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4. Cannabidiol

5. Total soluble solids (TSS)
6. Titrable acidity (TA)

7. Ripening index

8. Machine vision system
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1. Solanaceae
2. Climacteric
3. Liliaceae
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9. On-line inspection
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10. Median filter

11. Gaussian kernel filter

12. Otsu thresholding method
13. Binary image

14. Otsu's method

15. Chroma

16. Hue angle

17. Contrast

18. Correlation

19. Homogeneity

Jor EIPC W PR PSR S

L Ods Slo Sl Gy (0SS e S oslas 5kt
spa= 5 b N LS ssda il L Bl LS
Colg 2 s oS AT Jslas PH @ 00, B 0 [
LYol s aule V alaly o b 51 55 LB an b Ol e
TA% = VNaoh x NNaoh x M/ Vj Voakal,
Dobee 5 & Vi s M Niwort Viaorr TA oy ) 55
2 SErar s e Aoy e p 5 BB A
Aol SG e OV (S o g adle 1) o
Al o Al s e (B rae olas e 5 (4/000NE)
Gl e (5 S e5lkl —¥YY

by L bz 53 S o Sper S CSL i
Con S a peme (O i STM-5) miedly oS
Vol 3 358 e s ke 0 k3L S s
A SIS e 5 S e sy e s
R P R S K e S e

b S Gbaanar wlr L3l ke
e Sl skl asns S Olgea ;J..:w) ool
ISy parla ] 258 sl (S al> o
s S e Yol 5 b

RPI = In(100 x |F| x ==
TAS TA.]G_!])

Wl ghe sdasplis o5 5 4 ISS 5 TA Fabay o) 5o
Sl JS Jsbome dalom 3l5e 5 5 BB 4

gl ol gl —£-Y

3 S asm ol ppea dble VY
Al C‘Ja.a'mo‘

SSorr b sy onl 3 eslinal 3) e opdle ol Wbl
Sk sl 5 [T iy iass 3 old sl wlol
JSK8) s 8 sl sz 3 5 et a0, S s
dais S5l edd Hlb il b skl O
ol LA (G508 R & s Ak (S5 0 525
SMD 5 LED (clacs¥ ot 5305 555 i 45

Ol 5 5 sl edd 5 2 B L S e 5 il



VEee e A 5y55 M esle Olnl 2le mbeo 5 ple b

Median filter Image acquisition
Gaussian kernel filter . 2
Image pre-processing
Otsu thresholding method
5 L 2 PCA
Binary image Feature extraction ANN
Extraction of RGB channels ANFIS
‘ Grading ‘
RGB to CIELab conversion ¥
Grading evaluation ‘ Confusion
matrix
Fig 1 Proposed image processing algorithm.
Table 1 Color statistical and color texture features extracted from images.
Features type Features name Equation
N
1
Color mean = TZ P;
Tim
1 X :
Standard deviation (o) = G LZ“J‘ — )3
: I=1
N F
Skewness M
Color statistical features N Rﬂ
Mean R —
N
Mean G E
N
Mean B i
Hue angle h* = arctan (E’ ‘fﬂ .)
Chroma ¢ =(a"*+ b_,}lfz
N
Contrast Z i — PP
fJ=1
N
(f=w)f—u
Correlation Z Py; %
Color texture features =t ~
Energy Z P:J_z
Ipjmi
N
H it il
omogenei
genelly 1+ —Jl

Lj=

Refrence: [28, 27]
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21. Artificial neural network (ANN)
22. Adaptive neuro-fuzzy inference system (ANFIS) 20. Principal component analysis (PCA)
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27. Gaussian
28. Trapezoidal
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23. Variable contribution

24. Eigen values

25. Factor loading

26. Back propagation neural network (BPNN)
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29. Tukey's test
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30. Turgor pressure

Voo

Cow 9 @u -y

losd 5 (S Dl e )Y
IS (K pax £

3 A5 B b (S Jslowe ol slge Olpee Sl ks i)
3L edd Shiis S la S 8 il i
glasls e, 5l cilise lado s ol Ao ys VO | 5as )
O s o eSS s o5 4 eSS 0)ss o
Lol 300 Ol skl sty gl ol el 0 03l
IS s o S e g S S Jsloe
IS Jslme el slse 2058l (A8 IKE) ol il 8l
@ oS 5 el s 5 eed ol G151 s 4 Bies
DY] a5 G 53 e el glaud
S Ol ssde et Ll 21 K2 s oS boles
B s NS G (K S Gl 5 sk wils
YE 5555 dsl 5o 03 2l 4 dess Vo Lsa T I3 L e
Sy oSG am sy VY 5 0/0k /N ol S 5w
Loy b ) V=0 o3 gdme 5> wldals 25, Olpe Aul3l L
S Ao p 3L S S Jsloe el slge Ol o215
Glald (e, Loy 0 5 Y ija.m O Sl sme Dt
OF 5 (S el s @ s (>2/00) W3, sdalie
J5 St ide 4 alals 85, 0353 L S il
S S Sy Ly U5 o sl b [sa
0L 5 Ul hsss il Gsns w0 ) DS
3 e 5 OsS hds  Os) 8y 005581 L (Y01 0)
235 p5n S JSO6 s 0o L (YeT ) OLSs
eSSl S Ol el 5 e
Al s elie S (1] pad 5[]

DB S S (K S 8 JB anl Sl i
3 Gl gl s ol doys VO Lsas Il U5 L e
oals Ol =T S 53 (IS e o ldals i
A B Al 358 e abaMe 4 sbokes Lol ol
Olgee Lol 3l 2alS (o lueSS o)s3 Jsb 53 Lajles sl
J5 L edd s iy sl 53 25 LG audel ials
Laed 4 Coms wllals Es, (gol Aoy VO I sas )
osba ol 4 Ao VO el OS5 L eds ls iy
3 ki Ll ol el (P</00) 35 S (5l s
S Sl (SKjher 8 8 BB el Ol o 1 IS



\f,"J,g.d NA 092 AR a)Lm...f:

e 55 5 ol @ Aoy VO sl 5 L sl s i s
xS Gl YE 5o UV Sa, 5l sV L i Su, Jels
Aoy VO s 0T J5 L et s idy WS s S5
3 Sl sdalice J{G Lloals S5 dos ¥ Sl
Sy Kgy Bl55 g Lsassll 5 4 slaals e, 035330
3L G | Jasee slos 3 oSS sla SO pe S

mA veragel 75% ®A.veragel+1% HSO WA, vera gel+3% HSO WA, vera gel+35% HSO

09
0.85
0.8

Titrable acidity (%)
o 5 e 9
a2 2 5 o

S
©

S
e &

Storage time (Days)

®A.veragel 75% WA. vera gel + 3%HSO
5.5

538

SN

49 - b

g
*

43
41
3.9 *
37 |

35

gt
8 | &
s -
/ I
I
. I I s
0 4 8 12 16 20 24

0 4 8 12 16 20
Storage time (Days)

24

75 B el (S slome ol 3lge Ole Dl i 08 8
31 S s S sboles S s 0L ke
S S S S (S ol ssd e sdalis
53 b falS e glos 53 (o IS5 Ol Il L
b i oy Jold al> e 93 (S o ls Sl sl sed
S G S S sl YE 55, BY 5 50 5Y

7

A. vera gel 75% ®A. vera gel + 1% HSO ®A. vera gel + 3% HSO WA, vera gel + 5% HSO

Total soluble solids (*Brix)

0 4 8 12 16 20 il
Storage time (Days)

A.veragel 75%  WA.veragel+ 1%HSO  WA.veragel+3%HSO WA, vera gel + S%HSO

: I [ f
: | [ B
; | L B

Storage time (Days)

Firmness (N)

Fig 6 Physicochemical properties of coated cherry tomatoes with 4. vera and 4. vera containing 3% hemp seed
oil during storage (A) Total soluble solids, (B) Titrable acidity, (C) Firmness and (D) Ripening index.
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Fig 8 Changes of color texture features of coated
cherry tomatoes with A. vera and A. vera
containing 3% hemp seed oil during storage (A)
Contrast, (B) Correlation, (C) Energy and (D)

Homogeneity.
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Fig 7 Changes of color statistical features of coated
cherry tomatoes with A. vera and A. vera
containing 3% hemp seed oil during storage (A)
Mean R, (B) Mean G, (C) Mean B and (D) Hue

angle.
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Table 2 Pearson correlation matrix for color statistical and color texture features of coated cherry
tomatoes using different treatments during storage.

Color mean Hue angle Chroma  Contrast Correlation Energy Homogeneity

Color mean 1

Hue angle -0.973" 1

Chroma -0.9917 0.965" 1

Contrast -0.874" 0.815" 0.8317 1

Correlation -0.7517 0.738" 0.794" 0.932" 1

Energy 0.764" -0.709" -0.763" -0.901” 0.952" 1
Homogeneity 0.732" -0.743" -0.8417 -0.884" -0.9277  -0.935" 1

“and " represent significant differences at 95% and 99% of confidence level, respectively.
" represents no statistically significant.
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Table 3 PCA results of color statistical and color texture features.

Factor loading

Variable contribution

PC2 PC1 PC2 PC1 Variable
0.135 -0.921 6.030 17.435 Color mean
0.221 0.864 4.450 19.947 Hue angle
-0.167 0.902 7.622 14.513 Chroma
0.105 -0.974 5.324 18.341 Contrast
0.241 -0.853 6.302 17.891 Correlation
0.897 0.137 29.110 6.323 Energy
-0.943 0.102 41.162 5.550 Homogeneity

Variance (%) Variance (%) Eigen value Eigen value
14.21 83.11 1.624 9.321 PCA data
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Fig 9 Grading accuracy for coated cherry tomatoes
with 4. vera and A. vera containing 3% hemp seed
oil based on PCA using color statistical features,
color texture features and their combination.
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Table 4 Some of the best topologies of ANN for predicting quality grade of cherry tomatoes.

g3l 8765

Training Testing
Features Topology R RMSE R RMSE
1-3-8-8 0.9351 0.652 0.9743 0.194
Color texture 1-4-6-8 0.9287 0.724 0.9691 0.198
1-4-8 0.9231 0.741 0.9620 0.201
1-2-3-9-4 0.9211 0.734 0.9652 0.209
Color statistical 1-2-7-4 0.9163 0.754 0.9579 0.217
1-2-4-4 0.9025 0.803 0.9399 0.226
Color and 1-2-7-12 0.9431 0.602 0.9895 0.183
Texture 1-1-8-12 0.9465 0.610 0.9838 0.188
1-5-12 0.9287 0.724 0.9621 0.199
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Fig 10 Grading accuracy for coated cherry
tomatoes with A. vera and A. vera containing 3%
hemp seed oil based on ANN using color statistical
features, color texture features and their
combination.
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Table 5 Precision of ANFIS grading with different membership function for various treatment.

. Training Testing
Membership P
Treatment function Sensitivity R? RMSE R? RMSE
4 vera wel Gaussian 0.932 0.9542 0.243 0.9893 0.104
) £ Trapezoidal 0.941 0.9711 0.163 0.9921 0.087
A. vera containing  Gaussian 0.939 0.9632 0.109 0.9901 0.093
3% hemp seed oil  Trapezoidal 0.952 0.9743 0.172 0.9945 0.076
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Table 6 Confusion matrix for grading and result validation.
Treatment Grade Intact Grade 2 Unusable
Intact 33 0 0
A. vera gel Grade 2 1 24 0
Unusable 0 0 12
Accuracy 97.06 100 100
Mean of grading accuracy 99.02
A. vera containin Intact 44 0 i
3% hemp seed oi% Grade 2 ! 2 i
Unusable 0 0 -
Accuracy 97.8 100 -
Mean of grading accuracy 98.9
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ABSTRACT

ARTICIE INFO

In the present study, in the first step, the effect of Aloe vera gel (75% v/v) coating
containing different concentrations of hemp seed oil (1-5% vA) on some
physicochemical properties of cherry tomatoes during storage at room temperature
was investigated. The results revealed the ability of hemp seed oil to improve the
physicochemical properties of cherry tomatoes during storage, although no
significant difference was observed between 3 and 5% levels of hemp seed oil (p>
0.05). Slope change in the ripening index trend occurred for 4. vera gel (75% v/v)
coated sample on day 12 and for 4. vera gel containing 3% hemp seed oil coated
sample on day 16. Using an image processing system, the changes of the coated
samples were evaluated based on the color statistical and color texture features
extracted from the images and were graded through different procedures. The results
showed that the principal component analysis (PCA) and artificial neural network
(ANN) methods were able to divide the cherry tomatoes into intact and blemished
grades which the ANN method was graded samples using color texture features with
higher accuracy (97.41%). The adaptive neuro-fuzzy inference system (ANFIS)
method had higher diagnostic power than the other two methods and was able to
grade the samples into three grades including intact, grade 2 and unusable with
accuracy of 98.96%.
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