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Fig (1) Schematic diagram of sound excitation of pomegranate

A oo bl 40 Jawgd JUl Sge SO o dilels ol o
09 & S Fye JUSw g ghaw 4 4155 Jlecl L
—o)".\_i‘ oli'f_.wé) o.)._s).:f ASJ Ja.wy O g JLw)‘ )L:‘ 040
JEEs s (e el HTI57 Joos oo (5,5
S0 CM alold )0 005,85 ol ol 5, Soslail >9,5
Sgo i )‘)_: ‘_g)_..,fo)"..\_i‘ ‘51)_31— Lep) Jl_o.c‘ Joee
Ve HZ o390 ;5 ilS,3 L VF-dB b YodB 5l '(SPL)
slol el wsbelw [YV] el osis 1L Y- kKHZ b
Sl ) alize Ly coms calize glacas b as o
Dgo Llo 1y J0g5 & s w0 o Gad Ol s il addllas
Sl Jome 5 (Seidly gy (nl )d O rs e

A b &y S 4250 YA 990 Gan gLl 10 las caisS
=4S ollas gals jelaieay [YY] 0 as 5 i o
=031l plowl ‘\.\i—\@ S92 94 £l sroges S0 Dl sy
IS aw g ogae 6550 B)b 93 )0 (Sse sl xS
2ol sl Sy daco s jlam [YY] cépdy )50
Gt 50 i8S 8 (o 8590 S8 5 e 059>
Lol MatLab 2016 5810 5 5o lo sLa Ul alas

S g0 Jod S8 @y JUSow 3l g Bis VLY

0P8 9 Sge i 5l gl Bim (6l (imghy cnl 5o
ol o o oolaiwl [YF] (solprian 3, 10 s a8 aslin]

B A L s 4,0 5l ol elas U1 ell

g g olge )
(b igns dugs ).Y

ool olBiils SLeb 09,5 ;0 AYAP Jlo o Lialejl
o 3, Sdpdy plnil e ual) (bl s
By 5D 550mg ube Ul g cnl o eolital 9)5e
1 sae 18- ol el (Gliwjes SLecl ailate g,
B¢ 5 odpwy dae B0 (o b oae B0) o) 5cwg o o8,
Ol )3 (6,5 €L SG il ole g hilsl (ot oy
Ol oy o5 oo 331 5 S 25 5l w9 cullsy Sosly
B anasl) o lagyge;l cou tanl walys Ldlee
5 (TSS) S Jslome walz slge s5iome gl L8
(Slogd S5y 0atiSolml sle 5 (AC) S (yalemsgsl H
(59,0 CokeS i jslaieds ((TP) JS° b 5 & paaling
s )3

o esd 9 451 ailolus Y. Y
L glaind adiioe SO dao d g 431 jslate o

s el (1) U llae b ai5lo le glo o0
Pl «aS 53 Ul oges il (sl (oo 4y gme oo
sgbed « Sy i1 e 5 JUSow oS el )8 (5 0o
CSlw jelatedn oginy (il 50 D9 Ul oS s
FIpm g VE DC (oS5 )55 5l 00 b p il Se
a0) 0,5 nSial Gl Yoo 6505 50053l el lag,
Cogee & (Jlosl (s955 S5 5 j2p8 gl s olaie
IS s el lag cobe (Ss I VE
Uil &S s ATXMEGA32A4U ,_J iS5y Sen 4Ly
5,005 TY 5 Sae el (615 el 5 s osliiusl (Atmel)
Pl @ by 4 USB Jos )b 5l JuS 00 5 o9
b e

1. AUTONICS



\\“\‘i)l.gd Ay o)Lo..i‘; Y ooy90 ‘LS-’-';\'é BTy 6Lm6)5Lé aolilasd

&SRy Al Y.F

95 50 5 =8 Gl LS (53, budod gy ool 5o
(S e ghpeasl 5l Bas ol sl Wl )8 g o) 03e>
Stz 8l JUKw 50 s e Slogas bl
998 Sg Al gy ol el (Fam; Sb))
055> ;5 ol sla Ty wd solaal (S8 5 loj 059>
03,51 (V) Jgaz yo lao JUSws I OA L Y alail)) ()l
JRESE SEPUTC R R B RVHRNRERRN | ¢4 IRV
[YV] wias gl UK 5l s 09,51 § o

O\‘a .

A4

Jos « Szge had SlSiz calyd 65, 2 e 5 Al
S sS al s oS e (aay s el (s I35 ail]
albwl (9l3 b 58 55,50 calps g odd o wibiu]
eSS oo bod Jlasl jadaie ay 0 S o psd (5,105
Bt 50 .0, S oolaiwl e oo Al jole oS> g0
sla JLSK—w L Symlets jole Sog0 (o035 Judods pol>
oolaiwl g Bix jelate 4 F Coyo b S ol 5l das
il a0 g Bis 1,9 51 (g5lwesls [YO] ws

Cdpdy Oyee Matlab 2016 l38le 5 )0 (So>ge

o Jiaes 5| agl o ) sl (gl Ss Lls, (V) Joguior
Table (1) The relations of the primary extracted features of the sound signal

bS5 buls)
Feature Relationships
_ Zh=1x(n) . 18 ]
Tl_IT ) T7 _TI V) 7-;3=NZ(X,'_T])5 O
T, = max|x(n)| ) I 1
2 )| To=7® T,=L3 -1y 0%
N
N
_[EE xm)-1y)? To==7® O )
Ty = |22 M) Pk T, :10*log|0[2x, )(\a)
i=1
_ 2 @)l N ¥
T, = (=202 T = M%) T == xlog, (x,) 0
i=l
Ul 5 = oy (x(m)-T)*
T. = n=1(x(n))? ® 2. =TY Ty =" pm OV
. N L,=2——V
-
T, ! Tia = YN_. (x(n))% (A
T(’ =22 ) Z(x,_rl)-‘ 18 En—l( ( )) QL)
| 7'|2 — i=0 (\T)

4

g

5 oedle S0l ;o 0l 1 s LS il ange o
25l an Ol oo et sl S 4 ol S o lules
Sy sbad sl aki (paiz 0 s ralens 4 Glojee
Iy gomaid o 8o aSlas b oS 5 o Saige g ol
ol da g slad jo il (g, (nl 50 0,51 Cavods

4. Fourier Transform

ol 1o JUims ool X ()

‘sf).:g ul.z.u| Y.0

A 5 "GA) S pi oSl S 5l gl cnl 5
ho glo 55 bl jsliiea; TOT) (g S i 250
w55 aloz 51 GA o ool Sledlbl cuiailog

1. Universal Threshold
2. Genetic Algorithm
3. Decision tree classifier



OhlSen 5 (i jledgw

Yo Ul ogee 4 4y Jlesl 5l Juols slos 5L
%

Pl S oS des e LS 1) (e oS p 2 L
Homby gleo, S o ol 5l glasls ( S5y of (lade b)
Szt po sl 5l anail (Siel (sl 0 )ls 252
Jone 51 iy s S oyl o ooliil by 4y YU Y ailay >
iy g el 95T gy e o5 " Dl o
adal) 5l lene ol 025 (o0 S Gl 4 YL I LS
LYA] cosl amolne JB (Y+)

(V+) alal,

|5y

Gain(S,A) = H(S) — 57 )

veValues(A)
&l— S leasges Sledlbl s, g Gain(S,A) o1 ,o s
YA o9 oo i a3 135 & jg0 4 BT goimasws ool 4

. (Y1) abal,
H(S) = — Zpi log, p;

=1
o ol g Ghje—el Hedaieas ragi o ol o
IDRAR g (s0< EERAR 3 e A (6 S pe—al
O oolaw! esls (sae

bl ogao (a5 9 (05 SS9 (raasd V.V
Y oygemel i BB S 4ty ol Y.V

3l ogasl el s B U5 aapl (65503l ol
Syae g Jloy o) o oS g y008 b gl S )
ogmes! SO ML (oo, ol jo il oolanwl pallis Jgu8
O09a3aLol I gy g 0 A3y piy (49,9 kel O ML
L (gl (0o S0) (Il o8 By o3 Y
PLb (i S5, B b alnil Jlo g /) maoes S yupn
g adools I3 (YY) alal, jo Byae o5 l3me 090
s wo 3 elsl 2 Ggaml s BB S el Gl
[va] o
A=(S N F/C) x 100 (YY)

dgw g5 =F «(0us,0) 0gun o las ;5 awl Jlude =A

7. Greedy
8. Information Gain
9. Total Titratable Acidity

Pt eyl e lyiea (S slodcsare ) |
gl GlaShg JS Sl pln Conex Job 09l
9o ay g Sl (S Vo Ll 50) lao JUSws 5l oas
So Jleel b s 09800 w2395 2))5 (V5 ) 6L
Cmozr (SL5 50 (Sl &b @ H5eie) byl &b
GAS gl cadgl oals Gl acgons ) &bly ;o b adsl
) oo oy a3 iy jlore i Biiin dcgazmo ) ST 0l
OIS A (Shy degemen) plsie 4 S 5l 5
ot Sloc 90l oolaiwl Ly oygo cpl jf 10 000 0
olon L waz ol T ez 5 "l Sles plie; oS
S5 B Lojlgs g oad QL waxr Sy acgezer
4 ey B dolie cnl 0sdise 6105 55 (bl &b
oddoslaiwl (Sasilpy al .cdl ales aslol ol Sle>
L gunaads 5l Lol> LjJWS o lade (golpiins by, 40
eyl 4 sl inle)] slodisns 55, DT ot 55
Smalbio 0t Ol Ay (g dsgemen sl
)5 Sy asgerme 3 Fi ST %00 Ojleay 009l i

RVARRE
iy (V) alal, Oygo o] L b Saslp &b
ST

O Valal,

FF(F)=OA; or  FF(F)=1-0A
Sl deols (S @85 0A 5 Sl s FR ol o as

ools guvaid V.7

ol 50 I DT w63 cons o las pdile (6,080 5o

Lodsges DT .aiS o oolaiwl ol (5 par ioles sl

Com 4_3&@.)0)5}‘45&5‘506@@069764{‘)
7 e e .

Olad a5 7S 1 slwo, 5 an gl jo g 00,5 ol b

10,8 o) e i diges sz p b bpoas

1. Population

2. Fitenss Function
3. Cross-over

4. Mutation

5. Root Node

6. Leaf Node



\“‘\ﬁ)l.gd Ay o)Lo..i} Y ooy90 ‘LS-’-‘;\'é BTy L5L°A5)5L'“é aolilasd

O\‘a\’

(TP) TS b s 5o 3ll Y.V

ool ol [YY] (29, 5l gl 5" 15 (5031l g
VO ML L oo 53, ogmal s So Vo v laie ol o
cOmin 5l e s el oad 3.8, 8 B8 e Jolxe
o adlal Jgloo a5 4 VIO yows Slo,S VY- + UL laie
3 Jsdore A MiN CilodSs b .csS 0,5 Jolxe K,
ASged Wb plsl VE e M oo Job b (g uSojlail ¢ SO )6
O3 e DL yS gyl J5id B pme (o5l wals
D¢ 0 lac

Comy g s ¥

Blolw o wgi coid sl JUKw 5l Glaiges ¥ A S
sl LS aSipla axgi b as oo ioles |y aidbasngs
oozl il sla She W s pg gl cadlas
5o g Ul 5,0 CtS 5 (S, Oledbl o>
oy 2 Szrse o SeS 4 g Sl Jes il s
b S o i ol SilSe K25 5| ol (slo JlK
Sled ams co plad 1) oad s JLKew ol 5l slasgas ¥
5 ol JiKm S5 L) Y€ St j0a S 9 b
0391 e shyls ol JuKow cenl ouls aseie (o yild
o=l s Jlael 5l Gy a8 el glaslais & jao s g
Slo JUSow ounl canoay JUSKiw 5 wind Bis baailais

SRYVISPVIRTIT- I

3. Total Phenolics

N

o5 =N (ML) (3 ,me S5 it =5 (Lo 5 ot )
(mL) 090 o)l..a.c )‘AM =C £S g

PH 9 (TSS) J5' Jakxo vol> dlgo ¢yl 3o V. V.Y
ol 3l gl Jsdomo walz Slge (lee rentd S
(ol )35 L -MABB2 Juo) Jits | agiS1 3,
i PH Lawgi 3 090 0 )liac PH posd 0l colaiul

b plosl (ol el o o LB P-755 )

Sy oSl 8lge 9 (AC) ' S cilowess Y. V.Y
oguosl 3O (gloged
Sy eaiSobml Slss 5 (uilisl Sl sl
ogues] ) ML o osliiwl [V ] (oolgrian g, 5l sloged
VML e a B, aie b Ly o83 (550 4y
5 o a3lsl ogas] 4y (4100 MOIL) 05 IS sl
A g 5,I0aS Y e Min oed  aBisle;] sles yo Jgle
Sleclawl LAY MM z50 Jsb 10 Gas Glie ool 5

UV' s‘ ol< IR

2100 Ju—s yegidy 25
Ages 0,lugo g i3 (IS5 0] e-Lw) Spectrophotometer
Ol 5 e g 9t oadls S (gladat BB L s8I A

STV MM g Jsbs 1o I8 cal o Jid alomyo (5,250

& ol g (g S0 jladl Y.V F
[¥¥] 5 [¥1] Lss o5 (sl m ialing 55031l
ol bgle EDTA-TCA A ML L aiges O gr .ol (poss
min Soe 4y Jools Jolore s adlsl o s 8, G o g
ML .c3,8 1 3Ye e rpm e b 5o ke <l 4y 0
ML s 3 gl 20 qumslis o Ve ML L ogeoc] V-

D)5 S Jolome K5y g 0l (gul 5

1. Refractometer
2. Anthocyanin Content



Ul ogas a5 o Jlee! 51 ol (slows 5JUT

OhlSen 5 (i jledgw

Yoy
\Z

g, Jh{ i
£ t la‘( oy 120 0 o
=
o

02

03

04 Time (ms)

(a)
x %
< ™)

Time (ms)

[ ——

— Mo et —

Amplitude

Time (ms)

(b)

Amplitude

Time (ms)

— Man ugndd  — Flered sgnad

(©

o s S 5 oo ol JUSs <Suo55 slod (€ 5Sgn Ly SaS a3 g3 B (B t095 51,1 lao JLSew @ () S

Fig (2) a) Noisy-signal; b) Noise reduction using wavelet transform; c) Close view of the main signal of the sound and the filtered signal
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Table (2) sliced of interaction effect between the direction of the microphone in the group and the angle
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Table (3) Correlation analysis between destructive (chemical) and non-destructive parameters (extracted from sound)

X J
1 T,
1 -0.340* T,
1 0343 1% T,
1 -0.992**  0.269**  0.993* T,
1 0993*  _1* 0340  1* T,
1 -0.601** -0.539** 0.604**  0.956* -0.601** Te
1 1** 0601 -0.539* 0.604"  0.956* -0.601°° T
1 0.633**  0.633** -0.988** -0.975" 0.990**  0.383* -0.988" Ts
1 -0.914*  _0.470* -0.470* 0.889**  0.914* -0.893*" -0.229"* 0.889* T,
1 0.872** _0.701*° -0076™ _0076™ 0676 0.731* _0.680** 0.156"° 0.676" .
1 -0.013"  0.061"° -0.080"° -0.063"° -0.063"° 0.083"° 0.072"° -0.082"° -0.043"° 0.083"° pH
1 -0.043"  0.200° 0.166™° -0.162"° -0.126" -0.126" 0.149™° 0.152™° -0.150"° -0.095"° 0.149"° TsS

1 0.186° -0049" 0165™  0.182° 0.213° -0.169"° -0.169"™  0.183* 0.165™ _0.186° -0.132"°  0.183" & by
1 0.004™  0.192° 0.401* 0026 _0016" 0.026"° 0.035™ 0.035™ -0046" -0.048™ 0.044" 0.023" -0.046"° Jud
1 0.047" 0.357** 0.246° 0042 0.035" 0063" -0.86"° -0.124" 0124" 0.078"° 0.076" -0078"° -0.119" 0.078"° . jlguil

1 0.113™ 0.157"° -0.145" Q.176* -0.085" -0.045"°  -0.072"°  0,089"° 0.127"° 0.127"° -0.058"°  -0.034™ (0,061™ 0.128"°  -0.058" 43 S|
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Table (4) Correlation analysis between destructive (chemical) and non-destructive parameters (extracted from sound)

giiiéﬁﬁffﬁfﬁfﬁﬁﬁ
1 Tu
1 -0.783* T
1 -0.999**  0.792™ Tis
1 -0.879**  0.875™ -0.515™ T
1 0.760** -0.584** 0.577** -0.337* Tis
1 0.699*  0.977* -0.954** 0.954™ -0.618" Tie
1 -0.475* -0.780" -0.519** 0.412* -0.403* 0.300* Tw
1 -0.199* 0.882* 0.667**  0.876* -0.816"* 0.818** -0.481** Tis

1 0967 012 0917 0526 0885 -0.881°" 0.884" 0550 T
1 0094" 0108 005" 0083" 0092" 0098" -0.05" 0055" 0.007"°  pH

1 0043 0076" 0053" -0163" 0149" 0103" 0137"° -0159" 0158" _0201°  TSS

1 0.186° -0049" 0.165" 0172 -0146" 0183  0.173*  0.212° 015" 0.149™ 0121 o i,
1 0.004™  0.192* 0.401** -0.048™  -0.081"° (0,023™ -0.046"°  -0.102"°  -0.041"°  (0,043™ -0.042"°  -0.010" s
1 0.047"*  0.375* 0.246% -0.042 0008" 0007 -0141" 0078" 0.072"° 0.077"° -0.070" 071"  0042" .

0.113" 0157 0.145"° 0.176° -0.085"° -0.060"° -0.037"* 0,009  -0.058"°  0.004™  -0.104"  0.020™ -0.013"  0.040™  .uul
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Table (5) Classification results of decision tree
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Abstract

One of the non-destructive tests developed for determining fruit maturity stage is the analysis of
imapact fruit response. Therefore, in this study, in order to evaluate the quality and maturity stages of
pomegranate fruit, a system for recording acoustic responses was developted. For this purpose, the
acoustic response of 150 pomegranates in three maturity stages (immature, ripe, and over-ripe) was
recorded. To evaluate the destructive properties, the total soluble solids, acidity, ascoric acid,
anthocyanin, total phenol and pH were measured; Also, in order to record and extract the acoustic
features (non-destructive test), positions of microphone (behind, next to and under the fruit), as well
as the hitting angle (5, 10 and 15 degrees) were evaluated as variables. In order to classify the data, a
decision tree classifier combined with the genetic algorithm was utilized. Based on the statistical
analysis, it was determined that the best orientation of the microphone and the hitting angle were the
placement of the microphone next to hitting ball and 15 degrees, respectivily. Based on the results of
the classification, the highest, lowest and overall classification accuricy were 96.7% (in the ripe
group), 73% (in the over-ripe group) and 89.2%, respectively.
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