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Non-destructive Detection of Freshness Grade for Apple Fruit
Based on Bio-impedance Properties
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Abstract; Bioimpedance properties of Fuji apple fruit with different freshness were investigated. Fruit
with weight loss of 0, 5%, 10% , 15% and core-browning under room temperature were chosen as
samples corresponding to descending freshness grades of 1,2,3,4,5, respectively. 126 observations of 14
bio-impedance parameters under nine frequencies of total 424 fruit from each grade were measured fruit
by fruit with LCR impedance meter. Data were computed by using the sparse principal component
analysis — linear classifier (SPCA —LDC) model. Results indicated that classification accuracy reached to
maximum stably when the ratio of training sample to test sample of 9: 1 and former 39 ~ 45 principal
component ( PC) were adopted. The least 39 PCs were consisted of 44 from the 126 observations.
Average rate of classification accuracy reached to 87. 90% within 50 test repeats.
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Fig. 1 Appearance of fruit under each freshness grade

(a) KREHRO0(1 )

1.3 HESHIEE
1.3.1 SPCA J5¥f

JAEARXT T AT 5, BHT S 800 I
fRTfEE DR | e Ak, (E G SR AR I 14 FhBHBTS %K
DT 31 2 450 9 Foat 28 R A A 126 SRR
H, HAR KB IHAEN T W) 07, s i 5 0%, 55
A1, 126 4SBT S50 B I AR BT A #a R S R G
R AARAERER, — SR TEITTRE BARA
A BEAMEXTE IX 3 A DTk, 1 HE 2 1R S5 )
K153, MRS 2 IC 5 1 (SPCA ) RE S FH A i 1) i 2%
FEE E 70, WA HT SR A8 05 (5 BN JE 24

(b) KREF5% (2 9)

(¢) REF10% (3 %)

(d) KERI15% (4 %%) (e) ROBEZRGH)

A BH TS BOR e 4% Hh oA, e HH H: P SQ IR 3 DD A R ik
{8, PR E N SRR BB | AT LS
NIE S

E R 3 B el F 05 A (PCA ) J&— M T
T P2 el R AR 42 UE R fEU PCA 1 Bk 4502
— A ETCAL R BT AT I G AL B A e M 4L A, T L
A IR AR B 2 R BRSO AE R, X A4
i REATT A o B TG AR A5 A% A1 IR XE . SPCA
JE 8 A 0 28 AR ROR AR BB IE oY, e
(S I T PCA BERE B B — A~ 1ol A Y 1) fe A0
(B, TI7E 22 0 M [l U vh it B 5 2 T i



%2 3

B985 A5 LT AR B PUREE 030 SRR B T R 149

FEAR ] Y 0] T, 24 1 1 A ke D7 58 02 3 i 1L P 7
(LA 2H 5 F 58 J SR T 36 4 i 0 A A S F
A BRI, lasso' ™ J&— R 75 A9 728 Bk
FEH AR, T REAE 1R R A i SR UE S 5 1 () B AR
Zou S5 HE Y elastic net E A lasso Y35 i 1k i D 7
FoRME— 22 lasso, KL AT LLKE lasso HLIEE A
F [ b o rp DL A5 SPCA f5c 2877 A i i A0 i 2%
FREC
1.3.2  ZMEor2Santbin I Jr B
2432545 (Linear discriminant classifier, LDC)
S LT IR B 0 A BB 2P Bayes 7326
i, WARLFRAE A5 i Lt DU Jr 43 25 4%, 7T fH Matlab
S T HAR PRuools HHAIAHC R BSE B, LDC
LR L AR AR AT
(1) TR AR M W, R AR A
TR RELE T KRR AR P 5 2
FELRE T e 28 6] By J7 22 AR AR - 24732 550 ) 5K
i AH S 24 1 2 18] ) 46 A AR 4, 3 B AN AR 4
W, WAL E B 25 G 15l
G =(1-R-S)G, +Rdiag(diag(G,)) +
Smean(diag(G,))E (R,Se[0,1]) (1)
KX RS— ML RT  E—AAERE
diag () —XF LR TC R M LAY — A7 1)
diag(diag() ) ——HF U AR f 2T R ik I

yopapsEbiEls
mean () K BEE A
WIHE [ Wi 2
G=WW' +)\’E (2)

KW K x M BB, K 25 0] 4 i 4
B M BB TR A RIX M A TSR
FAEMER A, 3 W 25, Rl AW gial 2
BB B e s |,

(2) XM AAE B 73 28T F PR G A
SR, XTI A — AR 2w, M I PR
1

y =f(wx) (3)
oAb JEXPRE o B0 2 70 2 A% 25 18] RO 2R 8K,
WHsE, f () BRI IEB C AR, i i e T )1l 25
FEA AL I 27 S R, HIIRENHIE x T )E
TR, BB TR S A B AR 5

TR A Iy MK ¢, - C SR
Pt LDC S22 TAHFAE A M e 397 2 A (9 R 3 b 53
IR R AT 7R, B

flux) =max(p, (C,)) (4)

p () TT PG 1 €
P (C) = i) (5)

el,'

q=;@ﬂwﬁpm@w (6)

Hp, (k=12 M) J2& x $ZH] 7324525 (8] 1Y 1)
i WiEe ARyiVEEE (I8 1 S e ir Srike 2l N o
A x TEAANE C EERRI G SR, IR ek
Wl i AERAEZS, X (4) Fin . RS p, 11t
BTN W e R p A3, g e, XF T A
[ A e Ul — M IE i (3(6) ), Bl H 7 HU R
o3 F-BIAT,

p,(C)FEH— LB eI AR, IR B+
SeAE W Ff AL M P | RIFE SR RE AR T EAE A B
PR BRI, P(p, | C) EAIRFFIE ST i p,
TEZEH C, T B AP X Se 3 ) 3 B3R R A
HREAREASRHIEABRSE A DA e 39 23 B4 AL A8 i 4175 0
TSR A, B R 1 2 (R RS v 25 L RE D2 1%
WEHILAZ B A B3R 45 B oA it 2k

2 IR AR A AR 2 )5, R Matlab o
PRtools T EAR T3 H 5 B AR 1) AH L A ok 5 58 72

W =Idc(training_sample) ;
probability = testing_sample * W
posterior = probability * class;

F)5E 45 R B VT B o TT LR R 23 2R 9 I K
FEAS A%, o mT LA 8 W e 3K 36 80 R 19 1
By, B3 2R IE AR O AREAS o R AR S B0y
A",

1.3.3  FTAEYBHBTRAE A SR I8 i 7 A8

LN OOE SR S R T o S RS
SEAPUBA NS A ity R S5 1 S5 AR RO I TEA , T4l B
— 7 OB | P DU e A R X AR L 2 R
PEATIOE , B0 5 SR (4 B B RN AT AT ey
TN 2 PR ) TARRERS,

2 BRI RER

2.1 K FAbIE

MR S S 46 R 5% o Aq Ih 6 1w % A B B AE
JK 10% 22 A7 B iz 3R UH I vT DL AR s 4 L iR B 15%
it B P ER A A (1) RPN R AR S ] A R 22
B Ay I R R 5% 10% 15% AT N BB
M8 ST UEA T AU S5 RN B FH XU 22 0 F 4521
SRS O T 25 6 A EARK IR R R (3R 1), oA e
EATH R RN 1.2.3.4 .5 (CRSE) S 4N E 4%
G, E RSP S e 3 S 2 TOUIASE 0 S R o
PEVER AR



150 P

G2 BRI T

(4 BHBL S A9
B H B 1)

S GRS LN

TP A2 R

b BB R 2013 4

BN ARTEA ] £ il ST a3

JLHK(PCs) T 301 FLDCAY 2 BRI RE R

AT SRR B BT (n 4> SPC)

v

FARITAIA LDCAN 8
ARIHN1.234.5) A FILEEA

ZRFIIEHE

AR IER AR R = A
FREALHESPC 4—‘
ALDCHY AT 74

P2 SRS o) 2 I A 5]

Fig.2 Principle diagram of fruit freshness classification
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Tab.1 Basis for classification of fruit freshness grade

ZH 1% 2% 34 4% 5%
BRI/ % 0 4.93 9.8 14.75 0
T AR 4y 91.56 86.67 79.67 59.56 48.76
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Fig.3 Influence of training sample ratio on predict

result in one test
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Tab.2 Classification accuracy for 50 test repeats %
i
JAoass
1 2 3 4 6 7 8 9 10

0+ 92.13 85. 04 92.91 85.83 91.34 88. 19 88. 19 91.34 90. 55 88.98
10 +4 84.25 83. 46 85.83 85.83 87. 40 87.40 83. 46 85. 04 86. 61 85.83
20 +1 88.19 86. 61 84.25 85.83 91. 34 90. 55 88. 19 92.13 83. 46 90. 55
30 +i 91.34 87. 40 89.76 88. 19 88.98 87. 40 86. 61 87. 40 88. 19 86. 61
40 +1 90. 55 88.98 85. 04 87.40 85.83 90. 55 88. 19 88.98 89.76 85.83
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Fig.4 Load coefficient images of the least 39 SPCs

required for the maximum classification accuracy
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Tab.3 Data for postharvest physiology and trait of five grade fruits

PR R Y B kg om -2 S —— #fEE C WP 8 3 IR

/% i /mg- (100 g) ! /mg- (kg+h) ! /L (kgeh) 7!
0(1 %) 16.46 £2.01° 7.54 +0.67° 0.34 +0.05° 6.38 +0.28° 10.03 £2.55" 0.68 +0.31°
5(24%) 15.26 +1.63" 6.99 +0. 60" 0.25 0. 02" 4.40 £0. 52> 7. 84 £3.70° 0.90 +0. 38"
10(3 %) 16.21 £1.74° 7.38 +0.98° 0.20 +0. 02¢ 3.88 +0.65° 12.90 +3.90" 1.28 +0.57"
15(4 %) 16. 58 +2. 00" 5.80 +0. 93¢ 0.19 +0. 03¢ 2.84 +0. 441 23.20 +7.57¢ 1.41 £0.53"
0(5 %) 14.84 +1.53°¢ 5.97 +1.24° 0.22 +0.03° 2.48 0. 341 14.43 £3.26" 0. 69 +0. 20°
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