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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 7 Comparison of the mean of toughness
extracted from the uniaxial compression test during
storage
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Fig 6 Red component of light diffusion from a potato tuber sample at 650 nm in the first month
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Fig 7 Red component of light diffusion from a potato tuber sample at 780 nm in the first month
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Fig 8 Red component of light diffusion from a potato tuber sample at 980 nm in the first month

O a0 Gl ally 55 ‘JQJQ)L,M.! By g odalie
om0 oo il B 00 sh RS1n s 358 6 R
Sl kg CBL Gas )y 38 ¢L<;.a 4 Wsed A 35y
A0y MM #sedsb 5o Gl addodr s gl le
095 LSL@‘U(ﬁ sbo s alS 5l o ST el el
Sk Lk ol Ol el 035 b 1 2 L)
Trdsb 3 e dls bakipes s L5 S
0333 Bl U o 5 o2l psm sle b 455 VAL M
Gor 6 ol s el ol 5 ol a3y dalS
G B RWES S W 115 W L S S| F Rt Sy | Rt sott
Erdsb oo ol OF il gaed b ol oS
L;i_alSLngj)%f,Ad\é)\a)l.:j\o);>).l§)>):3‘\/\~ nm
RO L C}adjla ol el conls b ails
54 S e ol s (ol b s B 4 b

Wleﬂﬁf}%)}b

Yio

v a Gl Sl Chal 5 Cu S el ol ke
V.ALIA Jgai).) eu&i)J QA jV/\' Aoy nim C}AJ}Jﬁ
ol gy 8-4 K3 a4 ar g L ileddesls OLAS 5 anlie
by 100 MM = ped b 51ea) wals oy, Ol &S
= QA nmj\//\' éucydjja DL «())]) L;,a;r_.:wb J..;j)
dsb s 1y 25l K, aelsl @ o U als G
Gl by Sl am a a ol el Sl sl 2
)‘ )}_.» nm AA- B \ZX éucydjja @ wL«} Lgl.am;;s
asb) Olat Gl s dd ST (g iy Coles b daibie
j&wl...b Lgl.am..S J..Slﬁ )bbﬁ:ﬂ' Bl Lh‘u},«u
b-a ISs 5s il Bl ol ke Ll e A3 4 Lol L
4oy s pasdal LS S e b 03 Sl L)
A e GlaelS 555 5 s pme ok D3 S glae
AL Gl IS8 anslis 5y ot oule pl sged el s



e @ILLN dsb 53 e SO ol e A s ol

WL 5 (Kol (sl Al

AB

Intensity

Month

4 s 6

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

Shoeslital bomiome glbbeds SO glaaxls
2 ekdag (o3t ol Sl slipl saal Gl S
sdzalyl V dsde 5y (SOl glaogesl I e Al
gtV I3t olie ity 5>l 4 g b
b osd Sl eslinal cs o aden 5 poler 5 Jsl (ST 00 o5
Sheslial S8 azel dde (sl 5 V0 M - 50 5b
AL ot 0 el ey JUAS VAL ML 2 5ed 5k
O 02 25 AUl G S A MM el b g Ko i
¥) 2l dhe YE gseme Sl el el gladds ol
(S ool A X (I aspeme VX zedsb
bodsl oS5 55 W Jode ugty sladde
Rcv=0.894, Rp=0.815, RMSECV=0.329, )
Rev=0.891, ) L pslex o515 s 5 (RMSEP=0.434
5 (Rp=0.827, RMSECV=0.163, RMSEP=0.209

Ju);wsb 8 JM-\O' nm C)"d}b)‘ oJU_:w‘L:

Solwdde —Y-¥
oS i sdas sl s NSGA-IT ('-:-’,)}-Q‘ S g
© ol Jhe 4 Ok Gl loang T s edesls
Ql)&g@wﬁl}@ﬁ)\}&xwy}JwTw:
SAS ) b (Shs eled sl 58 Sl ke o
dﬁm Co-lews + d}l L DL dm}f CU L;LACA.!U + )}';
o3 WY B Y laad = ol ¢l () o lisl
Se ) a8 ks s s ol Jels @l A e
@g&ycd?%:\Mﬂbgwowﬂcw&gl{.wl
Je St dadl b cmlie o gae w5 adp S
oS adis (Silatgr S 43S s (530
tl;;.'.l Sl s Jlesl 56 sl Jo s, g ANFIS

ot 0 O el il s 5 ssledde aul b

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 0.209 0.891  0.827
650 (nm) ECI1 (Mpa) 9 0.329 0.434 0898  0.815
Finax (KN) 10 0.017 0.019 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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