{ L \ OV-YY o/ VE+ ) biunaj AL 0 )lows [TF dla/(55,0liS (yommwljuilSn 5 Wrilolus colining

https://www.amsr.areeo.ac.ir :alxe Colw o

g H —ols Al
Vooo Colinl S 35990 Sulgyid (9 38 TAN (a3l g ST Hliio (puntd
(90 b (559l U

TSz o)l 9 7570 dos ! Gl o i

olE il ‘LS)‘)ﬁL“‘SA oSl srg.a_M' ) Gl L_‘>_"“‘\"‘e’° oj)j )L&_c.u)» WK 9 ?..\_.:J)‘ waL“'“’)lS & i 25l e )J a4 -y 9 \
Olrl Ol (e S

Olrl @S «500iS s 5 oisel el (lojls (55l suiigen (538 Dlagind dsga Lotils ¥

VECYIEIVE 55l gu,b VLYY il gu

ouS>

7= )L Sl Sl 2 o ciile (5 NS g ond (Saaiy 3B (139 YL g Lol )l 4 dangs L 09 ol
08 oot o (3911 et (1 2B b g S (i 5 03wl Ly Sl 5593 Sg e (089,
B b (i 9 QRO 9o Ay (5 e (el (19T GiRg T il 53315 S y95—5 TAN
355 S ol 3 Vo oo Callimusl Sl 59,5 Sl yimsd by digod 1 TAN Las Lo 5 ol o
S i (55 b Jlogils o e-VAL (b a5 Basises jl ¢ petate (il (gl i (o) o9l
slaab Ol oMbl g aa 0 s 5585101 Al 0 (PLS) 3o Ol J8las b piios—ia Sy
S 9l (5l lged oS podle (65 (nXIe) (#0313 3 iy, iiSie LRy s L B (0315 ey
O—£9) TAN (ad Lol 5 O Jlade (i 9 (o (51— (Jgl B 9 3 llimsl Sl i 6 o3 ¥ 95
A Sl GlgT (o0 (0 (PR (9 1 45 31D LS b sy 1 L il 0313 dagi Sy
Siih 59> Sy it (£, 3,5 LS iides glacuslw 3 TAN (gad Ll 9 Of jlafio 0 ySeo pué 9 @
0995 Al = PLS Jao Ly Sy i (29 55 ©f jlade (b gl (0 it -9t 0t Voo v bl
91p=0.89 RMSECV= 1.86 0'v=0.96) sl Comd 4y (MA) S yoio (6 5 (3 lno (30331 yms plins
CLB5515 51 it oS 5 Byl s PLS Juco (555 (g9 j1 -Coiils (SDR=3.12) JLs B o (RMSEP=3.18
s By Ly 1, TAN pad b Conilyh (MAFSNY) 3,10ibas! Jla i gt 5 5 Syl 6568 (oo
550yt S <yl (RMSEP=0.010 5 r,=0.89 (RMSECV=0.007 or=0.94) 5§ st 5ot (SDR=3.1)
JrS Baa Ly g Sulg o 9y CotS @ w Ol j-tike o s g S )3 (o5 0 (el (659l

Ll dwogi JolE a Sagl

Sl sleo 5l
© e pd ( F3a Olayge Sl fome 5y Sy o9, (5391

So gl Sog s cul il cilbl o8 i Aodio
g 5 ou el Voo jadany Bl 2ot j5ige glmolliws o pbete 5l (o St sLo S99

Juizil o5 se el Gl 5l sadys Oy a5 ' pdlS i es 5o (6558t ) alie (s o s
3 oS o Lt glacewd ay j5 Sge Sl yad el Ve Joe S e Bl eile ol

http://10.22092/AMSR.2023.362145.1450 Email; ah-banakar@modares.ac.ir i sts 003, IS5*

1- Cummins
Agricultural Mechanization & Systems Research
23(84), 2022

N



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

Lo S 83l Se o j0 0,1 ol )y conl
Ol =5 Ol 5550 e 5 (555 celiw il
Sl yasd @90 4 (2510 1 (plplis sl oo (18
75953 Ol el o YU s AV ol
el 5l S St ;5900 s (et GBS S
Sl &l yo Gleh,d slassaya s el (5, 55,0
e sixio Slo e tle akexr 15 555 e il
O |y 092 0 Slae jf (caplie isu 45 3500
el Sdgyon slaailoles 352
TAN (55,15 sloayall Yo one car o o
oS il

oy sl Led g (e | oo

5l el NTAN) g b o 00, LS ay oy 24,
g Sl 8, Aged )3 (sog—as Sl Jmled 0
S 5 048 T oSy e slaey, 3 St
el nige—ee a3t il S)ls o)L S
R g Sl 85y Gl L8, (g30e asls
) ol (53,05 4 25, Jled 5l (S e
(Nematpour Malek Abad et al.,
Lo el )b ol e it (Kimndly (o 2020)
ol (Tl g ananal 5 ysemshiond] s oiils

9 MM‘ g}w oS u‘j_"sn 9 o)b Sg2>9 Q—éjj

(Hamilton & o Ll oy St ol lode
ooy Y 5l G o] (Soe—JT Quail, 2011)
3 6okt (ZAO, 2017) sy oo oils jLa i
S0 s ay (Slg e slpailels oMt
Gl 20s (5 S o3lal 5 oo 55 ST L
et Sl ol g 4y (29 50 (TAN)
bl aS 09 b e colaiul gaul OlLS 5 cowS
(Rivera- culpsl 58,95 &> ,0 sl slazel J0B
3 poiis yo—b 4 TAN Dbarrera et al., 2019)

5 Sdg0e glaaslelw ooz > aile glos )5

S5 o0 Dpp—o (Sely i slags s Gk
ol L b (Behroozi-lar et al., 2008)
Ol g il glosil adgr g ol Sljleo 4y
e 3 S Olge 4 (E0) Sliend 5 (55l
l_.t | 00— d_>g7 3,50 Lg)‘o)_go).e‘.f Jij.A
Dl s 5 (6, rg— sl s, 3l s =S e
Jr—S g i 0 Slos (g5—waigy LSSl

°< ‘&S)LA( “ d_asj J._a..)Lo cg_ﬂ_l.»?bo (_gu).m‘)b

olS Sl pesi Sl S g (B yae By g sk
sla Tl Jral 5 (g5, y g &) —as
S e
L olon (ool Giali3l g b ele 5l (510 0 e
ol 8 oolandl ol ali8l 5 (Lo slonigrad o
aS Sdgyun péq, (Masoudi, 2011) asl o alys
sri—e slaoib el o Sl (L)
5 SrdmeS | Gl ol S ;55,0 alox |

5} 6L°“ 655 u*-“’l

» S

Ly Sdgpo—d ol 0 oI5 LS o S ol
(Shietal., 2019) s,ls sage
(S gy d—abby w0l e (29,

a1y gl ythd g ganol e blis (5 LSS
Jie ) 65,51 S 0 (29, s plal 55
A2 o ol S|y oladad s S sl g oS
ools ylis calises glo oy (LiU & Zhu, 2020)
> a4 S cuwl

oy el 5l a0 VO sgu.
b esls  slagrdle (Slg e Slapic
Gl Ll jooolat_l 5,9 o gLy, Sog I
ea— (Nematpour Malek Abad et al., 2020)
5 G ez (e Y Jdsan 5 g ole

1- Total Acid Number

Agricultural Mechanization & Systems Research
23(84), 2022

oA



olyKo2 ¢ obaw!

A0S oo sloul psmad o SCis cils p slaile
owl— 1=l (Ahmed & Alam-Eldin, 2015)
slosliiwl by (s joSge 9 (9 S Condg
00 (o 9y S UGS o S (6 S0l
Sl Ly G5 S gy (il 5o e
@lasss o bg Sl (29 jame LSl L (slails
a5 B gl S a s axsl g ol
b bl 35 659590 005 Sl (YL
il el o3 VD L g, Ly T L5
At LS angly g 89y S Sl (69 o s (>
b3t Gl 8l el Ol ooy it Gl 8l
(Ghasemi et al., o_& v <q, S xSlgd co,—o
Sl il sl s, Ko (—iag3s 5 2018)
SLotm)s oSS (—£9; SosIT Jalon 9 a 2
Al e g a8)S LS A (o308 )5 A g0l
9 ol gt (i 2 by 45
S yogS g dmy y58 o E g S (il
slaools b SwgSTeid w5 asl> >

b sl

St dm ) mlt o s A 0 pies iz
(Hamilton & Quiail, 2011) w5l o
O—E9) (P ek (agi— (il jl Baa
Slaldles (ga i - S90 Sy 0
T 3 e sy sl jm el 8ty
P59y Sgyame 8y (FriwindsS Sl (oo
soe g ol bl g oo aFLb 50 5 So3lal
olai |y La Sogll oo )s Ve Legame 45) (ol

ib—hd‘jd—)k;:)ﬁww)‘v”.

)| oo solaiw! (o

L 4.>5.s l.: wlﬁl.:{ o

PP
095 )l « Sdgyue 295 Gl S sLolse
SIS g yetd sloauie 050 Y g Sdgy0n

Las o S

P

O—=9) — Ol O

e Sgyid 595 PTAN (as L g O yladle (s

w..»_wLu )L)_M wLw‘ —9 oola ! '_mu.»))}»
I U g VRN VU R SO SUPIE SE-p- JENINW

o=l 51 (Zhao, 2017) o4 oo (5 S ojlosil A Sges

S99

Slabd ade jee (b ¢l Oleer DL
3=l eolaidl (g does 0 a S 5,5 colaul
(Raposo et al., a»s o ualS |y oSws igal>
3915 05y 4 (S9-S5 g e w82y 2019)
5T @l ) oS e glm g, cl el
el 03,591 3429 4 Slge

S ANIR) "S55 & g b (il
Js—oldnl o @ 9 08 oS slahy,
d—ile (@los )5 gl— ) ol ol (S
cmlin Jln j5 Sk Loy Slags S ojla]
099 «SeS 5 ol sl (95 4 a5 S
B9 dalgs eslaiwl ol asges o 5lawoslel an 5L
Sgamp slai—2y, Gl o )3 (9STen
P S sl sae 5 Ol gla Sog Il ay e
DS slagiolael Ly Sis ;55,0 laolfi s
! 6 iy a5 (Sl molSi s i
g s ole) g Cndl S ol by, 45 35h o
Syt § eSS, (maass slpolSilejl 4y
i ] s g L i e i
ey Sy ) CmleS o oyl
52l (STl G (Slim 555 il b
S, &ygpo TAN sl puoren

Sl ymasS 5 (5SS goloail g (8 )2 L
ool L Vo v v il St Sl (slacyile
45 ad At (g, Sandy (S5 Gl by,
L St ;55,0 59 ss59e008s) Same WYL 5 (b
L3 0 a0, FY

9 S — hg,y ool Ly Ve e

LS)‘\ Qiﬁ "A-'\’ LSLQA

1- Non-Destructive Methods
3- Karl Fischer

2- Near-infrared Spectroscopy

Agricultural Mechanization & Systems Research
23(84), 2022

AR



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

a laBi‘u.,}" L & ?)QY\A

e G
gk &25010 3 JLSa 5 Guge—ndes By
(G5 atged o el aSa e 1 0,59 LS AVA
4 g NS eab 485 slaaSged I oo
L wos Jiie ol 50 oLl s 5l oKl
an TAN azls g 208 LS (o, Lo o Sl
98 (6 S0l (6 egenilly gmml S )
usb 2000 puwcads ol s 5l idgi— =l yo
ol e eola I Ocean Optic oS, & ol
ol o 5 S S s g S
gy |y gl S Ve oA+ i e3ga e 45
PV s am ows (ol A egemme a3 o0
VEEXA N XTI sl Ly il Sy Lol
ol Sony ILX51B CCD L Sl 5 ;o oo
i /) s ey sl e
L ol Sooles 4 (5555 ,d SR SOl
el JLas! s a5 ol soliul o VY Jsb
Silwo 3 g Gialed jolate 4| Soel S Ay
slocean view I3 3ls 5 58 soel Cws 4n lacad
Gr29) FoerelS S—3lo)bUSB &jey 55k
S8 ay bbb glaooly 6,33 ¢ ol gl
b oolaiwl rwiab sleosls pgade i3l s
- 03Pl o el icmwlio jos )y 5 laie Ay
s Jlasl e s L, A122300 (ASD, Inc. USA)

High Intensity Contact Probe

Oles shile Hes amse ol i (6 0 40 (5595 d

e se (lad 1) (g5 il Alels I oled ) IS

Sleslawl L Ve v o sl Siias ;54,0 Sdgp0n
ol oS Oye o oy Sy g a0,
ol Gl e b iy (2l gy
TAN asls o omon g (Sog T a5 59 Lt

el 00 )y

gy gl

ol g 53 eoliial 59 sl ddgl slge
¥ oload as S Sy jaw 29, slaaiges Jols
e plosl Crio g i8S o @8l i 5950
Gl 55,0 yae 09-b (5)5loly sl p3Y Lasg (o))
Jue IV 5 Ol 3iod 5o adllas )90 S
J—olg 5 (89, assed Jlaie (igiy (il 5o o]
el YO g (oo B0 0 S 5 (6 S aiged
A2 (69, Celw YO o Sl gy (6 S diged Oy
VYo Lo (g ,54 ges (Breitkreitz et al., 2003)
atile aslst 5l oS aignd gl i LS5 celus
D (T S ) (§ S A Sge ey
Loy el )5 ki L glasils) oLl
A ooliinl diged Jo 2S5 (gl p2o Pl

il ¥ 51) o0l A i £g, dged YO colod

A FARIEN Lo g,L—5 el AR Sl
PR ':\f)'lu , (VYo g Voo e VO B

00,55,L5 9 95 (€9, diges S ol yen 4 (51350 Loy
ol 0y 0 Sgyu e slapés, aise |

Lls (65,0l ouS—iils

Sl o pd—aan i oK
Ul Slaseiin o Sy logd ) oSl

Yoo 69)_5‘;)M6L_Q;9)0)6 ool

Agricultural Mechanization & Systems Research
23(84), 2022

;0



olyKo2 ¢ obaw!

e Sgyid 595 PTAN (as L g O yladle (s

ErSiub abolw 3 alei —) UG
Fig. 1- A view of the spectroscopy system

A

s b lmools ilo o iy
(Wang et al., 2019) col Sguw,5, o Jon
I (MA) S e (655 oSl 3
sloang B> 5 silw)lyen Loy, (n S s—ere
asS glasss an culab 005250 Solas
AMA) S s 55 il e ;a3 Syl oslin
Solnor S Sl Lo ca b jla i, o
o3l o1 5 (el 555 ol s jslone (slaa k)

05 5l Ol

am Lol hos 5l ey (G 5l 50 09000
S5 oSl il Lo Ll (g5l jlgen cod >
3 lsat i | TV oy iy oy e g S, e
5 (SG) TV I (S sl
Sleng G55 Hob an aily e 45 Conl (g5l e
Sby b DLl (28, e sl g 1) 55
oS b e L g (vl ;0 SG by, 0SS
Gdozdiz 4> 0 5 Sloven sloa_lazi olo 5

f!o |on
S LS T

3

Lacib g5lw)lgen glm ¥ g0 ,olp i an

IS MA 5L lgen 5, Lo aslie (oran

MelS' Sy e (g aigad B 5l bl o
o celw ) 6,5 calitn celw o o Sglais
Sdlo g G Ble Vol (o5 (et (Slej il e
Sy i (£, diged VO aBly )0 0l ewiinb
0 S50 o ol iwiad JE s 00 )5 LS
el 53 00,55, S 00 (S, agel
Sloeelas Lo assed o 5l (ariwiisb gl 0t
NIV ROPIECE JETIAL N TV
(Chira et al., oo asbs o] B,ae b loie
Bi> 5 e 00l s 4 (558 slocil 2011)
95 092y Jdo ) Jegls Ve oo e slagsa sk
FeoooAVe —ab dogu e o (Al 0l ool
Wl hd pde gl 4 ylegl
Woold (w310 1 g

oS0 el e wo a sy —ad sl sools
Jolis caiges ledbsl ogn 1ls ;0 odle il
el ol g g de) e diwleml Sledbl

4 sl olezel BB Sow 55 Gl o (g 10—

1- Moving Average

2- Savitzky-Golay

Agricultural Mechanization & Systems Research
23(84), 2022

4



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

s ye B> e S, el (PCA) T
ot Sl @i 23l ;5 (PLS) T (S5
Sl Ghe)y ol o Cnl el Fnly e
U 290 sl LVS Ly PCS caualin sloss
98 oloel glasss an w9 Col (2 (2l
et > S L5 25l oS s
S5 s Jome (03l a5 Gl je Lo s
D9
Sl (Ao, Av) (ool aiwd 98 4 Laasges
V) af] £ sy L et
i—wly slo Jas Hgpm (Primw liel gl (oo
S8 5 (ga—oilyd (o yoLaie 4 A Bhas g
TAN a3l & g ol oo o s 0 b oo
sl

g,_S).;/\:\_sL;)_sou\_moo‘bd.w_myPLS 09.4_...:;)

VRN a5 acsLe

o

] P W WO

)
o>

ot Sl GBS i sloa by it
s lel gy Ay TAN (a3l 5 o o b
Lo Jos gLl il ol 45 28,8 ool Taboliie

ksl glas Sl ye (50l dd; & 90 4
S n o oS iy, o (RMSECV) & st
Bo— awle (RMSEP) * s i sL_las
s 6l 45 5, S0 asLs (Jamshidi, 2012)
LS A g il 5o ea S i sl Jo—s
i S5 dy 45 ol SDR Y sty s 4t §
A G 050 (Shg) almnly yiite o lailinl il
S— .Jamshidi, 2012) sg— oo ca— ,»5 RMSEP
Josas el e ol A ¥ 9 VD 0 SDRjlade
S d—sly e ol slo i oSl oo
VIO o ¥ s jlocie aiS plate o YL (gl oo

(SNV) s laslial Jlos a5 g,y o 43 5
9 L}"‘—?U cd_u‘)-ﬂ 9 o> L;Lm)J Bi > (_g‘)_:
Lod glwJby ¢l Giegi— ) ;o SNV
ool wl Lacil 5o 5 B0 > 5 (g5l lged 5l
F e g, 5l e iomed LEmgh o o ol o B
ol el A S o b 5,—So e (D1) Jf
@lranlr g dejm Bd> (b SSE Oju S
BRI Sy FUNE X g WEFIPR Y PRI S L g S W PR S
slaa b sla a5 (5w lgen 51— SG v 5]
Ll ey o gladozaiz a3 5 (Solen
RGO SNISINN O
il Rt sy oS

coa jldadb Sl s A > e 0
g5 5 oo (i lzel 5l e
TAN (asl i g ol Jlae o sl S
gl g0 =\_’;_$|o).; Q—I 4 @Lu R TR aS ol O

5 oslin |

—=S 5 o

o9 il 50 00

MA+SNV+D1, (MA+D1.SG+D1 :jl ol le
MA+SNV, MA, SG, SG+SNV,
SG+SNV+D1

PLS (Sgm 55 slo S
Sl sl s, 5,5 4 jlda o
Sla Sy e Bl sloml o psteniz (9
gl el b (slmosls g oad (6, ojladl 2
LS S o ol e (clmosls 5T 5l al> e
b ilgn 5T el oy lmosls 5 Jais!

1- Standard Normal Variate
3- Partial least Squares
5- Root Mean Square Error of Cross Validation

7- Standard Deviation Ratio

2- Principal Component Analysis
4- Full Cross Validation
6- Root Mean Square Error of Prediction

Agricultural Mechanization & Systems Research
23(84), 2022

Al



olyKo2 ¢ obaw!

o a_l>s 0 5 5RMSEP 4 RMSECV .
85 8 e

oo g

P

i ) s)lol laosls Voo

3 ea—8 s pSosladl sl el by (lone Bl
sla s )0 sl g ol Hlade ol ol —iobss]
Ol (D ool Bl 5l ) 1y ge3] 5 239!

.M\)GA

e Sgyid 595 PTAN (as L g O yladle (s

Sl s a5 aas oo Lz SDR a3l gl
a S Jb o aul i el S aBs Ly S
g e Yl 5 e gV 9 VO 5o SDR lass
Jo— Jls 5 052 i slacds Sl
(g ) o .(Jamshidi,  2012) ol
5 LSLQJ 1\
— TAN a3l 55 Ol jlo B o i sl
dp S RMSECV g RMSEP sl d L
AW g meS ah ol ;5 i SDR g 1ev

X\ o Cya 3l Ay Jo—

ST

50 (P 3 Sdgpu 9, aiges g bl gedla Y Jgsa
Table 1- Statistical data of hydraulic oil samples in Visible spectroscopy

(43903 18) (yg0 3] dswd
Test category

(43903 $1) Sb3900 dwsd
Train category

(16 samples) (61 examples)
<l ol <l ol
maximum minimum maximum minimum
SD SD
9.95 74 38 9.95 74 38 (ppm) o1
Koo
0.031 0.52 0.40 0.031 0.52 0.40 i
(mg KOH/qg)

Sy €9, BAiges 10 39290 O e s
Oy by adiee (sl sy S 5 A0l 1 PLS
¥ iz o ol Jlaie gl (S 4ol slaciids

slodds ool ul.u.u

I,PCA g, a0 &y slools Jlogad ¥ S

Al 8l Oy eal ¥ lagad ol 3l s o lis
B0 0, YU sl a8 (esgusw 2 )ls slaosls)
8 @ lmosls (g S ) slaJo—s

Had Bi> PLS g5le Jow

Agricultural Mechanization & Systems Research
23(84), 2022

i



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

Influence
%)
™
u
S
o
e .
5 0.02 4 ; ~
s ° ° é =
o™~ .
%) & ° . o
Q. ' ®o0e * F . .
Roor Y002 i e
R
g N
5 .
o B .
g pes
0 .
(I8
0 + + T T T - - - - -
0 1 2 3 4 5 6 7 8 9 10
Hotelling’s T= (PC-2, HotT=Lim: 6.82693)

PCA (g3lw]uao 3l ool Cawd dy @y (saosld jlag0d - Y JSu

Fig. 2- Plot of outlier data obtained from PCA modeling

&0 b g (5315 ey lisee (59 S 5 B 2 PLS Jae Gibe 9 gblite (il gl -Y Joaa

<l jlade (gl

Table 2- Cross validation and prediction results of PLS model based on the combination of different
pre-processing methods and visible spectra for water content

5 Sl Ay
S ; Ol Bl il e )
410 b s sl (SR slad Ol o sy
3 _ < s 2 315 99y
Saad S [ el i ] i i) WS S o 53] )"U‘“"
3, lastiu! . oy - e © - LVs Preprocessing
SDR P RMSEP eb ablie
) lev RMSECV
2.82 0.87 3.52 0.88 3.26 13 MA+SNV
2.63 0.85 3.78 0.87 3.35 13 SG+SNV
3.12 0.89 3.18 0.96 1.86 14 MA
3.08 0.89 3.23 0.98 1.32 11 SG
2.10 0.76 473 0.99 0.72 6 MA+SNV+D1
1.37 0.45 7.22 0.99 0.72 13 SG+SNV+D1
1.89 0.71 5.25 0.98 1.32 13 MA+D1
1.26 0.35 7.86 0.98 1.19 6 SG+D1

as oy bl pase 45 p e MA Gl s
MA ks, i 4 S glaseS
cisL,rp= 0.89, RMSECV= 1.86, rcv=0.96)

(RMSEP=3.18,

ICV SDR azlis jlaie gV Jguz am azgi L
@isbae g sl Jo RMSEP ¢ RMSECV ap

w49y Lo PLS Joo Lo Ol Jlafe (o st ol

Agricultural Mechanization & Systems Research
23(84), 2022

F¥



olyKo2 ¢ obaw!

o3 5 s S, o b (e JolB)

sl lobe J e jo Ol eo i ot sl lobe

O9am S 5 Jas Oyt Lo (] Bl 4l
(MA 55ls, w4l 5 PLS Jos) axdbas g

Sl oad ooy Las F oV sl K6 o s 5

e Sgyid 595 PTAN (as L g O yladle (s

5 ellis |, O o ke cuily (SDR=3.12) JLe
Sasea S o ul Lo o nla S o s
plw s PLS Joo L ol Slafe mm i 5 RS
@l 09— pdm el 5 3l i sl s,

Sdgid 29) GloaSgei Ol oo o i

014
5
(=]
. = 04
%5
38
W S
} B0,
.:)i',’
2
"2
03

400 416 432 448 465 482 498 515 532 549 565 582 599 616 632 649 666 683 699 716 733 750 767

(ogil) ggo Jgb
Wavelength(nm)

Sgyud g, aiged 1 O Hlalle (w51 ABlarwgl S (3 (oaw 5 ) S g (S0 T IS
Fig. 3- Curve of regression coefficients of the best developed model for predicting the amount of water
in hydraulic oil samples

80

o ° g
- . 388
IE e

-

20 e
1 -
13 e r = 0/87
- RMSEP= 3/18
{ x SDR= 3/12
2 20

10

0
35 40 45 50 60 65 70 75 80
(il 3 o5 o) oodbaputlone T
Calculated Water (ppm)

Sgyid kg Sdigel Ol b mas (5lfaio il > Of bad s by (51, lo Joxia —€ JSUS
Fig. 4- The curve of the predicted values of water versus the determined values of hydraulic oil samples

Agricultural Mechanization & Systems Research
23(84), 2022



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

Qi Hlogad ;0 ol fe gy eSS 4 S Hlmeols

o=l aS s suid oolaiwl (sladiged 4 bbgo e
SloaSeai o1, Ol polde 5L BN 3 Jlog o3
Ol YL o S LS celw b sladsged g oauid solaiul
GHLS ol o > 4 S paphe o aBd oo
ol 8l 6 K i b as ol Saae el YO

Gl Al
=59y AT ged 13 Sgm g0 dumiwl Hlddlo Cyuri

Slgyaae
ol s s @it gl yhgy oS 5 AL o PLS
Ol ¥ Jgas 5o sl jlaie sl e sldab g

lodds ool

Oge— 5 5 S —2 (e il

(el 8390 sLagge Job den Lo sjluJone
aS Glasgs an oo le s Ol Jlake i 4o
) Fagls 07+ g gl TV -0V + sloagge Jobo
sl—ozse Jo—Db (laa SIS, o> boguowe
CH3 ey 53,5l 00902t )0) yiegils YO--F) -
(ARCH ooe—y (5,5l g ROH o L2 ;5 9l
Gl Joe 0 (6 o pe—w (Cen et al, 2007)
50 g oo Slgi it ila_als Ol o s (sl
gl Gl S5 el 5l o Lo g
F S e oolaiwl Lazge Job o 5,105 50
L8 Jow aS aas oo Lis 1) Ggew )5, > Aolas

DS st |y ol polie oy 47 cBe L el

o SBiub g (5155 G Bl s gy cuS 5 Wl PLS Jao (i 9 gbliie (oxiw )liel S Y Jaua
Al ko (gl

Table 3- Cross validation and prediction results of PLS model based on the combination of different
pre-processing methods and visible spectra for the acid content

Bl 53] o j ) Somnod g pu> Ol po (3o Al Sl o )
i Swmod slbs Ol o e . L P
g g5 : bl (ooinslte! el (slbs ok Preprocessin
SDR 25 o Fov ablice LVs p 9
o RMSEP
RMSECV
3.10 0.89 0.010 0.94 0.007 13 MA+SNV
3.10 0.89 0.010 0.93 0.007 13 SG+SNV
3.10 0.89 0.010 0.90 0.009 14 MA
3.10 0.88 0.010 0.90 0.009 11 SG
1.63 0.62 0.019 0.98 0.004 6 MA+SNV+D1
1.34 0.44 0.023 0.86 0.011 13 SG+SNV+D:
1.55 0.60 0.020 0.99 0.002 13 MA+D1
1.29 0.40 0.024 0.89 0.010 6 SG+Dy

Ob9y L PLS Jao Ly ol jlade tm i bl

Lo 1y Jande a5 oy g MA+SNV osls o s

ICV SDR azli jlaie o ¥ Jguz am angi L

) 6[‘“&_] A

O W 9

Agricultural Mechanization & Systems Research
23(84), 2022

55

~ RMSEP 4 RMSECV ap



olyKo2 ¢ obaw!

=<9, s Sges ! Jlade o g mlos
9 O3S ) Sl o imie Jolb) g0
J—lie jo sl oun

Jo—e e L (O B 4l (gl oo

v wa Lgl.&a)‘d\_m )lés_aw'

F 90 Gl JSi )0 cd i am 00 d (uga e S,

el 0als ool UL.MJ

e Sgyid 595 PTAN (as L g O yladle (s

(RMSEP= 0.010, rp= 0.89, a5 (glaiss ay o9
Sl—e o35 L, RMSECV=0.007, rcv=0.94)
5 ol—wlid ) ol Jla 86 o —uilys (SDR=3.1)
Sagea S e ul o o o ola S s
3PLS Jae Ly a ol Ja e iy i 5 e 3

D9 pdy el 55 hle Gt sla by, ple

0.02 4
5 001
-
“ s
FE oy
2
|_
-0.01 -
-0.02
400 416 433 450 467 483 500 517 534 550 567 584 600 617 634 651 667 684 701 717 734 751 768
(ogil) ggo Jgb
Wavelength(nm)

Sgyib €9, Srdiged ;5 ol jlake (dar(ply (12 0500295 Jdo (2 5k (g5 ) SR b (SO0 —0 S
Fig. 5- Curve of regression coefficients of the best developed model for predicting the amount of acid
in hydraulic oil samples

Agricultural Mechanization & Systems Research
23(84), 2022



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

0.6
—j, o5 | e .
1’ £ ..' PR
18 o4 [ B
38
iz
a @
38
‘1’. g o3
Te r,= 0/89
x5
ks 02 RMSEP= 0/010
SDR=3/10
0.1
0
0.35 0.37 0.39 0.41 043 0.45 0.47 0.49 0.51 053
(3 3 55 o) cobrasumlxn vl
Calculated Acid (ppm)

Sgpid 49, sLAig0d b0 prd (g yIulle Jslo 1Dt B (o yiy (S jliile oo —T SIS
Fig. 6- The curve of the predicted values of acid versus the determined values of hydraulic oil samples

S G S sl 5o el e (el
il 00d (o)l (il hagio 99 50
S aloleglss oS50 (29, ;9 TAN (i -)
ot TV el el Sty L ise
ol c& s TAN

o FT-IR (il 5l bs, 99— 50
iy 83l 0 90 o g wloa b4 138
G99y 98 B 40 3> ,m .0 loog Fee-Fe. . cm?
Josd U 5 L5 <8 L TAN (a5l i o
99 4 S )y M9 S o Ll o ol
b 5L 5l =S ose Oy |y RS egimy
2SS Glee Yo e an oliws 5 Sy
03 ;5 Ty Cws play iy Lo
(De Rivas et al., 2017; Rivera-barrera et ose
al., 2019)

=0 03l g Frie glapds, o ol e i
iy slagiagn )3 Conl 48, S0 (S U

loids, 0 de2s0 ol 585 o e e es gl

O35 ) Sl —b (oo bl
(il 8390 e sLaggaJsb s L i (53l
$lases an e sl cdBs ol Jlaie 595 yhew
9 Fagls OV egls ¥V —FA- slazge Job a5
(la b, G2 0500 ,0) yiegill 5 OF
0959l 839a2me ;3) gl Ve o —FOL slozse Jsbo
Jo—Lb s (Mikheev et al, 2017) (ARCH ps
P90 099l 80992xe )3) yegil s VOO-VF - (sLagge
& yiiis ot— (Heise et al., 2021) (CH2 4CH
alails sl i Gl gle e 4o
OS] aS aas oo il az 1o sla s T ol
el celw Veer 5l S 0 S LS ol ol s
e Celw Ve sla s al bl g el
Wla b a 85 cel Ve pa 5 Slaa_ges
S50 L sl e B 5l g et S5
Vooo lamasS 8§ aol olgs co 0l adiges
e S (6 e (il Bl oy sl Hlaie cel

Syl Ld oo, cels

Agricultural Mechanization & Systems Research
23(84), 2022

ZA



olyKo2 ¢ obaw!

Gl Sl Sl 9 0SS (e g 90
(RMSEP=  0.010, rp= 0.89, MA+SNV
o 8L ,RMSECV=  0.007, rcv=0.94)
e ) deasl o e il (SDR=3.1) JLe
se—e e plpl o
oS5y — o Jleisl o e ) (65 >
sloslawl Ve bl i 59,0 S0
Ot Slom e el b g & s
el beog JBTAN el 5 o Sag i
Sl e b Ul 35 oo ity
(&5l 2 e adox Sl L Sodll plu Ll

S e g S0

50098 o bl by Olyd (o8, olie Sl wls
)5_&.:5)_?5)0 u&:.]s)é_f..bb_és))d uj.»_».u‘w‘
odﬁ.?d_w@w_.adl_ﬁbyﬁ)ﬁl_wj\/”’ bl

-Oguh

e Sgyid 595 PTAN (as L g O yladle (s

4S5 el oud oolaw ‘cs’)l) PS> 09 )‘ So
ijo)la_J J_,Le s_:] d_._eo )‘J_M = ws) U_" L)
S92 oty 0 2l 095 L g Jletol Lt g e

.(Ghasemi et al., 2018) s ,ls

S 5 4%
Sragel Sy sldil )y g el
il (g, 5l aS ol Lis Sy e o2,
g2l e i 5 patS Gl BlsSise S
Ol 5l Sl 5 Loy Ul s o, 0,40 ol
L il (o3l ey bty oS 5 4S ol
W Ladid |y ol Jlaie asilg o PLS (g5l Jow
(RMSEP= 3.18, MA _ijls,s i 45 (glassT ay
8s Lurp= 0.89, RMSECV= 1.86, rcv=0.96)

s, ol R lgs (SDR=3.12) JL<

Fodly

Ahmed, A. E., & Alam-Eldin, A. O. M. (2015). An assessment of mechanical vs manual

harvesting of the sugarcane in Sudan — The case of Sennar Sugar Factory. Journal of the

Saudi Society of
https://doi.org/10.1016/j.jssas.2013.10.005.
Behroozi-Lar,

Payam Noor University Pub. (in Persian)

Agricultural

M. Mobli,h& Jafari, A. (2008). Machines for harvesting agricultural

Sciences, 14(2), 160-166.

products.

Breitkreitz, M. C., Raimundo, I. M., Rohwedder, J. J. R., Pasquini, C., Dantas Filho, H. A., José,
G. E.,, & Araljo, M. C. U. (2003). Determination of total sulfur in diesel fuel employing NIR

spectroscopy and multivariate

https://doi.org/10.1039/b305265f.

calibration.

Analyst, 128(9), 1204-1207.

Cen, H., He, Y., & Huang, M. (2007). Combination and comparison of multivariate analysis for

the identification of orange varieties using visible and near infrared reflectance spectroscopy.

European Food
https://doi.org/10.1007/s00217-006-0470-2.

Research and

Technology, 225(5-6), 699-705.

Chira, N. A., Todasca, M. C., Nicolescu, A., Rosu, A., Nicolae, M., & Rosca, S. I. (2011).

Evaluation of the computational

methods

for determining vegetable oils composition

usinglH-NMR spectroscopy. Revista de Chimie, 62(1), 42-46.

Agricultural Mechanization & Systems Research
23(84), 2022



OV-YY o/ VE+ Y liumojIAL 8,lowd ITY ala/ (55,9WiS ygmmol jailS0 g rdilob ciliyions

De Rivas, B. L., Vivancos, J. L., Ordieres-Meré, J., & Capuz-Rizo, S. F. (2017). Determination
of the total acid number (TAN) of used mineral oils in aviation engines by FTIR using
regression models. Chemometrics and Intelligent Laboratory Systems, 160, 32-39.
https://doi.org/10.1016/j.chemolab.2016.10.015.

Ghasemi, E., Hosseini, V., & Yazdanparast K. (2018). Oil quality monitoring in gasoline spark
ignition engine using oil dielectric coefficient measurement. Engine Research Quarterly. 53,
54-45. (in Persian)

Hamilton, A., & Quail, F. (2011). Detailed state of the art review for the different online/inline
oil analysis techniques in context of wind turbine gearboxes. Journal of Tribology, 133(4),
1-18. https://doi.org/10.1115/1.4004903.

Heise, H. M., Delbeck, S., & Marbach, R. (2021). Noninvasive monitoring of glucose using
near-infrared reflection spectroscopy of skin-constraints and effective novel strategy in
multivariate calibration. Biosensors, 11(3). https://doi.org/10.3390/bios11030064.

Jamshidi, B. (2012). Non-destructive taste characterization and classification of oranges using
Vis/INIR spectroscopy (Ph. D. Thesis), Mechanics of Agricultural Machines, Tarbiat
Modares University, Tehran, Iran. (in Persian)

Liu, W. W., & Zhu, Y. (2020). Development and application of analytical detection techniques
for droplet-based microfluidics -A review. Analytica Chimica Acta, 1113, 66-84.
https://doi.org/10.1016/j.aca.2020.03.011.

Masoudi, A. (2011). An introduction to oil analysis. Alborz Tadbir Karan Technical and
Engineering Company, Tehran, Iran. (in Persian)

Mikheev, Y. A., Guseva, L. N., & Ershov, Y. A. (2017). Structure of matter and quantum
chemistry UV-Vis spectra and structure of acid-base forms of dimethylamino - and
aminoazobenzene.  Russian  Journal of  Physical Chemistry A, 91(4), 715-726.
https://doi.org/10.1134/S0036024417040161.

Nematpour Malek Abad, H., Sheikhdavoodi, M. J., Hazbavi, I, & Marzban, A. (2020).
Optimization of refinement operations of sugarcane harvester hydraulic oil. Journal of
Agricultural Machinery, 10(1), 59-72. https://doi.org/10.22067/jam.v10i1.75912.

Raposo, H., Farinha, J. T., Fonseca, |, & Galar, D. (2019). Predicting condition based on oil
analysis - A case study. Tribology International, 135(January), 65-74.
https://doi.org/10.1016/j.triboint.2019.01.041.

Rivera-barrera, D., Rueda-chacén, H., & Molina V, D. (2019). Talanta Prediction of the total
acid number (TAN) of colombian crude oils via ATR - FTIR spectroscopy and chemometric
methods. Talanta, 206(July), 120186. https://doi.org/10.1016/j.talanta.2019.120186.

Shi, H., Zhang, H., Ma, L., & Zeng, L. (2019). A multi-function sensor for online detection of
contaminants in hydraulic  oil. Tribology International, 138(April), 196-203.

Agricultural Mechanization & Systems Research
23(84), 2022

VQ


https://link.springer.com/journal/11504

o‘)&o& 9 o‘.&.\.w' e »S.;Js).\yb ‘}55) » TAN U”l“’ 9 ui )‘.\5.0 U’?f«"‘."

https://doi.org/10.1016/j.triboint.2019.05.025.

Wang, K., Huggins, D. R., & Tao, H. (2019). Rapid mapping of winter wheat yield, protein, and
nitrogen uptake using remote and proximal sensing. International Journal of Applied Earth
Observation and Geoinformation, 82, 1-20. https://doi.org/10.1016/j.jag.2019.101921.

Zhao, Y. (2017). Predictive equipment maintenance oil analysis (Handbook). Third Ed. Spectro
Scientific Pub. Available at: https://www.spartancontrols.com.

Agricultural Mechanization & Systems Research
23(84), 2022

\A!



[ A
5\

Agricultural Mechanization and Systems Research/\Vol.23/No.84/Winter 2022/P:57-72 / ) Z , X
LRAMS .

e Journal Home Page: https://amsr.areeo.ac.ir

Research Paper

Determining the Amount of Water and the TAN Index of Hydraulic oil by
Visible Sproscopy in a Austoft 7000 Sugarcane Harvester

Sh. Asadian, A. Banakar* and B. Jamshidi

*Corresponding Author: Associate Professor, Department of Biosystem Engineering School of Agriculture, Tarbiat Modares
University, Tehran, Iran. Email: ah-banakar@modares.ac.ir

Received: 29 April 2023, Accepted: 4 July 2023

http://doi: 10.22092/AMSR.2023.362145.1450

Abstract

Nowadays, due to the evaluation and high costs of maintenance and repair of sugarcane harvesting machines,
it is necessary to monitor sugarcane harvester hydraulic oil using a faster and non-destructive method to
determine contamination and TAN index. In this research, the ability of the visible spectroscopy method to
non-destructively measure and predict the water content and TAN index in harvester Austoft 7000 hydraulic
oil samples at different operating hours was investigated. For this purpose, spectra were taken from the
samples in the spectral region of 400-780 nm. Multivariate Partial Least Squares (PLS) regression models
were developed based on reference measurements and pre-processed spectra information by combining
different pre-processing (Moving Average, Savitzky-Golay, Standard normal variate and First Derivative)
methods to measure and to predict the water content and TAN index of hydraulic oil. The results showed
that the visible spectroscopy method could be used for quick and non-destructive measurement of water
content and TAN index at different operating hours of harvester Austoft 7000 hydraulic oil. The best
prediction results of water content in hydraulic oil were obtained with PLS model based on moving average
(MA) preprocessing method (r,=0.96, RMSECV=1.86, r,=0.89 and RMSEP=3.18), which had excellent
accuracy (SDR=3.12). On the other hand, the PLS model based on the combination of moving average
preprocessing and standard normal distribution (MA+SNV) was able to predict the TAN index with excellent
accuracy (SDR=3.1) (r,»=0.94, RMSECV=0.007, r,=0.89 and RMSEP= 0.010). Therefore, the application of
visible spectroscopy technology in agriculture and industries can be recommended for rapid monitoring of
hydraulic oil quality and with the aim of controlling pollution.
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