methods, 14(12),
2617-2629. https://doi.org/10.1007/s12161-021-02089-y

Kiani, S., Minaei, S., & Ghasemi-Varnamkhasti, M. (2017). Integration of computer vision and electronic nose
as non-destructive systems for saffron adulteration detection. Computers and Electronics in Agriculture,
141, 46-53. https://doi.org/10.1016/j.compag.2017.06.018

Leon-Medina, J. X., Pineda-Mufoz, W. A., & Burgos, D. a. T. (2020). Joint distribution adaptation for drift




W il 381 QLS ygawyS s Joo 31 0dlsw! 1)Ko g oy lxuigd (i3 — (sole)

correction in electronic NOSE type sensor arrays. IEEE Access, 8, 134413-134421.
https://doi.org/10.1109/access.2020.3010711 Ye, Z., Liu, Y., & Li, Q. (2021). Recent Progress in Smart
Electronic Nose Technologies Enabled with Machine Learning Methods. Sensors, 21(22), 7620.
https://doi.org/10.3390/s21227620

Liu, Y., Wang, Q., Xu, Q., Feng, J., Yu, H., & Yin, Y. (2018). Non-destructive detection of Flos Lonicerae
treated by sulfur fumigation based on hyperspectral imaging. Journal of Food Measurement and
Characterization, 12(4), 2809-2818.

Liu, Y., Wang, Q., Xu, Q., Feng, J., Yu, H., & Yin, Y. (2018b). Non-destructive detection of Flos Lonicerae
treated by sulfur fumigation based on hyperspectral imaging. Journal of Food Measurement and
Characterization, 12(4), 2809-2818. https://doi.org/10.1007/s11694-018-9896-z

Mabho, P., Herrier, C., Livache, T., Comon, P., & Barthelmé, S. (2022). A calibrant-free drift compensation
method for gas sensor arrays. Chemometrics and Intelligent Laboratory Systems, 225, 104549.
https://doi.org/10.1016/j.chemolab.2022.104549

Makarichian, A., Chayjan, R. A., Ahmadi, E., & Mohtasebi, S. S. (2021). Assessment the influence of different
drying methods and pre-storage periods on garlic (Allium Sativum L.) aroma using electronic nose. Food
and Bioproducts Processing, 127, 198-211. https://doi.org/10.1016/j.fbp.2021.02.016

Men, H., Shi, Y., Jiao, Y., Gong, F., & Liu, J. (2018). Electronic nose sensors data feature mining: a synergetic
strategqy for the classification of beer. Analytical Methods, 10(17), 2016-2025.
https://doi.org/10.1039/c8ay00280k

Meng Z., Qin G., Zhang B. (2005). DNA damage in mice treated with sulfur dioxide by inhalation.
Environmental and Molecular Mutagenesis. 46: 150-155. [DOI: 10.1002/em.20142].

Mischek D., Krapfenbauer-Cermak C. (2012). Exposure assessment of food preservatives (sulphites, benzoic
and sorbic acid) in Austria. Food Additives and Contaminants: Part A. 29: 371-382. [DOI:
10.1080/19440049.2011.643415]

Mohammad-Razdari, A., Ghasemi-Varnamkhasti, M., Yoosefian, S. H., l1zadi, Z., & Siadat, M. (2019).
Potential application of electronic nose coupled with chemometric tools for authentication assessment in
tomato paste. Journal of Food Process Engineering, 42(5). https://doi.org/10.1111/jfpe.13119

Ordukaya, E., & Karlik, B. (2017). Quality control of olive oils using machine learning and electronic nose.
Journal of Food Quality, 2017, 1-7. https://doi.org/10.1155/2017/9272404

Ozgoli, H., Mohtasebi, S. S., Hosseinpour, S., & Hosseinpour-Zarnag, M. (2023). Investigating meat and oil
quality in chicken nuggets using electronic nose and image processing techniques. Iranian Journal of
Biosystems Engineering, 54(2), 1-14. doi: 10.22059/ijbse.2023.363744.665517.(In Persian).

Rahimzadeh, H., Sadeghi, M., Mireei, S. A., & Ghasemi-Varnamkhasti, M. (2022). Unsupervised modelling
of rice aroma change during ageing based on electronic nose coupled with bio-inspired algorithms.
Biosystems Engineering, 216, 132-146. https://doi.org/10.1016/j.biosystemseng.2022.02.010

Soubra L., Sarkis D., Hilan C., Verger P. (2007). Dietary exposure of children and teenagers to benzoates,
sulphites, butylhydroxyanisol (BHA) and butylhydroxytoluen (BHT) in Beirut (Lebanon). Regulatory
Toxicology and Pharmacology. 47: 68-77. [DOI: 10.1016/j.yrtph.2006.07.005].

Souhil, Kouda., T., Bendib., Samir, Barra., Abdelghani, Dendouga. (2018). ANN modeling of an industrial
gas sensor behavior. doi: 10.1109/CCEE.2018.8634510

Tahri, K., Bari, N. E., & Bouchikhi, B. (2016). Geographical classification and adulteration detection of cumin
by using electronic sensing coupled to. . . ResearchGate.
https://www.researchgate.net/publication/346355867_Geographical_classification_and_adulteration_de
tection_of _cumin_by_using_electronic_sensing_coupled_to_multivariate_analysis

Tohidi, M., Ghasemi-Varnamkhasti, M., Ghafarinia, V., Mohtasebi, S. S., & Bonyadian, M. (2018).
Identification of trace amounts of detergent powder in raw milk using a customized low-cost artificial
olfactory system: A novel method. Measurement, 124, 120-129.
https://doi.org/10.1016/j.measurement.2018.04.006

Vally H., Misso N.L.A., Madan V. (2009). Clinical effects of sulphite additives. Clinical and Experimental
Allergy. 39: 1643-1651. [DOI: 10.1111/j.1365-2222.2009.03362.x].

Yang, Y., Shahbeik, H., Shafizadeh, A., Masoudnia, N., Rafiee, S., Zhang, Y., Pan, J., Tabatabaei, M., &
Aghbashlo, M. (2022). Biomass microwave pyrolysis characterization by machine learning for
sustainable rural biorefineries. Renewable Energy, 201, 70-86.
https://doi.org/10.1016/j.renene.2022.11.028.

Zhou, M., Khir, R., Pan, Z., Campbell, J. F., Mutters, R., & Hu, Z. (2021). Feasibility of detection of infested
rice using an electronic nose. Journal of Stored Products Research, 92, 101805.



https://doi.org/10.1111/jfpe.13119
https://doi.org/10.1155/2017/9272404

(o9 — o) VP Jlaw o) 2 5loud DD 8,95 ¢yl s3] piwmmmwigns owbigee  IA

The Use of Gradient Boost Regression Model to Modeling of Gas Sensors in
Diagnosis of Sun-dried, Sulphurous and Acidic solution dried Raisins

EXTENDED ABSTRACT

Introduction

Remaining elements such as sulfur dioxide and its compounds, which are widely used in dried fruits as
preservatives due to their availability and affordability, are one of the factors that importing countries consider
when purchasing raisins from Iran. Therefore, exported raisins should be examined for the presence of these
elements in the final product. Machine learning modeling can help overcome some of the limitations of gas
sensors, such as high operating conditions, drift errors, limited selectivity, the need for a large amount of
labeled data, and cost and manufacturing challenges. The gradient boost regression model is a machine learning
model used to solve regression problems.

Materials and Methods

In this study, three treatments, including sun-dried, Acidic solution dried Raisins and sulfur-treated each
with three replicates, were prepared and exposed to the gas sensors for 60 minutes to record the sensor
responses to each treatment. The obtained data were then analyzed using machine learning models to determine
the accuracy of each modeling method and make them comparable. The model evaluation parameters were
examined, and the interpretation of each was discussed in detail. Finally, the analysis of variance of the gradient
boost regression model was performed for each quality prediction component separately for treatments,
sensors, and combinations of sensors with treatments, and various points were extracted from the interpretation
of each in the discussion and results section.

Results and Discussion

Based on the charts and results, the gradient boost regression model has been able to provide more
accurate and better predictions in all sensors. Therefore, the modeling by this model with the quality
determining components of the model was analyzed and the modeling results were examined. Overall,
considering the high values of quality prediction metrics, it can be concluded that the designed gradient boost
regression model is well compatible with the dataset and can effectively predict the target variable. The
significant difference test results also showed significant differences between the mean treatments. Treatments
1 to 3, corresponding to acidic solution dried raisins, sulfuric-treated raisins, and sun-dried raisins, were found
to have significant differences. According to the results, the coefficient of determination in the Acidic solution
treatment had a significant difference compared to the Sun-dried and sulfuric treatments, and performed better
than both. Additionally, the Sun-dried treatment had a significant difference compared to the solar treatment,
and the results of the solar treatment were better, indicating that the Acidic solution treatment had the highest
modeling capability and predictability of sensor responses, which can be justified by the more noticeable odor
created by acid. Furthermore, the Sun-dried treatment showed the lowest modeling capability compared to
other treatments, which can be justified by the lack of clear processing performed on it compared to other
treatments. However, no significant differences were observed in the root mean squared error, mean absolute
error, and root mean squared error of relative error between the mean treatments. Comparing the means of
responses of each sensor also showed that for the comparisons of sensors 1 and 2, 1 and 3, 2and 3,2 and 5, 4
and 5, and 6 and 7, the reject value was False, indicating that the null hypothesis was accepted, meaning that
there is no significant difference between these sensors. In the other comparisons, the reject value was True,
indicating that the null hypothesis was rejected and there is a significant difference between them.

Conclusion

The results showed that the gradient boost regression model with the coefficient of explanation of 0.9972
and the root mean square error of 0.0209 for the test data was able to model the response of the gas sensors
compared to treatments. Also, by examining and analyzing the obtained results, the type and degree of
correlation between the response of the sensors in relation to each other and in relation to time was determined
to be evaluated in predicting their behavior. Then, with the modeling done, it was determined that the MQ9, MQ3,
MQ5, TGS2620 sensors have coefficients of explanation of 0.8668, 0.8786, 0.9458, and 0.9074, respectively, and the root
mean square error of 0.0163, 0.0168, and 0.0083. 0 and 0.0227 showed more accurate and predictable responses than
MQ135, TGS822, TGS810 and MQ4 sensors.



