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Abstract

Melon is one of the characteristic fruits of xinjiang. Recently, the larger
difference exists in internal quality because farmers occupy the market by cultivating
early and using ripening agent. This situation had led a serious decline in commodity
rate and reputation of pear. Therefore, there is a highly required to non-destructively
detect ripeness of melon. For this situation, an acoustic setup constructed with a
hammer and a microphone, respectively operated as exciter and sensor, was
developed. Meanwhile, the stabilities of experimental device were test and
investigated the influence on response parameters to melon under different excitation
conditions. Then, the optimum testing conditions was determined. Frequency
response parameters were extracted to calculate elastic index and damping ratio of
melon. Detection model of melon ripeness based on index calculated by frequency
response parameters and band magnitude parameters was constructed. The results
proved that it could provide theoretical support for non-destructively detecting of
ripeness of melon using acoustic response method. The main contributions of this
research are as follows:

(1) The differences of the resonance frequency measured from same point with
repeated excitation and different sensing points at the melon equator were not
significant (P>0.05). The results of test condition showed that the resonance
frequency was not affected by the material of hammer and exciting force (P>0.05).
While a test condition with a rubber hammer at 8 to 12 N indicated that the acquired
response signal was stronger and more easily extracted.

(2) Melon firmness can be assessed by elastic index combined with damping
ratio and the correlation coefficient () of constructed detection model reached 0.913.
The sensitivity of this model was 68.99%, and was very similar to that of M-T test
(69.79%). The soluble solids content of melon can be estimated by damping ratio
and the correlation coefficient () of constructed detection model was 0.834. The
sensitivity of this model was 46.43%, and was very similar to that of refractometer
test (69.79%).

(3) Seven band magnitude parameters and sum of these could be extracted in
40~200 Hz of frequency domain response signal. These eight band magnitude
parameters not related to the soluble solids content of melon analyzed by PCR, while
related to melon firmness. The PCR ripeness detection model based on eight band
magnitude parameters and mass of melon was established. The correlation
coefficient for calibration set (7.) and validation set () of model were 0.891 and
0.795, respectively. The root mean square error of calibration set (RMSEC) and
validation set (RMSEV) were 1.04 N/mm and 1.24 N/mm, respectively. The results
showed that this model was stable and reliable. The detection sensitivity of this
model was 67.70%, and was suitable for non-destructively detecting of melon
firmness. Nonetheless, the results lower than firmness detection model based on
elastic index combined with damping ratio.

Key words: melon, ripeness, elastic index, damping ratio, band magnitude
parameters, non-destructive detection
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Fig.1-1 Main cultivation area of melon
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Fig.1-3 Schematic of near-infrared spectroscopy method for measuring watermelon firmness
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Fig.1-4 Non-destructive testing device for measuring melon firmness based on hyperspectral method
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Fig.1-5 Detection system for measuring watermelon maturity with acoustic vibration method
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Fig.1-6 Schematic of for measuring watermelon maturity with LDV method
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Fig.1-8 The use of acoustic technology for grading watermelon
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Fig.1-9 Measurement of watermelon maturity by impact setup
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Fig.1-10 Propagation methods for measuring melon firmness
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Fig.1-12 Melon maturity detected by microphone
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Fig.2-1 Testing setup of acoustic properties of melon for its maturity evaluation
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Fig.2-3 Response signal of melon obtained by repeatedly exciting at the same point
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Fig.2-4 Frequency response curve obtained by exciting melon with different hammer tip materials
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Table 2-2 Effects of different hammer tip materials on the resonance frequency of melon
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Fig.2-5 Frequency response curve obtained by exciting melon with different excitation forces
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Table 2-3 Significance levels for effects of different excitation forces on the resonance frequency of melon
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Fig.2-6 Locations of different actuation and sensing points of melon
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Table 2-4 Effects of different sensing points on the response parameters of melon
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Fig.3-1 Typical force—deformation curve of melon

322 BMERAAEERY R EHNE

N2 TV AT VA VE [ TR & SR AT S (ATAGO AF], HAY MiE, ki
THEVE TR AR A S T HE T RME, ARG S CBR85], 1EM % T . 7R85
A 5B, A 4 M EBUSTE 12 R E RN, NGRS R E T 2~3
ARG AT 55, sE R, BRI A e A]

15



BT A FE I % IR S B IR A 5

TR A B AE
33 RERERESHITESE

3.3.1 MR MR EATITHE

S 25 TINA] AR AR A 2 R BRSP4 05535 TN 52 21 H5k 28 TRl I 5 B 2 7 A s e [
TR IR VEAR IR BN BB [86],  HHIURN ™= A5 75 M )8 PR 50T 5 2 5E P AR ) [ A AR o Bk AR 1) [
AR AR G e & A 5¢, HOC R A H Navier—Lamé /A 2 fif Hi 87881,
E;T?p = Vi + A+ w)V(V-ii) (3-1)
KA, WA ZBr Lamé# %, KoM B BT PIEE, KEEEFE TME BT E G, Pa;
VRINBESRF, VIRNREREST; pHRENEE, kgm’; ARRA—F Laméi %L,
NP E T E4aTE, Mgl E E S, u AR E, m; BEEEGOBHRE
bR R R

u=Vo+Vxy (3-2)

RH, ¢RI ESR; x BRI ATEMNE; v ReaRKEH
BAN (3-2) FAANX 3-1) 15:

2

p%(V¢+VM/7):,uV2(V¢+VxV7)+ (A+u)V V- (Vg+Va7)] (3-3)
LiSLpPEIEEER
2, ﬂ ( 2= 52l/7\_ ]
V| (A+2u)V-p — +Vx|k,uV V-p—; )|_0 (3-4)
ZHTREA R FAE A
1y L 0 i
Vo= v?: oo 3-3)
L2 _
YV -0
/\I:':l’
= (l+2,u) (3-7)

70 (3-5) ~ (3-8) W, v, KoORNPEBIE, m/s; v RoRBEBEE, m/is. L, HARX
(3-8) A 4.



BT A FE I % IR S B IR A 5

G=u=v/p
BV & G bRt e N

Arb, QFRFEENNE AR, p RoRMEREE, kg/m’; r FoREMRFAR,

AN AR, rad/s, FIILIRIUZ K R A
o =2nf

RARE AL (3-9) A1 (3-10) B FXN:

o=2"

Vs

RAEERAEAAFRI AFT T (3-13) THEERIEEAR 7

1/3
3m
po| 2m
(4an
AR B-11) + (3-13) 5l (3-10) A5

p1/3 (671:2 )2/3 ]fZ 2/3

G= RE m

RIEBI O E G 5T E E R RN
E=2G(1+v)

L, oRAEMERARLL. ¥AK (3-15) AR (3-14) 1, "[iHHEA.:

Q2

13 2\?3
21+0)p" (6 ] o

ms;

(3-9)

(3-10)

ES

(3-11)

(3-12)

(3-13)

(3-14)

(3-15)

(3-16)

— BN E G PR QB EME (Q7=4.9955) B8, FRWAK L v FI%FE p AR

BN, JRATVEEMEED, RIEAR (3-16) TR AT 2Pl 25 TCRE -

El = fim™

(3-17)

A fr A E R SIRAR , Hzs m WG & SR, g5 EI WS 5 T 3APE R 5 kg??/s?.
g g

332 BENRHERLLRITE

BEJE LE 245 B JE RS Im SR JE RE L, RIRGAEbRHEAIIBLIE RN, Rosbt
RHRESEYE o X LG BEEAT TR, 258 SCRROOLR SRR AR fr P I B W AEL [0 T P42

17


http://baike.so.com/doc/2180091-2306832.html
http://baike.so.com/doc/6031580-6244581.html

BT A FE I % IR S B IR A 5

VN2V, BB 6 R AN A S B ffee BT LA2 REREN, X £ 4
SREGE B A, DR R 0 AL A (KR B 2 o WP MO SRS SO AR KT IR A, a0 32 B,
SEARIR S TR (A UG AL ) R SRS 3 B 7551 £ A 4 (0, SRIGHRIES (3-19) i
BT B HG SR A 235 TR AP

n% = f%;~ﬂ x 100

R
b BB, % fioha RFTXENIISRAE, Hzs fo 8 b )UBFTXERLMIARAE, He;
RAFIRME, Hz.

(3-19)

20

10

E{H/dB
o

-10

Zisha!

-20

-30

0 100 200 300 400 500
B Hz
3-2 MR INEL R AR [ 15 S i
Fig.3-2 Typical acoustic response signal of melon
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Table3-1 Relationships between acoustic response parameters and maturity index
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Fig.3-3 Changes of firmness and soluble solids content of melon during storage time at room temperature
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R 3-2 Fraw, B yo AR A R 80y p2 I ¢ A 36 45 B AR 1 T £0.005.138 P I FAEL(2.601 ),
TR BB FE N 223.418, Pye<0.01, FKHIESEMTREETE, K0 E1 A
nFL L 1T Z K R AL VIF=1.94<10, K8 EI Fpdt &R/, fERVFEEZ A; El
R B A A 28 P 8 8 LA TRY F R 9% 2R % =0.913, ¥ E R B R=0.879, K IEWE R E
R%=0.878, [k E1 Flylc-Er g 32 1 0] U3 75 R ] LA -0 25 TV 38 1 Tl

Fz 32 BEMEEMMNERFRERAFESENEZ QI

Table3-2 Significant test of predicted model equation and parameters for melon firmness evaluation

R EVEER
EVEpIYE: F k% HRRH r
o s R
Sw1=2.561+42.127%104EI+1.938 223,418 1, =4.035 b 0.913
- = . . >< - . = .
M 1 (Pyg<0.01) O ¢ —5068
72 '

3.53 BE/NALAEERY S ETNER EE
5352 K10, SREZBA Z u et B3 Mk, sPEFR4 EL. FHJE Lyl & TG
YIRS ERT P27 om0 RtV WAR
SSC = k, + kEI + k, (3-23)
X, PR TNAEE, =1, 2, 3, L, ns KyFROREIAGREMEEE, k. kKR
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IEWIE IV ES /@

ggiih o, FAPEREEEL ARH 2 b T e 5 I al P A & B 45 R n 1

3-7 Fiow, Ry .

—
—
1

(=]

ZUCE
O
T

I

AV

PEA{E (SSC) /(°Brix)

~
T

SSC = 0.584 + 0.062EI + 7

SSC=0.584+0.062EI+#

1 1 1 1 J

6

7 8 9 10 11
Al VAP [ T & BBl EA TR /(°Brix)

(3-24)

3-5 RERFAREERYEERMEE (SSC) 5MtistR (ED . et (n) BKETMMERX

ES

Fig.3-5 Relationship between actual soluble solids content (SSC) and predicted value based on elastic

index (EI) and damp ratio (7)

WK 3-3 fiows, BIEAGFE (3-24) #EE k AENE R Bk, < &, PSRN ¢ R 0G, A 25
RN: |1, [F0.878, 1, =16.150, ¢, =1.111, |, | ¢, fHHENT tooosiss G FE (2.601)
BEVERIE F=138.727, Pg:>0.05, KHINASH TS,

ERATTRE S, BT AR SR L EL B A R BRI RS E g, =1.111, BN T 1
o 56 () S, Psig=0.269>0.05, FETUMEE R ATIAE, Kkt EL HEBx, XInHl SSC i

AFEAE A0, SR AN

Vs

AL [
MEAH (SSC) /(°Brix)

2
Z

i

3-6 BMENFAIREERYEERMEE (SSC S5EREL () FM{ERXHR

3-8 A, H AR A
SSC = 4.588 +2.461y

—
[\
1

SSC=4.588+2.461y
r=0.834

—
—
T

—
S
T

o
T

=
T

1.2 1.6 20 24
R R T B TR /%

(3-25)

Fig.3-6 Relationship between actual soluble solids content (SSC) and predicted value based on damp ratio

()
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% 3-3 MENAREERY S EREMRRFTNERGRERSHNEZ AN
Table3-3 Significant test of modified predicted model equation and parameters for soluble solids content
evaluation of melon

R FR o FURARE KR

K R r
t, =16.150
e 138.72 ki
fEIEHT  SSC=0.584+0.062El+7 38727 t,,=0.872 0.854
(Psig>0.05) tkz =1.111
BIEJG  SSC=4.588+2.461y 306.869 4=19.087 1,=17.518  0.834
(Ps1g<0.01)

SHEIE G RENIE TR (3-25) #FE A, AR R B, 4350347 B0 ¢ AR08, HeI&:
RN: 2,=19.087 A1 2,=17.518, #PEHE KT t0.00s,138 T35 I IE FE 2.601, FRHIAZSEL
Alf5: MK R =0.834, YE R R>=0.696, KIERE RE R2.4=0.694, F W [HIVHT7
FERNAFE E LT, A] DL T4 28 TC R 2 5 T
3.6 MAEETIN B A & T ) 45 2 B UK S 0 AT

AT TR A AN [E) FE AR O AR TR ) TR B 77, TR R 20 A TR R X
% TR 5 AR AT v 1 [ T 0 AR A P U FEE 1890
_ SmS;Sm « 100% (3-26)

max

Snmot

SSC,... — SSC,_.,
SSC,.«

e Py« Pssc 70 ARG 5 JTURE JSE R Al 3 4k ] P40 & B AR Y () BBURKEE 5 %03 Stmaxs
Srwin 7399 AN [ T AB R S0 A5 1) e JOARE B P e K AEL e /MELs SSCimaxs - SSConin 7359 4
AN TR SR A AR SRAT R s 2 U RT VE A 5 B oKl Se/IME
R 3-4 Dy s IR SEAT ] S PR [ 0 2 B U L 0 45 2R, M-T 58 A Aar ey
2 IR FE R BUBR S N 69.79%,  BRPEFR 2 EX A1 BHJE Ll 64 R4 Ja2 (¥ e 250 JTCREE F32 T ) A6 7
T UL AT IL 2] 68.99%, 5 M-T 28 RS I (0 5 2 A I GRS BE AR W #3s mI v 1k [
T & BN NIRRT 47.41%, BHJE bt R 2 R0 %5 TTURT 38 P 1 2 470 5 B T Ao 2R
IEBUKRE D 46.43%, W5 EBUKERAGL . XK, A A e s JTURE AT ] v 4 [
VA5 B I A OIS 7R A i O s % TR Bl 3o
& 3-4 FREIEEMALARERY S E NRE A8 E

Table 3-4 Sensitivities of different firmness predicted models

Py = x 100% (3-27)

. i (N-mm™) A TEREDEY) & & (°Brix)
oA AR — — — —
SEIAE Bl TR A5 7Y SEAE T AR 1Y
B E (%) 69.79 68.99 47.41 46.43
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3.7 RENG

(1) ] DLSR A 384 $i OR0 FH G LB 4 2 oLl iy 2 JTCREE B g B 2, AH DR MR TS 3
0.913, Ko W 25 JTCHE 22 A5 Ak, 1) T AR R 68.99%, 55 512 o N 84 28 Ak 1 B8RS (69.79% )
A ks

(2) W LAK F BHLJ@ L) 2 Tt w285 JICR] v P [ PR & B B A, AH OG 1k 3] 0.834,
XTI 5 JIC ATV 1 [ T4 2 2 704 B RO R B2 R 46.43%, 5 S B I 2178 A 1 Uk B2
(47.41%) tHAEH Bk .
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FME ETIERER SRR BN 7775 R

41 3|8

FE B —FF R 1 FE T S B S TR AN R P 0T 7T, T 52 BIRAE A
B0 PG 3R AR R 98 JEE 1) PR (5675 AN B SE N AR RA AL U s %5 TV FR) P 8 ol o e /S 22 5
N T FRRAR — [ L, ] A 8 A R e M V20T 78 T ) 2 o BE AT s L R AT 1 T 7
7ol H A EIEARSE (20100 St 7B SR CHUATIR(E &) B2, R BLS i Tk
LR RS AR ORNE, 31E T PSR R o AL, AR B8 D FZ T XR 4R 21 I 5 I 75 g
A5 FR SR T A IRAE A5 S, A 1S TR AR AR I TR A, O 5 5 = &0
M 25 B0y 3 ) ey 2 T ot B8 % TS Y R 4T LA, i 24 7 3 5 Vs 8 T BG4
175

42 SiEIR{ESEBHE

4.2.1 SrHsnEs BYE B S HY (8] PR kI 42

IR, R i 2 SRR (], 22 5 IR 46 BN e 25 TR 75 i R A 5, 7
500 Hz 2 JEIE{EfS S iE TF (Al 2 HIEEREE) o Fik, SEE 0~500 Hz i)
B T8, W 4-1 fros . EAS R0 P9 G 25 T ) JE 3R A2 B AR 7E 81.25~162.5 Hz
Z A CHLE 4-2) , {HRAEIX AN AIE AW (e A1 R o B AR B R A 1 83.5%, N T
B4 REUE SIEERE R, 2% CHR[80]1EE 40~200 Hz /E NIREUE S AEL, ik
B 7T AR ITRAESEBM R 1A SUM S8R, A5 181 BE RI 4 Fe A8 4R Y il an 22
4-1 Ffizn, RSB N B 2 A0 (5 2R AT B R B 2 AT 96.8%

15

SUM
10 -
BB
>
a
Z o}
4
=
51
10 —/
1 1 I \I/M 1 ]
0 50 100 150 200 250 300 350 400 450 500 550
B Hz

4-1 SER RO B ECE E

Fig.4-1 Intercepted range of encompassing requency

24



BT A FE I % IR S B IR A 5

180
& RME
160 = Wkftieosn, ™ WREIE
°° o H/MH
. s
E ;“_\.\4 -
Jr§@r_140 - N -\\.\ R
K 4 © % St .
jij%lzo- R
AN
A A4 ‘l.\‘_\l & & & -
100 | ¢ o o Mg
s
*&’J‘{ESIQSHZ rS
80 B hd A
3 . 9 12 15
1 SIS 1) /d

4-2 =R ARG E I AY T4 59 2= B i i B (8] B9 2 1
Fig.4-2 Change of the resonance frequency of melon with storage time at room temperature
41 mERANREEASHEER

Table 4-1 Band magnitude variables and their encompassing frequency range

BM; BM, BM; BM,4 BM:5 BMs BM37 SUM
P
/J/KH{ = 40~90 60~110 70~120 80~130 85~160 100~180 120~200  0~500
z

422 S RESHETE

A R i S B B 1B (O LU B, Farabee S5 RRH T iZiH B 5 4E, A&
HE i Farabee 55 B th (1 AL BT WUas IR B 2 8075 . 15 S5 0~500 Hz A v [ P i
B P B A AR HEAL A 107, BRJE R Rl (4-1) H5 0~500 Hz 75 BI#HUE 5 g (E
MFIZE SUM. AKPEZR 4-1 s (A i A B R 43 7 AR 1A SUM S35, A g
HZ5 BM, (n=1, 2, ...7) , n X5 n M TRESE, WUFTRES IR T 4-2)
THEASH .

500

SUM = > 4 (4-1)

i=0

bﬂ
2.4,
i=a,

M, = —
n SUM (4-2)

4= F(4-2) w1, A BRI NS S FAL A B s ans b IEEA 98 HOAC G
RS AR, Hz.
4.3 HERES NS WRENRRE IR B RIEXES

I (2 5073 Jnll 5 ey s JOCREE S AT ] P [ P & AT AHORME 0 Hr . Ik 4-2 Pl
LR IR BMy SR AR SRR, T H AR B 2 ORI s s JTCRE JE PR A S PR A A
XYL A IR ES B RE e - ORI = TR IRAE A5 B, IRE S 85 s % N nl i
[ T A AH DS MR ARAG, et A 0.24, 1 HaEA R, kA iR S 50 e
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PR TG v 25 I w1 [ T 5 2
%42 ENEEASHEEE (Sun)FIRAEE Y & 2 (SSC) B X
Table 4-2 Correlations between different regression parameters and the actual firmness (Sm.t)and actual
soluble solids content (SSC)

BM, BM, BM; BM,4 BM:5 BMs BM;7 SUM
Ty -0.802"  -0.298" 0.689™ 0.593" 0.392° 0.319° 0457 0.329"
rssc -0.048 0.143" -0.079 -0.24 0.093 0.071 0.074 -0.094

VE: TRRE 001 K TFFRHEAREER (P<0.01) 3 *FTIRE 0.05 /K FFHEEEEER (P<0.05) .
4.4 BETFiMwiaEERZKAEIERR PCR fiEE g E

441 ERHHEIYT (PCR) S HTERIREE

K A IR B BEAT e 2 I RSCA L PR bn R, 1 T AU B MR E S H 2, 23
Z B R BEAFAEAR ORME, B 2R E R o M B RN S8 4 . 32 Rs) [B13 (principal
component regression, PRC) 73 #1 & Bikf R R AR 2 HoA — @A KR IER P AN abr, FHE
A B AUFT A ELTE R R AR A R T b o 38 B 40 B RJAL UK P AN R PRI
AN E, ENFSGE TR . REMEEEME HIEBU S — Mt A G, B —4%a
bR Fi 95 22k 3R0E, R Var (FO 0K, Rom Fr B8 iIE S ZE . e 12k
VR & PR B o N T ZE R, SR — Ry WOR S — T A R AR R
K P ARG B, Ko ERBGE 8 . Hodh B A G B A B A
Py, EOR Cov (Fi, Fo) =0, LAIESSERTDMIEH S =, B0, B PAEXD, &
Ja M BB 32 57y 5 RO R FE b b A BB BEAT 2 ou 2kt IRl)H (MLR) 70 # 2
SLTRAE A
442 SEIRESHZ BMBXES

B ESHHREU 7 AN IR S5 BM A 1A SUM Z5GEAT A M 4T, R 4-3
WL, A S MRES B A RN, HRIEE 0.75 BLE. WRAERESHO LTS
Winl sz (W3R 4-4) , 28 BMi. BM5. BMa F1 BM7 )75 ZIEAK K 5~ VIF>10, fF4E/™ &
RUFEER PR R R, X 1 IR S HOA 58 & 1T MLR o A s e AL . Ak, A&k
M FRSrRIH (PCRY 3 i db AT R A g A 222

26



BT A FE I % IR S B IR A 5
& 4-3 BAEVASHE)HE K REER

Table4-3 Correlation coeffcient matrix of different regression variables

BM, BM, BM; BM,4 BM;s BMs BM; SUM
BM, 1.000
BM> 0.139™ 1.000
BM; -0.806™  -0.174™ 1.000
BM, -0.763"  -0.505™  0.754™  1.000
BMs -0.451"  -0.229"™  0.061  0.442™ 1.000
BMs -0.389"  -0.310™  -0.110  0.195™ 0.597" 1.000
BM7 -0.801"  -0.348"™  0.269"  0.137" 0.206™ 0.512° 1.000
SUM -0.313"  -0.441™  0.033  0.404™ 0.450™ 0.793" 0.274™  1.000

W R 001 FKTFTTAEREER (P<0.01) ; "FIRTE 0.05 KI/KFFEEREFEZER (P<0.05) .

R 44 HEMBIRER
Table4-4 Result of collinearity diagnosis
BM> BM; BM, BM;s BMs
3.606 13.165 14.569  2.463 5.030

443 MZENFEE PCR FMAEE potE /3£

2 AR P 5 = B T i 00 ) P e, SR IR (2 B IR 1%
3:1 R AR ISR AN IELE 2 4103, RIS 105 AN, R i i e JTURE 0

BM,
VIF 20.822

BM;
18.730

SUM
1.925

B R FIGUELE 35 ANUAE,  FH SRLG IR BT Aa) 2 1) i 255 JTCRRE B Tt s Y o A% JE SR AN IE
EENG % TR & 40 11-E a3k 4-5 i o
F 45 MEMNRHRIESFRIEETEE
Table4-5 Stiffness of melon in calibration and validation set
i J (N/mm)
FEAHL
¥E YN x/IME Pt 22
K IF4E 105 12.46 18.50 6.51 2.47
ISEEE 35 12.25 17.64 6.83 2.08

AN TN R A5 A Bl (0 (B S 008 e TR P 384T £ Aoy (|13 (PCRO 20T, AR
YERFAEAE AT 22 A7) 5 22 BT DTk R, ff g 2L e AN SRR RS A R e
RS AR HEAL Ja B BE EAT Z2 e ek 1A (MLR) 204, HRIATT R 08!

k
ZSM_T = a, + ZanFn (4-3)

n=1

i (4-3) o, Zg v NAE BEARTEAG S 38, a0 A @, 4301 Dy B0 VA 75 A2 48R A0 2R
B, F, REENRRERS, kAEIEERS NG, =1, 2, ke

XF 18] 75 B8 B A ER o AT [E] I 2R B o, o3 ) REAT B ¢ KBS, ¢ K SR Il R E
f0.005,108=1.98 LA, XFZ M RIH T FEHAT FALK . HERIEH RO EZE, ¥
5] A 77 R & AN S B A D S5 06 78 B DT A R 2 TR 8 ot A 284 (961 .
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Sur = a, + aBM, + a,BM, + a,BM, + a,BM ,
+ aBM, + a,BM, + a,BM, + a,SUM (4-4)
X (4-4) 1, Swr WG REIRERE . oo Moy~ ag 0N BT RE MR AN R 8. N T
A IZAE R B TR PERE , 70 0 T AL SR AN IS IR AR B A OC AR B e MBS AR IR 22
RMSEC RMSEV, ZTNFERL ARG R B, BIU7ARR 2200 T WA TR f) o0 428
REMGT; A AR I AR AN IR IE R 1A AH O AR B #97 MRIRZE 22 ), 1 Y U A 2R )
R sE TR o
444 MEREERE PCR FUNRE g2
K H PCR 0 #1712 A IR S B A A B IR B 2 BobnEAL S5 34T £ ey o i, £
o PRRAE AN 4-6 P . MR4E Kaiser #EN, FTEA ) Tl AR E LUK T 1 HERM
TTRRERAE 85% LA b, PRUEHREL £y Al Fo X 2 A F i OB R IR E S8 L &
505 5 TR LA AEAL 5 R EE 2, | BEAT 2 o0 R PE Rl 0 A, 3K 2 AR (el 3R 4-7
Hh 5 20 O B AR O SR A, BT RN
Zg = -0.775F — 0.190F, (4-5)
R 4-6 ERMSTREILGR

Table4-6 The extraction results of principal components

E Ry FFIEE KPTTIRE %
Fi 3.547 65.333
F 1.684 88.381
Fs 0.994 90.804
Fy 0.904 92.109
Fs 0.475 95.052
Fs 0.225 97.870
F 0.144 99.670
Fy 0.026 100.000

R 4T ERS REGER

Table4-7 Coefficient matrix of principal component

JE 06 2 Bobr HEAL 5 I HE

EN W
Zsm1 Zm2 ZBM3 ZM4 ZBMs ZBM6 Zsmr Zsum
Fi -0.820 -0.569 0.548 0.765 0.662 0.658 0.595 0.662
F> 0.426 -0.166 -0.806 -0.369 0.324 0.611 0.115 0.444

o B TR AL (B9 TR (4-5) WE PG IR (E F=223.42, P.<0.01. [H]J4 FR%3
17 ek, S5% 1, =22.510 M1, =5.506, $RZEET tooos0s B FE 1.98, ElL, £
A FE R o K AR R (B ) 5 FE (4-5) WS HOEFUNRIGA &, 75 A
B 25 50 TN Py 2 I B2 A U080, B[ 77 FE A
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Sy.p = 17.194 - 23.803BM, - 9.342BM,
+7.505BM, - 9.373BM, + 10.326BM

- 6.511BM, + 3.890BM, + 0.045SUM (4-6)
20 20
=18t r=0.818 °% 5 antlt r,=0.702
£ . £ = e
g E 16| RMSEC=114 w E gl RMSEV-LE
® & = g
re o~ 14r 14t
e e
3 g0 . Il
= 1\@ 10 - % o 10 -
I gl B os| .
6 6
6 8 10 12 14 16 18 6 8 10 12 14 16 18
A IR A PR P (N-mm™) ATUHE IR T AE B (N-mm™)
(a) FLNARZIELE R (b) FMFREYRYIE IE 25 R

4-3 ME/RAEE PCR TSR MOAIE S FNIGIE R 45 R
Fig.4-3 Calibration and validation results of melon firmness prediction based on PCR model
WK 4-3 Ca) Fros, Pe% IVEE R T B4 A2 iR AL AH OC 228+ =0.818, R IEEETT
RiIRZE RMSEC=1.14, 5 4-3 (b) WIFELME KM, UL K RE r N 0.702,
FEAS T 14.18%, RMSEC 4 1.43 N/mm, 38K [ 25.43%, [R50 B AS (R g F) T A 1Y
PERRIRUIC, FREtEZE, IXHAK T A5 e P SRACLA F0 32t FROIASE 28 f 4 f R AR S 12801,
AT b 75 GE Pfr ) 28 %) Bl TR A Y 1 — 2B 1
4.4.5 MZEEEE PCR Fl#&EE g94& IE
DAFE R IR P SRR R A e S I, R 1 0 o0 L LR AR A AR DR ) 52 g 181, R s A
TR G U Joit 2 5 | N FLAE FE A Y [l 7 #E (4-6) #HATIEIE, 7B IERIE
y\j:
S'mr = ¢y + ¢,(17.194 - 23.803BM, - 9.342BM,
+ 7.505BM, - 9.373BM, + 10.326BM
- 6.511BM, + 3.890BM, + 0.045SUM) + c,m (4-7)
X 47 W, o BEIETRBELE, c, c, NARIAGTENRE, m AGERPRE.
FINRESECEH R EH 52 (4-9) #ATEIE, BREEIERIEEA:
S'wr = 3.325 + 0.988(17.194 - 23.803BM,
- 9.342BM, + 7.505BM, - 9.373BM,
+10.326BM, - 6.511BM, + 3.890BM,
+ 0.045SUM) + 1.115m (4-8)
SRS (4-8) )R ZEVERIME F=335.087, Pse<0.01, X[HHREHA4T 456,
G, =3.649. 1, =25.183 M, =4.353 EJRE T toos.10s MR FE 1.966, Kk, K
[EH 77 AR RIS o a8 IR R [ A 77 #2804 IR 5] JR 46 A8 & 15 HAB 1E 5 1 s 2 TR
JEEFHASE AL 7 A2«
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S'mr = 13.662 + 23.517BM, - 9.230BM,
+ 7.415BM, - 9.261BM, + 10.202BM
- 6.433BM, + 3.843BM, + 0.044SUM + 1.115m (4-9)

20 20 -
r=0.891 r=0.795
RMSEC=1.04 RMSEV=1.24

—_
=)

M-T % i

i Ji
WA (Sp1? /(N'mm_l)

T S M-T 27 Y
WEWY Sy JN-mm™ 1y

8§ 1012 14 16 18 6 8 10 12 14 16 18

AT IR AR VE PO BEE (. (N-mm™) SRR IR LV PO FE (. (N-mam™)
(a) IZIEFUNEE B RIELS (b) EIEFMMRE AL IELER
4-4 ISENRERE PCR FUMREL MRS IESRFILGIE R G R
Fig.4-4 Calibration and validation results of melon firmness prediction based on modified PCR model
& 1F 5 B PG 3% JICRE B P A Y [l 9 5 A% (4-9) BORZIESE . BuFsR an &l 4-4 s,

SEIERT R R AT (4-6) M, reo n 23718 T 8.92%. 13.24%, RMSEC.
RMSEV 5 HIAE T 8.77%. 13.28%, KeiEHE5Wir 42 ] ro RMSE (13555 SR T
17.24%- 31.03%, X Ol 1 HAth RS 24 V00T 5 P a4 52 N ASE 7R p) 428 i AN AG 2 12070

6

4.4.6 MEE IV B AS[E) FMAR B B U bLAR

KA =2 A (3-26) TR AT WAV 5 JTCRE B P AR 7 ) U, R 558 =
B Bl il TR0 R AR () S0 B A M-T 5 )3k () 1 38 SRR B 1B AT EL LM, 45 SR Nk 4-8
Bz o A M AL V5 POU I ASE 2R 0k w260 TG P Al P B8R B2 R 66.30%, IR H23 M-T %8
SRS WU e 3 TR B R RBURR BE (69.79% ) ABAIR T~ EL-op T ASE 2R S6of s 2265 TR A I 7 5
JRFE (68.99%) o Rk, JUEIUHT MRV OIS At m DS iy 235 TR R R AT e d sl
{H EL- PSS ) B 5 T 0 5% JTCREE 55 To 4 A

F 4-8 A[E) e % JIVHE B T A5 2L Ry SRR

Table 4-8 Sensitivities of different firmness prediction models

i A0 g v M-T % i3 EI-n 50 A 754 AT T A v ) 74
B E /% 69.79 68.99 66.30

4.5 KREINLE

A B JE T 0T R A 2 5030 AT 0 2% TR B R e 40 R M A 9, £E 40~200 Hz il
B, $EHLT 7 MR S EOR 1 AR S N S5, TR AE 2805 06 55 TS A B FR AR
[E] PRI AH S P 5 AR I, IR AE S 504 BE F R B NG 2 IV vy 1 [ P & & o BI NS %
R T BT R AE 2 B0 5 R PCR TR AR Y, 2 T A% 50 Az 1 46 AN 6 IF £
[FIAE R R E0 08 0.891 A1 0.795, A% IEHEFISGUEEE (135 77 AR 1% 22 73731 4 1.04 N/mm FHl
1.24 N/mm, X %8 JICHE G AU B8RS B R 66.30%, 35 43T M-T % v 1 A 1 )
BUREE (69.79%) » AKT EL-y TR0 ASE 2R A R AU AR B0 (68.99%) o
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FhE FiLSRE

A8 SC LAHT SRR € TCR A 25 IO FE 0 52, X IE 35 JTCRGEA B 38 V) 7 B TE A I i
— ), AR H IR AN S T UGN (1) e TR T A S AR R A, R A
A RNIE BB AL IS, SO R A S E0 T 5T e R B #E Fe OB JE L, SRS R
FH I P 6 b S At T (B 2 40073 ) ) F M 3 TGRS 390 B T M A 20, Ay e 860 T Rl o 5 11 T 4%
o U 2 (4L SRS o
51 EEFR

(1) WK T 7 e NS 5 AR E P, 7RIS %5 I R] — o5 22 UCBURD I, 75 i 9 A5 5 At
T, FERG N ARTE AN [ AL B s, JLRAR TR E 25 (P>0.05) 5 40iT 1 8=k
PR 0 e 2 AL SR A R 52 M, 45 SR 3 Bl Sk b4 LR IBURN 77 6] i 2 T SE PR AR
TEFEFW (P>0.05) , HRHABEAMEHESL L 6~12 N YU J 8RN, 5 F#E0s
T oM B RS

(2) ARFEA [ S Hork 57 s 2 N s fe BRI e b, FE T IX AN BRI S
AL FE T PO A JTCAE P AR, AR S PEIA ] 0.913, Mo Iy RS F& A5 4k, 1) TN LR FE R
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