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1. Creep test
2. Stress relaxation test
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Fig 1 Mechanical test machine and backscattering
imaging system
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Fig 1 The segmented image at wavelength of (a) 650 nm, (b) 780 nm, and (c) 980 nm; and (d) the histogram of
the resulted image at 650 nm
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1. Neuro-Fuzzy Modeling Techniques
2. Clustering

3. Fuzzy C-Means

4. Xie and Beni

5. K-fold Cross Validation
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Fig 3 Force vs Extension curve resulted by uniaxial
compression test of potato
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Fig 5 Comparison of the mean tangent and secant
elastic modulus during storage; E represents the
modulus of elasticity, C represents the compression
term and the numerical index represents a
compression rate of 2.5, 5.0, 7.5 or 10 %.
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Fig 4 Stress-Strain curves of potato tubers for each
month during storage
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Fig 7 Comparison of the mean of toughness
extracted from the uniaxial compression test during
storage

o ‘_;J‘bﬁﬂjd @l}) bﬂ.:-.oj -Y-v

Wyt S5 Sl L5 SS1n e d adlie sl A S
alj«.AA.gb J)l ALA)}-\O' nm G‘}Adjb); (5 S ods
Ll A IS s s o OLAS sl 35l sl e
FoSy o G5 Crlie Sl 0 Has LS e
‘W "\"L’Lf J:.Als [ &Slﬁ )}» (SR Q\J:A AKK
o en a4 Jyl ams oS b ol e ol A Je s
ol Sl 8 s glaesls @U Sl s g et
6LAC‘}AJJJ¢ 6]); 6;]4 s Coluw Lledesls ol
G s Solos CSlae A nm gl of Jis 4 5 VA
g'.,\:..:v et (A 3 \% Jg.‘lr) el N0y NIM C'}Ad‘jb )]
4 Sl g il 5 Ll g 8 odd el lals

Ll i a e 100 NN - 50 51

A§ 22

53 G2l sy am ¥ e (ras onl AR
2 alS Ok B8l cwl asls gulsll Jsb
ol edd OIS iy 58 elie sl Ol
Jsb o e tass cal 5 5y o axdl [E0 5 Y4 TE]
BTt S U PR o B TSRS LS R ST
ol 0355058 ke aglie slaogasl 3 Lls e

L8V]
gl Gad s &S 55,0 Sl eals Wy S s
Jj PES R CCN] P RGOt I Y Ve S IVS NSOV T P W
Ogo3l G ol adiosls OLES (15,0 055 i 55 (S
ik sl s ol ol s SR ol (S0 5 Sibe wlis
S S M= Dedd L) 5 kSl bl
Wged Jolwosys JLd il bl b 4 Gl s i
sddaslyl Jes [l Sosline i alie Olidss s
5 suses s 5 [EY] OQVA) O 5 Ko ils Lu g
CSl akkd jy oS sl OLES [EY] (VAMR) O
e I
C S S S Al 53 (V4AY) 0L 5 s
S hla boaerlse s ol dsb s e
L3S PSS Wi dpame S S I e

Le¢]

Maximum breaking force

Month

Fig 6 Comparison of the mean of the maximum
failure force during the storage

5 Sl WU badgle bl o by de ek a
G ope oS Sap SOl SIS 5 me 53 sk o)l
S Gs S (Ghass opl oo [E0] 5 e il S
Sk > Loyt < 53,5 Som i 5 51
S Bsb Lole a5 bl LU e ol
ok gladshe Jls il s slas s il Sl

Sl s b ol Wy Tl [ 4 s


https://fsct.modares.ac.ir/article-7-20228-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-25 |

\Y’Q\/ L) c\ 0 692 J\Vn)l.q.:r

u.l\.l.'c Glﬂp}(}l&

Intensity

w
=]
8

n
@
8

N
=1
8

=]
8

@
8

M: 1/WL: 650
al=260.5563 / b1 =289.7798
c1=199.7503
i RMSE = ?.5859 .'Al‘.lljRSquare‘= 0.99089

[ Intensity
—— Gaussian First Order | |

100 200 300 400 500 600
Distance (pixel)

Fig 6 Red component of light diffusion from a potato tuber sample at 650 nm in the first month

Intensity

@
=
s

o
@
=]

N
2
8

&
3

=
8

50

M: 1/WL: 780
a1=285.1596 / b1 = 291.0304
c1=128.8587
RMSE = 19.7328 /| AdjRSquare = 0.96434

* Intensity
J Gaussian First Order

100 200 300 400 500 600
Distance (pixel)

Fig 7 Red component of light diffusion from a potato tuber sample at 780 nm in the first month

M: 1/WL: 980
al=284.6772/ b1 = 286.6332
c1=159.7289
RMSE = 24.6295 / AdjRSquare = 0.94257

100 200 300 400 500 600
Distance (pixel)

Fig 8 Red component of light diffusion from a potato tuber sample at 980 nm in the first month

S 05 s Gl w03 o ss SAS)y s 558
Sy b Sl Ges s 348 (=L<;A 4 Wised 4 D49
Aoy nm C_}"J}b 5 Sl er..fug..).lp.- “ ga0 ol
093 6L€,ZJ]UC}> eLA): J&S)\mﬁ\bu@ﬂbh
5 ke 1) i opl Ol e el 035 b 1, b L,
CJAJ)J? B ‘W |3 LAA.UN 6LA L}:gj)ls Gl
693 6L€,2.:\ G ) L;.L.;lje' e oo U L,y VA nIm
Gl g ead ekasOliS &S 5sd syl wsed 3l g rh
Todsb 53 ol O Wl £ pedsk ol slaedS Ol
S Ly e ol oIl a5 L0855 50 4AY NM
548, e gl s (sl Iob s S 4 ol

Yé¢o

v p Gl Sl Chal 5 oS el ol ke
V.Al.:q Jg.ir): eLAJ'T..ZJQ QA jV/\' Aoy nim C_}"J}b
Sl O’“’ij) a-14 Jg.ln oA g L Llodesls QLS 5 anslis
L& o 00 MM pad b 5l 0) auls b Olie oS
= QA nmj\//\' LSLAC_}AJ_}L DL c(})]} LSM;AL’ Juj)
J)b DL b JJ.Q\J_B\ J".’J)&:’. aolsl ‘(5‘9../4 eLAL?uLAlS&_:)\
Gl Obey 1w a sa ) ol il oo 25
)\ )}3 nm AA- jV/\’ LSLAC_}"J_}J? “ uﬂLM..?- 6[.;&5.)\;;5
sesby Oldd Gl odd (ST 6 iy Sl b aikaie
jAI.»L.L.: 6LA¢J\~5 &Slﬁ ‘)L:?'LMJ::&? et LAA.;}N
b-a s 55 il Bl ol ele l5 e a3 w0 Lol LS
ooy s atial LSS S e o 3 Sl L)
4 S il g o e O3 el ol DL T, LS
QMW&@@)S})})}N%Q:}{JJ€JJ 6L;u
AL gla K8 anslie 53 Cod sl ol el el s


https://fsct.modares.ac.ir/article-7-20228-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-04-25 |

L Jsb s s SO ol s e s ol

0L v&;;.-)\ Sl Al

AB

Intensity

Seslid b e slaeds SO slaasls
5 eddag G5 A sl Sl eddpl Sl gl S5
iyl )V Jsds s (SO sladsesl Sl i A e
otV Jade 3l fofo 0l 4 g Lol
Lo Sl eslinal o5 acdn 5 ol 5 Jul oS15 s ehise
Sheslial S8 atzell dde (sl 5 V0 M = 50 50
AL Gaote 00 el a3 LS VAL DM 2 el b
o 3 S Gl 6 e o A M el b 55 (S ix
T) el dde T paeme Sl eddpl sl gladie oled
(S ool A xSy asseme VX zaedsb
Lodol oS50 o aezVl Jode cai glade
Rev=0.894, Rp=0.815, RMSECV=0.329, )
Rev=0.891, ) L o lex o515 5> 5 RMSEP=0.434
s Rp=0.827, RMSECV=0.163, RMSEP=0.209

L SEWLS PG PN A il i1l Cfdjb)'\ oslasl b

Fig 9 Comparison of the mean values of the (a) amplitude, (b) center and (c) maximum half; at 650, 780 and 980
nm in six months

6JL~JAA . -
sbad pled s ylaa e ol plad Sl gles sama
oS, gbadae sl s NSGA-II (,.:i)jfll RS
Lo ple dbe @ Odey Sl Gleting TS 3 el
Olyeay ams iy B 238 13 s 5550 5 el s
S ) I Shs pled sl apd Sbsl s o e
e Colee + dol ar s T b el + Ly
et ol (SEe gl gl s (sl
oS VY B Y laad i ol ¢l (J ) o lisl
Se W) @S ks a8 sl Ol ol 2l s e
Clon ba e Ol s ansls 2l g sbieay Jde (gl ad st
Cnd 4o ‘u?%;l.x&?}ubl.;mo:)ﬂw:qb.wl
Jie Sl dadl b clie o pude w5 adps S
P dadite (Sleang Cgxr 4 3 S i (530
CL?LEI Sl A Jlesl 536 s Jae ¢, » ANFIS

ot 0> O el s s siledde anl

Table 1 Specifications of the best models to predict the mechanical properties of potatoes

Wavelength ~ Mechanical property =~ Num. features = RMSECV ~ RMSEP Rey Rp
EC4 (Mpa) 10 0.163 0209  0.891  0.827
650 (nm) ECI1 (Mpa) 9 0.329 0.434 0898  0.815
Finax (KN) 10 0.017 0019 0864 0.811
780 (nm) ESec (Mpa) 9 0.146 0.172  0.870  0.808
980(nm) Toughness (MJ/m*) 7 0.022 0.029  0.800  0.874
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Evaluation and prediction of mechanical properties of potato
during storage by laser light backscattering imaging
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In this research, changes in potato texture during storage were evaluated by laser light backscattering
imaging method and using physical and mathematical models according to the results of mechanical
destructive tests. Using the characteristics of the images, we tried to develop models for predicting the
mechanical properties of potatoes. At first, the backscattering images were taken from 594 potatoes.
Backscattering profiles were obtained for each sample. Then, cylindrical samples were extracted from
potatoes and subjected to uniaxial compression test. By fitting the first order Gaussian model to the
obtained data from the final image and calculating the frequency of repetition of different intensities in
the images, the parameters related to the absorption and scattering of reflected light from the tissue of
the tubers were obtained at three wavelengths of 650 nm, 780 nm and 980 nm and in six months of the
cold storage. The behavior comparison of the mechanical test results and the changes in the Gaussian
model fitting estimated parameters and the intensity frequencies during storage showed the effect of
mechanical structure changes on the optical properties of the samples. Finally, five models with
satisfactory results were obtained to predict the tangent modulus of elasticity (R=0.827, 0.815), secant
modulus of elasticity (R=0.808), toughness (R=0.874) and maximum fracture force (R=0.811) with
the fuzzy-neural inference system. The results in this study could mainly useful for understanding the
effect of tissue changes during storage on light scattering and absorption. It can be useful to design
high-performance sensors and quality determination systems for non-destructive mechanical
properties evaluation of potato tubers.

Keywords: Backscattering imaging, Non-destructive tests, Gaussian model, Mechanical properties.
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