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2. Artificial vision system
3. Image processing
4. Food and Agriculture Organization
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1. Ripening index (RPI)
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5. Total soluble solids(TSS)
6. Titrable acidity (TA)
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7. Segmentation

8. Gray scale image

9. Medianfilter

10. Otsu thresholding method
11. Binary images
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Fig 1 Scheme of Artificial vision system (AVS)

set-up.
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16. Gray level co-occurrence matrix (GLCM)
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Fig 2 Otsu thresholding method(a)RGBimage, (b) Gray scale image and (c)Binary image.

tareas o el =4-5-2
e ol S (K S gk sk
2ged DRIl ) Slassas 5l s germs Ol o (S
Sy s S bl Bl K sla Sy oskie onl
o e W gn S Sl L 4 ol o 5laslone
S S Ky Sl Wl Bl gbslas sbe
31 OF S Sk b (s 5 BLol eSS o (oS
3 Glae gazes (u-iI I e ‘}‘)5) RGB Lx. 2 K,
A Gl 5 et Gl Gl ke Sl sast
Sl (1) K5 bwge Sy avarar an [19] 5550
9 (e yoma 5 ok glndd JUS 5o Y S 5 (0) Sl
[20] JJUA Cewddy u‘<’5 ‘apa>

1N
H= WZ Pi3 <

i=1
0.5

N
N —1i§1(Pi_:u)2 4 e

N 3
Z(Pi—ﬂ)
Skewness =+t —

No
osba ol WSy s s S, JUS s was il Piss

O =

—— 5.,

ﬁ@wjbﬁuﬂc\ﬁm\ﬁ}@.ﬁj\Buede
e 5 bl sy 50 0 S L lalead lde 0 gl

[20] 338 o deslis O Lo g0

12. Skewness


http://dx.doi.org/10.52547/fsct.17.105.135
https://fsct.modares.ac.ir/article-7-41047-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-26 ]

[ DOI: 10.52547/fsct.17.105.135 ]

A3 oS (e S Sy Jn IS SolSen 5 S e
O3l sl ol sbar 40,3 20 55 5 bl 6l Shwaib -5-5-2

23S S S as e 40wl Bl o eslizad Sl
do 15 bl 5ael glp pslas doys 65 LT acs
O)AJL;\J{ L;%;L,a.?))bou. Aoy 20}9};5’-‘:‘”)%:" slr

2l olans Sl

bl Joou 5 4 s =6-2
SPSS gl p5 5 el b s Mo 5 s
54 il ool Sl b B s (IS0 24 4
5I(P< 0.05) Lol o cldstl (glsline Sojp o
Sblas ol 038 Lamie gl oS i el
Bt l5le 5 SKaS L Ll gas ey oS eslizad Lajles
SPSS il 5 a8 L a1y aplos 5 2016w
o3 Pl Laosesl ol bl (IS 61 24 )

L el IS

Souw .J@w—B

JS Jone dolo 3l g0 O is wy p -1-3
SSipir S e s i B il

=S
JS Jsle delr slse Ol () 3 S8 4 s L
SR s slos > LUl (b eSS sl S per S
Sbg Gak IS Kper S gly S gosbe i
w24 555 55 5 ds) 3y 5 JS Jske el e Ol
st oSy wmps TR0/, 5/5£0/10 Jstes 3 5
Sl JS Jslome el slsn Olis o8 ol Jl s el ol
53 LT U5 L edd Sty oSS sl K e S
6/£06/12, 5/5£0/10 Jstes i« 24 555 5 sl 55
Ol s T 05 5 eslizad b 5 le 4030 oS 40
4 S 1053 9109 Ul 4 Ol pr e SL
JS Jen sl slge Ol SIS ) G Ok sl

g aline Oligss @L:JL.A:J.AT Cdds Cil:;:fu &S sl

20. Errorbar

140

J5 L et s hdy DS sla S8 e S huaid sl
3 S Sl past 5l e sles 53 SIAES b 54
s opl wdd eslized RGB , pss 3l el sy 5l
5 T(PCA) Jol sloadlse J=5 s s Sy s
5,5 oslizad P(BPNN) jLizl oy s K05 o
) s g5 s p Sl BBl B, s sl e
wps Al e Sy e b baaras o (2 L
o b S pasts s SO ol glaailge Jo
Sbols dn Jals 5 gauaib (s sa e gl &S
b 80,0l Sl ol s Ol 5 355 o sslizal g3as
bl ol glaadlsn Ll 5 a0 35la o ol 3 LT )
S 35 asie bl el j\.}) S e 5l eslanal
Ll sdd Jbgiiy S b S perS Use U
b e e b 003l S Ol (S e il S
Sl e e 402 [22] 5 sad suail (S 4o
U e e St 5 ok S 3, S
Lol apd e eslined S 35l gl Lulal &S o
(sl esls oL sl bld o sas pas aSd sl
3l e OF gmaslizel 5 0ga51 5 e 35 el aSid sl
Sl ghuaih (¢ S sl CbB 03 28 aslizul ( Sla
s Wl s 5 3005 G o i el S slaesls
sl (8 genn ene S5 & ol sl BV 5l
23035 b o alons Sl L2l ey ae 452 [3]
ol ks b 3l s s See iloang 3 5 OF &
[23] ey SKas Jolam w1y Uast Ol b sls 1) Wy
et Sl aar S8 L s ae S
el (S +1 Mathworks) R2019a iz ,ijle 5

Wy
s Wiz bl dnl s e L3l ke

BV PR 15 caslal U’:’-)}'J L;‘).: ﬁ}u Loy 65 u_‘BJLA-?

17. Principal component analysis (PCA)
18. Backpropagation neural network (BPNN)
19. Feed-forward artificial neural network
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21. Climactericfruits
22.Turgor pressure
23. Maturity stage
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Fig 3 Changes in physicochemical properties of cherry tomatoes without and with Aloe vera gel coating during
storage at ambient temperature (a) total soluble solids, (b) titrable acidity and (c) firmness.
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Fig 4 Ripening index (RPI) changes of cherry tomatoes without and with Aloe veragel coating during storage at
ambienttemperature.
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Table 1 Confusion matrix for classification and validationof results using PCA.

MSE R MS2 MS1 RPI PCA
00623 09031 ® e Without Coating
76.19 71.14 Accuracy (%) Color statistical
00715 09101 ) Y e With Coating features
68.75 76 Accuracy (%)
0.0431 0.9235 4 16 MS1 Without Coating
17 5 MS2
80.95 76.19 Accuracy (%) Color texture
0.0401 0.9365 4 20 MS1 With Coating features
13 5 MS2
76.47 80 Accuracy (%)
0.0342 0.9521 4 18 MS1 Without Coating
17 3 MS2
80.95 85.71 Accuracy (%) Color statistical and
0.0314 0.9498 3 22 MS1 With Coating texture features
14 3 MS2
88.23 88 Accuracy (%)
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Table 2 Confusion matrix for classification and validation of results using BPNN.

MSE R? MS2 MS1 RPI BPNN
1 10 MS1 - .
0.0210 0.9416 9 9 MS2 Without Coating
90 83.33 Accuracy (%) Color statistical
0.0234  0.9501 ! 2 oes With Coating features
87.50 92.30 Accuracy (%)
0.0198 0.9521 1 11 MS1 Without Coating
9 1 MS2
90 91.66 Accuracy (%) Color texture
0.0231 0.9545 0 13 MS1 With Coating features
7 1 MS2
100 92.85 Accuracy (%)
0.0175 0.9768 0 11 MS1 Without Coating
10 0 MS2 .
100 100 Accuracy (%) Coalr? (; ig‘(ttljtrgcal
0.0162 0.9882 0 13 MS1 With Coating features
7 1 MS2
100 92.85 Accuracy (%)
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It is important to control the ripening stages of agricultural products during storage and their quality
grading based on their ripening stage. Edible coatings can prolong the storage life of agricultural
products and protect them through the handling, storage, processing and marketing. The purpose of
the current study was to develop an artificial vision system for quality control and segregation of
cherry tomatoes in two different conditions including with and without Aloe vera gel coating. For this
purpose, physicochemical properties including titrable acidity, total soluble solids and firmness of
cherry tomatoes were measured in both conditions. Based on these properties, the ripening index
(RPI) was determined and the samples were classified to MS1 and MS2 according to the ripening
stage. Subsequently, the samples were classified using color features,color texture features separately
and their combination through principal component analysis (PCA) and back propagation neural
network (BPNN). Classification results showed that the use of color and color texture features
combination made the classification more accurate; PCA and BPNN methods were able to segregate
the samples with high accuracy (85.72 and 98.21, respectively) using the 21 color and color texture
features. The higher accuracy of the BPNN method is due to its nonlinear performance. The results of
this study indicate that Aloevera gel is promising in delaying the ripening process of cherry tomatoes
and artificial vision system can be used as a non-destructive method for evaluation of cherry tomato
ripening level based on the color and color texture features.

Keywords:Cherry tomato, Degree of maturity, Image processing, Multivariate analysis,
Backpropagation artificial neural network.
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