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Rapid detection of moisture content of pineapple based on near

infrared spectroscopy and SSA-RELM
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Abstract: Objective: A method for a fast and non-destructive
detection of pineapple moisture content was established.
Methods: A novel detection model of pineapple moisture content

was proposed based on continuous projection feature wavelength
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selection and Sparrow search algorithm. Firstly, according to the
characteristic of pineapple NIR data with high dimension and
results of feature wavelength

redundant information, the

selection such as successive projections algorithm, principal
component analysis and full-band were compared, the selection
method of characteristic wavelength of pineapple near infrared
spectrum was determined. Secondly, considering that the
performance of RELM model was affected by the selection of
input layer weight and hidden layer bias, the sparrow search
algorithm was used to optimize the input layer weight and hidden
layer bias of RELM model, a novel pineapple moisture content
detection model based on RELM model improved by sparrow
search algorithm was proposed. Results: compared with GA-
RELM, PSO-RELM and RELM, the detection model based on
SSA-RELM had the highest detection accuracy. Conclusion:
RELM model is optimized by sparrow search algorithm can
effectively improve the detection accuracy of RELM model .

Keywords: near infrared spectroscopy; pineapple; maltose
content; regularized extreme learning machine; sparrow search
wavelength; successive projections

algorithm; characteristic

algorithm
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Figure 2 Flow chart of rapid detection of moisture

content of pineapple

K.
X— RPN AL B o o B
50 DIRAE AL E
T— %S
d——AL A TR ) 4 5
N——FR#E BRI HE RN
JOR 2 ol B 1) 35 17 B JE B F e TR N
F.=0[f(Cx)s f(ay)yeey flax)]s fx) =
Lf (i) s fain)sms flaia) ], (2)

Xi



F&M | Vol.39, No.11

KA

S —55 ¢ HRREE MY I8 L BE .

PR A B T O R {0 JH R BB 90 9 0 S 4t
PR o I RE R B RR AR IR S N A R B ABURR A A
SR, R ML E TR AR RR N

X, xexp(— ),R2<ST

i
a X T
X!, +QXL,R, =S+

Xih= , (3)
K
t— RRAE I B Bk Y 2wk AR B
T e — RS T8 R BA R 10 e KB AR IREL
Xi,— B REMRBE ARRENE ) % E
B,

NS

I

@

14

FEHLEL o € (0.1)5
R,—Wi#fH,.R,€[0,1];
Sr—%4(H.STE€[0.5,1];

Q— EXF i HENLE, H Qe [0,1];

L—JUEE N 11 1Xd IER.

B R,<<Sy I, REHEMTBRA KGR, I
BRI PAT Z R KNG : 2 R, =S B, A kR4
R AEMEA R G, & 0, R ik
KT eI,

iR A R A o L G /N W 57 A

a

Xl — X1, N
Qch;)(fj) ,i>7
i

X = . )

X X — XL XA ><L,i<%
X,
Xl 50 ¢ WEACHT 42 JR % 22 A 01 &
X405 e 1 AR AR R B R e
AT ——1Xd WM e R AL E R 1 5]
—1,HPAT=AT (AAT)!,

%ci%mﬁmgﬁﬁim%iﬁm%%&ﬁﬁﬂ

B O A A HEAT R A
TERRWER SSA Bk, — i B ML V6 £ o JFR 48 0 B
() 10% ~20 % i) F FURRAE 1R 0% 2 . 5% 3% 69 00 5
HBOE AR TR R .
e FAX | XL, =X | o f >

X — Xl
(f; _fm)+5

[ —
i

(5

X¢<J+Kx( ),f,»:fg’

X

Xhea AR B ¢ I 42 )R i AR
B—HKERSH.p€ 0, D;
K—Z8hppEfsfi o Kel—1.10;

S5 /N EBC B AR AR BRI 0 A I 5

fisfe M fo— M PBEFRREBNE i WAL N E

€

BHFE K TR RER SSA-RELM M E Sk RRERN

L Fo DI 2 7 2 {1 A 5 25 3 17 JBE

M f > B RRE AR TR A R 2 5 B
EEBE 4 fi=f W Aab T FhRE b0 AL YRR
PR BB FE R ) Al DX A iR 48 SRR

1.3.4  RELM B & 4 f 2% 2] Hl Cextreme learning
machine, ELMD f{) Hr 2@ # 1 y 1H
H
Fule) = D G, b, a) s (6)
i=1
K.

H—REE A0

a; b —5 i ABE 2G0T B A BT AL
H e, ER" .0, ER;

Ga;sb; s 2) 8 AR 2T R

Bi— % i NMREJEW & T X F i & ot A E
FELHT B ER.

(CICTNINEDL I L CIES N

GCa;sb;yax)=g(a; *x+b;), 7

K.

gCeo ) — BTG REL,

R N HNGERIE((xoy ) x sy R
WAZEMHEHARE, H, €R ,y, €R" .

H

yi= 208G, b vx,) sl = 1,2,.N , (8)
i=1

KO REIE N .

Wp=Y, )

A

W =
G(ul,b“xl) G(al,951‘911) Il<1'1)
h(xn)

GCay by sxn) GCay by sxN)

_[31
LAL Jixm
Vi
Y=| :

LYN INxm

BoM aiab; EREHLER S, RA B i { (o, y )i it
RERTFHY N4 B ELM BEAL Y PERE L IE WAL R T A 5l
A ELM BEAL SXRER A B A ] 5 £k A SR A 5K (10) 1Y
PEA R

‘ 1 ) PR ,
min:Vigy = — H ﬁ H +*2 H € H :
2 2o

B

siaoch(x OB =y, —e/ sl = 1,2,.N , Q)
K
e % 2 .

M AE Karush-Kuhn-Tucker &1, & (10) 0] ¥ 1k N
1) A B Ak ] 0

81



2L 5% SAFETY & INSPECTION

1 PN
Veu = 7 H B H P+ 72 H € H b=
=1
N m
Do 2an lha DB — vy +en; ] an
=1 j=1
BT B IR N
—1
B:WT(ALJrWWT) Y. (12)

H(12) £ A X (8) AT 8, RELM # # (15 4 | 15
1 %9«

H
3= DBGCa, b szl = 1,2,-,N , (13)

RELM #9484 A F 2Bk T2 g iE
WAL F A JEEW MY,
1.3.5 3T SSA-RELM [ 3% 8 55 7K S PR 6 i 455 7

(1) 36 07 B PR : RELM AR (14 P 68 52 91 46 2 50 (i
ABUE a, MBS EWE 0O MW, A% RELM LR
HIPERE B SSA B5 ¥k R AT RELM A5 8 5 Bk #% . k5
KA R SSA F 4k RELM B8 14 35 )37 5 R 4K -

1< ,
min f(a;.b;) = [— >, (x(i)—x,()?
noi
s.t.a; S [almiu’aimux]
b € [Binin sbimax] s
A,

n

1

YIS R A B

2 (), (O — 55§ ANFEAS Y 52 B A8 A FUIAE 5

[ imin s @ imax I~ [Bimin s Dimax J—55 & B U3 g AALAH
a MBERMmME s M IHXNE, Hae[—1,1]MbE
[(—1.1].

(2) FWB IR0 SE L B & K SR P A T, 3
VLT AN T8 B9 T8 35 & K R SSA-RELM e 8 46 I 5 284 g
B R R B AR N

Stepl : e WU B 3T 21 40 G 385 s 2k 22, 6 1% B
T b 3 ) e e i RRAE UK 3 B L U — A B, R 43 1
B R R 4

Step2: & E RELM #8 Z $URURR 46 18 R 51 1k 5 50F
BEDLWI B AR BE . R B L) P TEAE So I H L
B Sp TR N R KRIERIKE T B3 RELM A
HNREEMETEN L. MAJZMETEHN n,SSA B
LR R B ER dim =L (n + 1),

Step3 : TR AN B A AN IR (035 I B . K IR AR AR A
RELM #6881, 4% 20 (14) 1153 5 A JBR 28 AN 7R 14 35 107 B8 O HE
J 5 HR B 7 S e 3 IO N e P 6 B DA I 2538 B B
HAI N E .

Stepd : BEFFE & B AR Bl %, 040 3% 20 (D = (D)
T % B 0 R R

Step5 : B AL % £ 1% 35, I 4% 20 (5) T 5 WU 5 1Y
&,

BE 2658 [ 20235 11 B | BRENMH

Step6 : FIWT S 28 1k S50, #5006 B 2 1k 400, D 4 118
SSA Bk 1t U838 I B R g DAL B BIX B RELM A7 1y
A Z B AR R AR R SRR R AR S B A
RELM BT 25 A0 32 75 W, 38 [9] Step2, e T £L50%
%Y SSA-RELM A 3 25 1% AR I G 2 4n 18] 3 BT

W HH L RELMAR 7
FA i A2 B A
By 2w

PRI A =
]S AL I 2= i

SRR A A
A 35 O {1

WHRIE | IR

i
U & I 45 RELMAR 7

A AR BUE AN
e )2 M

N
BRI

i R ORRAE AR

B, X ARELM

) F5e P 4 A 2 A

E B )2 B

RE LM A6 )

B3 A Tiirshiifa) SSARELM #93% ¥

Aok K ik Ml A A2 B
Figure 3 Flow chart of rapid detection of moisture
content of pineapple based on near infrared
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Original spectra and spectra after different pretreatment methods
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