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1. Vis/INIR

2. Weighted regression coefficients

3. Successive projections algorithm

4. Genetic algorithm—partial least square

5. multiple linear regression

6. partial least squares regression and least squares support vector
machin



Ve Gl oF o)leds A 0,90 diE Caio [0 oz slaisslid aslilad 0\ Y

9 JSi w03l boogao Ae lagy] oo 5l g Jiiie oSialejl @
el I Glalss Sme e 5 CSleSy S,
Sl ot lojl plodl sl (2 ) (Sormg b 5 Sl
g ¥ Ve Gho slayg, 4o dad 5,l0aS FOC sles 4o g
baiges 5l dae Vo 5l )b o pj zpd & eSS 7o
R bl sse PH L 51 alolidl 5 sl (5)ls g

VR4

Hyperspectral camera

Image acquisition software

| Ls)lbdi.; 0,99

L“U:’S) 9 .>|9.o Y
Qigod dnd VY

Gl Slel 5l paados,) o8, camw (golawi iagh ol jo
ALolidl Wogee o s o)) el (oSt )3 &ly o

Sample

Light source

o PH 50 it sl skl 3 (6,10 gl aileles Lol sl (V) JSSi
Fig 1. Main components of the hyperspectral imaging system for predicting of apple pH value

CCD lajlu,l5i] o b 5 olidy, b Lials sy
N NP V5 " VN USSR o ol

g obow g0 pgal SO L bld polal (gls ppgal
51 JelS pilingy b ol i3l pppe s ol s

w90

St OB5L paal g Sle hgy 0 SU 3l eolatwl b 90
O (129737 Gb3L) eles auhw ass SO 5l eslawl b
alal, b (Ro) el caws s pl3 pglas 5 [VV] el cows

W% moeal (V)

= Ro7Ra o)

- Ryw—Rg

R

ng olew Rgas Ry ‘Gétbljé ‘_Aial Rgas Ry a5 c5’l>
4 5o 6‘)—.‘ ol )] )_»jLaJ )| ! Sl g_;'l-’)l-’ ™y
LVA] ol eolawl pries Jdows 9

bl (5,18 2y 9005 V.Y

0393) e S5 3l eolatul b ladiged 5l anbold ol
4, (Fanavaran Physics Co., Iran) iz > (5,18 55 9a8
Skl OBl g0 SOl e (pl el s
RO RN S e I3
odal Cawd @ p gl g sl JuSis (CCD) ‘om@)u
Voo B Fee Ml zee Job b olad ales ¥Y- Lels
s sl el eizas 331 5 el VY Jld o
05 3 poliieds g nj 20 & bl )l p g
Om abols (e 3w Gl jo Bl ©Ojgon ogie
sbieds g b aid)F Gl po Ve om alele i g wged
LY W s aie Sl pslal jo asls obml Sl (6,05 6l
() JS8) D92 diged ay Cand 42,5 TO gl

1. Charge-coupled device (CCD)



Ql)lSA.Q 9 GMJf 4]‘..\.'4

VoY 0 o PH O ess gz 98 )10 popeas

Foo slagge Job oL
2o s bbby, x5 B a5 Sl
Sy Byo wieils bagge Job 5l (Lol 03l b (el
L.»).m ‘) &9) U"‘ L;.o& oﬁ)lS ! yLa )L.w.s M).m 9
053 sy ol ol s & b 1 sjba ge (Sen
Sl @ lagge Jsb (0,5 39000 5 50 slagse Job
S Sl Bl e S5 iy S OSee Hlade
Oegh onl 5o dwyge S 4 Jlenl Sl I (PLS)
90 4 Bolal Ojgods ool do o cole jslatea
g Uoigel shieds lddiges LAY ol el Coomd
el Cp osls (BL 5l g abliie g oz ,licl]
als oolaiwl  Jaxie

5 Sype la i

LS‘J'.’ PLS LsL‘bJJ.o A
3 g ol osls (g,
e gl 5 R sy sill slagasls
ol slieas (F 5 ¥ Luls)) RMSE) Ml e uSiles
A oolazwl Jowe oy e

n ooz
R2 — 1 _ L=1(tl Zl) (\,)
XL tf
N (g.—p.
RMSE = |%i=1(%P0 )

N
&y PLS GolyndS oo (e g )S) oy )l
L slogge Job ad oolinal 550 lagge Jobo ol
a5 w0 Gl Ggm Sy cupd Blheyud VL polie
g Wyl Y s PRI Ve I ul),.:L o axio
Bgd Bl Jie slagge Jsb olyiear ally oo azityo
Iv-]

Fo sz Jsb 3l coliius! by (g jlu Jua F.F.Y
Job om alaly o0 (5l Joe (nye o280 Hekaie

(eSS 055 Job )0 e PH Ol 5 50 slagse
(MLR) b PLS  sla o
T ssian eas 4SS 5 VM) U lanty il

SHURSES OS5

10. Coefficient of determination
11. Root mean square error

12. Support vector machines
13. Artificial neural network

PH (5 50 luil . Y.Y
FEezes o PH Sl egecs] PH (5,:So5lail jslate o
oolatw! lae sles ;o (Metrohm 827, Switzerland)
39 7SI ol H3 L g w50 egmecl 5l (g ke 0

LYA] as &S oslail pH Slade ‘o%.,osTJT o

Wools Judxi g 4 3z .F.Y
Bi> yelieds (PCA) ' Lol bailgo 4y 3a5 N.F.Y
©y sladigas

O ol alie Yo & logilejl el Jsbo 5o
e g Caoydl (5 dged il (g yslaan (Dl B
Sy sl 4 by cslicl baiged (S ol (Sae
OHilon S 5l B ladiges (nl Bd> jelaeds Lassly
A oolaiwl Lol slaadse 4y 320 5l Waosls (g9,

o318 gy YLFLY

S| QSM GD.JG 6)‘o)4)45@ W )| J»al? ‘_gl.boo“)
JUUE TV N B VUL JUR IRCE DR I POt { RO
s lsanl igas oIl o iT iges b jLe ST
Lo il e 4y ool olow] slojigs iges ;o  oxbaw
SlMbl ol g 3,65 3 K Jelse g ke 5 bl
ool 5 % b Serl S slaJow cds p atulgsl
JB g g ol (rinly sladas 4 pliws Ze g,
ol e YA el Weesls sl i a0 Lo olezel
f . - a v e - A “ . e & B
calbo S 0 pwsS LS 0 S e (Sl Glegh

o . L0 oy e .

oy geoeal ¢ Gileley Y9S- S igle (olelgen
S35 2 SNV) s lasbial Jbos mss8 9 (MSC) Vo33l
A el laosls

5(PLS) " Gj= ©layo las gam 55 Y.F.Y

1 Principal component analysis

. Moving Average

. Gaussian Filter

. Median Filter

. Savitzky-Golay smoothing

. Normalization

. Multiplicative Scatter Correction
. Standard normal distribution

. Partial least squares regression

O©CoO~NOoO U WwWN



VEe o ol oF o)les A 0,98 dié o 10 dyuz slasglid aalilad O V-f

—Y\] Sl 00 U")‘)f 6)‘\5& 0,99 J}lo o UYBM
Iy¥

(PCA) Lol slradlao 4 35 V.Y
oas ool ylad ¥ IS o oS PCA SJUT ol wluly
Grogi 1) lalojl 850 sladises (uil)ly 51 7Y (PC-2)
5 7Y legome Jgl Lol ailie g0 ams 0 5 oS
JSWJ Q—".‘ 0 as ‘L;;QLQ.D Osed ..\....5‘59 ul...a ‘) [EYSIN
ol ol a5 W ls 513 oad LS MlS &gy 5 o LS
a4 B 93 4 ) ol &5 s ol
aS 68 e Ll (6,10855 0,90 Jobo 10 badiges il o
4 ladiged (S gtalesl plosl Jsbo po o &3S 5y
Gyglaer Dl 8 O yulai el LYo
Slp Gieeh ol yo aS [YV-YO] wil o el
Foowledl -Slils B oY )l L:buT RS
Iy Joe b diges alols F osilenBl g, ol jo .o oolatul
hpogs oaaasplis Suble @S @iy 5 WS Ol
J5 5o il olawd cewl oals oole ol o =Y S
opls Cude b aS al yend Oy slaosls lgicds adiges
B &y polie gl o a5 wleads eols lis
5o oad plolis &y slacols .ol AID 31 3YL Sbils

A Bd> gam L;La,}"JlsT

wif LS 25 e assl b glhe ol g3leosly (ANN)
90 4 Bolal Ojgeds ool doJus cSle jelaieay 0l
(¥ 5 ¥ Lls)) RMSE) Slay o (oSile Ji slbas 5 R)
s 4D el eolatal Joe (n e 8L olaied
SeJebs Lasl my wpesI b aYaur gy
95 e slagee Job olaws b ply (9)95 olaas b 589,5 0¥
3ok Y 93 5 o bg PH) G998 o L (295 Y
osliul (Ve g A & ¥ LY) (g6 olawd 5l alies s iy
O)lgS sl S gl o oS 5 gl Gl )3 eigees D
solazwl SEPan (omal aSl sloygg Ls)’l...qr:li:.:e & sl
Oile, Blas a4y g aSd a0 hjeel Cde 4 a5 0
s 45 3l i a laools Ll 5wy ol 4l
The Unscrambler X 10.4 138l o 5 51 oolaswl b e9rae
NPley 5l amas aSl obxl Gl g 85 bl
oy 5 Slowbre 45 iman 08 ooliiul Matlab2018b

28,5 alil Microsoft Excel 2016 1531 o 5 50 s jloges

Sy g gl Y

S)10a%i 0,90 Job y0 Laiged pH &l i .Y
s oo o 1) o lodiges PH iolie (V) Joor
oley i3S b ol gmls Geluly ass e olas Siale]
PH o Slpess opl wboo (ili8l baiges ;o PH lads
G sl Grae 5 i Sl a Glgie | baigel
001> e (5,045 0590 Jobo )0 o9 (o 5l (SBU

byl Gilisee Jol e )3 car sladigai PH polis (1) Jgax
Table 1. The pH values of apple samples at different test stages

b O ot Kileo Slaas (59) oyloj
Meanz Standard deviation Number Time (Day)
4.075+£0.011 20 0
4.176+£0.014 20 20
4.364+0.018 20 40
4.440+0.019 20 60




Ql)lS.o,m 9 LSMJf AJL.\.'&

AR 0 o PH O ess gz 98 )10 popeas

Scores

60
50
40
30
20

...,

PC-2 (2%)

'
b
50 i

-300 -200 -100 0

100 200 300 400

PC-1(95%)

Influence

=
EN

=)
=

F-Residuals (Cal)PC-3, FRes Lim:- 1 24244)
5 S B
L 4
P
.0
- -
L J L

=

ro
w
ES

5 7 B g

Hotelling's T* (PC-3, HotT*Lim: 8.48702)

(PCA) ol sloadlse 4500 gl (V) JSCb
Fig 2. Principal Component Analysis Results (PCA)

booadloy o Symie (xSl slagiy, o 5l Les3
Y-S sl sile,lsen wdgazme 5 xSl ainion
&9 9 (MSC) oanl¥l iz mammal 9o 5 Jsl liiee
- S yaste il lsan 3l eolil (SNV) o Jaibisl Jlo s
syl asis jo C8s p VL Jol olitie YsS
2 [V Ler o Slyclls o jo ], K,8ax68 A
Trwgyd e b loolaiul b (298 o SSC e
ol Bl iy memal mly bng el @l Suop
U555 5 oslial 1) SNV sl Jloyi 395 5 (MSC)
15 (MSC) eonyl3dl Lidy g | oolical 45 Woges
S 6538 G SNV) o lslisl Jloy 2595 b annlie
5 Vo] Lo 5 o5 clls wale> o ;0 SSCjlase

Trwgyd wnb loolawl b (8,5 05,5 SSC (e

(PLS) 32 wla jo Blaz a5, V.Y
el 5 cygenl oS sloacgazme (sl RMSE « R% jyolie
5 pl> osls LPLS  jgn )5, ilies sl o (oinw
ool ool HLaS ¥ Jgao jo alide milsi boonls 3la
dapr A5 o 0 glis ead Wl mls el
09 skl izmen g oad el lahile i
g oy (gelbe S0 b PH oy 40 0B hjlop iy
Gl g 5 ead (e Jae 0 @mlS ne
RMSEC=+/-Y- L V55 Siugle  slolgen
&s Jol> R%y=+/AA+ RMSECV=:/-Y+ R%=-/qA-
Glopnsas Jewily [VA] pla 5 Glom, (V) JS2)
Jold (K 3az o8 oS Sl St ol 4 bl

Ol )3 dges oy p |y (Sugk, lyie 9 PHSSC



Ve Gl oF oyl A 0,90 dié o 10 oz slas,slis dslilad O\'?

g b otz o el sad Jols GNV) ojluliol Jlo  Jold b5lopoin dilime lagbs, om 0 ooy
5 GrS oyl Sl 5 by dbdiged Cglite Cuole a5 anie b ledey (Y5 Siugle ilelses
Cosl o DVgame b plys jo0 IS lull plo Jlp it gilulubinl (g)lsnl giloJloy @S
3 S b line glogiagy 5l Jols el iy menal 5 ONV) ojlilial Jlos e olsid

V] 0,5 8 aslie mjes b oaseas (e a5 050 (5,055 (MSC) ousl;il

(PLS) (ygums )5, calitre sl Joe (ST Slel g yguml pdS” sloac gazno 51,y RMSE R? polae (V) J,QD.
Table 2. R* and RMSE values for calibration and validation sets of different regression models (PLS)

2 2
RMSECV R RMSEC R% &)lfﬁ 95
Pre-processing method
0.028 0.977 0.027 0.979 O e e
Without preprocessing
0.021 0.977 0.020 0.980 S e eSiles
Moving Average
0.021 0.978 0.020 0.980 esS il
Gaussian filter
0.021 0.978 0.021 0.979 wlos L
Middle filter
0.018 0.980 0.020 0.984 Y55 S sl g5l lgan
Savitsky-Gulay smoothing
0.027 0.960 0.026 0.966 o Jleys
Normalized
0.027 0.964 0.025 0.969

(MSC) oasyl38l jizey Toas
Multiplicative scatter correction (MSC)
0.026 0.966 0.024 0.970 (SNV) o)bjL';...J JLA).# P

Standard normal distribution

45 -
Slope Offset RMSE R-Square
1 09233215 00687384 00173325 09839225 'I: :'.
44 ] 09847444 00657338 00207272 03735251 s
i bt (1L
Fas ]
I
s
>
42
o |
3 L
% a1
' T
4 - r r .
4 4.1 4.2 4.3 4.4 4.5

Reference ¥ (pH, Factor-3)

Y5-I sl ilulgen boad (3318 5 ey PLS) Ggams )55 Joe PH 00l (s 9 (2815 ol (o (V) S0
Fig 3. Correlation between reference and predicted of pH values of PLS model that preprocessed with Savitzky-Golay smoothing
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Abstract

Quality assessment and fruits’ sorting are important activities in postharvest process that are attracting notices
interestingly because of increasing demand for healthy products with better quality. In the recent decades,
various non-invasive and non-destructive techniques for fruits and vegetables evaluations have been employed.
Among these methods, hyperspectral imaging as a non-destructive, fast and ecofriendly technique is getting
researchers’ attraction increasingly in order to crops properties assessment. Regarding this fact that consumption
of organic acids and consequent changes pH is considered as one of the important qualitative parameters of
apple fruits, this study aimed to investigate the effect of shelf life time on pH value of Red Delicious apples
during 60 days. Hyperspectral reflecting imaging in range of 400-1000 nm has been applied while the pH of
samples was measured destructively. After discarding noises using principal component analysis (PCA)
analysis, to improve spectrum, different primary pre-processing had been applied and their effects were
investigated. The suitable model was obtained via Partial Least Square method (PLS). Important wavelengths
were selected based on regression coefficient of the best model includes large absolute values of weighted
regression coefficients (BW) and using various techniques were modeled. Concerning the PLS analysis, the best
results were obtained through smoothing Savitzky-Golay pre-processing with mean square root error (RMSE) of
0.02 and 0.018 and coefficient of determination (R?) both 0.980 for calibration and validation data, respectively.
According to regression coefficient of the best model, 9 wavelengths were determined as the best. In modeling
by efficient wavelength, artificial neural network (ANN) gave the best result. Hence, it was obvious that non-
destructive method of hyperspectral imaging was capable to predict pH values of apple fruits with high accuracy
during the shelf life.
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