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Abstract: Dehydrated milk powder serves as the fundamental raw material for formula milk, and its place of origin
affects the quality of terminal dairy products. In this paper, a method for discriminating the source of dehydrated milk
powder by employing electronic nose technology and utilizing a one-dimensional Laplacian convolution kernel is proposed.
Sample data is collected using an electronic nose, and after temporal signal alignment, various orders of one-dimensional
Laplacian convolution kernels are applied to extract features. Additionally, other feature extraction methods such as statistical
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numerical features, fast Fourier transform, and discrete cosine transform were compared. Subsequently, partial least squares

and visualization were used for separability analysis. Experimental results revealed that the fast Fourier transform, discrete

cosine transform, and second-order one-dimensional Laplacian convolution kernels effectively improved separability relative

to the original features. The R’ effect size of partial least squares was increased from 0.61 to 0.95, 0.96, and 1.00. The one-

dimensional Laplacian convolution kernel feature extraction method was able to accurately distinguish between domestically

produced and foreign (Australia) base powder. In a case study, it achieved the best discrimination effect, indicating that it

can effectively extract time response features of electronic nose channel sequence signals. This method can facilitate the

differentiation work of dehydrated milk powder samples in China and Australia, providing technical support for the rapid

identification of dehydrated milk powder sources.

Key words: electronic nose; milk powder; partial least squares; Laplacian convolution kernel
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Fig.3 Schematic diagram of sample alignment

XS T 5 AR AR R B LSRR L = Fox 5
JHERIEE R, 5 — R TR 07 B ME B 577
IREARHOR MW, (HAE WA BB R BE -

111 275 A AR AR S (10 77 15 ) 45 2R AR
B MIUNEEARE, RS BARFEAR IR
I 2 o

S =M EAE AR SRR e, 5 H
PREEAS ) 22 B, [RINZ T IR T B, Jo e
SIS HOR -

PRIE, e &350 = A J5 RBEAT X5, 58 O
FrJa s R MEAEEIOSH R, WlE 4 Bros.

— &% #5i@iE Sensor_3 A& &A% E Sensor_ 8
\ — feaEIESensor_4 A4 & 2% @ iE Sensor_ 9

i\ 08r — A 3@ E Sensor_ 10
g A& KA )@ B Sensor_ 11
= 0.6 N — LI 5@ Sensor_ 12
Py / — f& &A@ E Sensor_ 13
M 04
L
02+
0.0 i 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700
I 1] / ms
FEA2 — fER Bl Sensor_0 — {E it Sensor_
— fEERE @ ESensor_ 1 — &K% Sensor_ 6
08F — GBI Sensor_ 2 — f£/ 2% 1 Sensor_ 7

— LK ARIHIESensor_ 3 — f£® $%iH 1 Sensor_ 8
— (K@il Sensor_4  — fE KA@M Sensor_ 9
— fh &A% @B Sensor_ 10
— fR IR AR B E Sensor_ 11
— {2 E Sensor_ 12
— {L &A@ E Sensor_ 13

0.6

A ZE [ (ms™)
=

0.0F

0 100 200 300 400 500 600 700
B (A / ms
E 4 A EER EHEATEE

Fig.4 Samples after preprocessing

22 FFAERE

FH T FE T B 5500 I £ 2 I ) A8 A P —
A =5 TS N NSRSy | PSR Py A Y
M) — LB SRR R 7 &= At iR s, A
SEOGSEIL T 2 ARRIE SR AU vk, R XS L T
X E PR v] 431 RS
221 JRIEHFAE

B PR B AR AR T ST R
BB P — DK B AR NRIE . X Fh 512
AH T B MO R AE R, T 2 BB SR 4R
(REAE . AR T IR, FH Sk b5 At 2E 500 L,
DL B % LT 43 P X
222 HFRHERKITE

BT, BRATY TR REAE AT — e A R
KR, B ER R4 T S G T B B — B R AE
saih g, s g EE, —i S8 AuC
M KME. fw/ME, —Fr 3 AUC g KE.
B/MESE
223 fHE=t T

B P T R R T N AN I T i 46
TEEAT W 3 S AU e A, BB O L AR e (A

243




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.5

XD, EHEHUE R AR TR R K. A TR
B, SRR P R B AR R, BRI B
E EL A e (S BRI S R A, AL B . gk
R P TSI TR AR 8 ) 7V

Xm)=2 ,jlv;(l)x(n)eﬁ“”"’w (1

A

x(n)——1% 5 F 24 RAE;

X(m)——15 % B3 R Lt Rss R

N——15 % Skl RHEIAE;

m—— BN E T T B AR A

n——1% % B AR LA KA K AES
224 BEURELIHR

SRR R 0 B S 5 = RO IR R L, R
A B AR e 1 — P A, RIS R 5% AR R
HR R 2 — A ROV B R B, — A B AR
BN, HEFITE, NHIHERZIE
B, MFEGEE R, 254 FFT Al DCT J& 45
fEREEWE S fios.
a

T
B 5 233 FFTR DCT M4HET=E
Fig.5 Schematic diagram of the characteristics of FFT(a)
and DCT(b)
7Z: (a) FFT; (b) DCT.

MREMESIE, 28 MERBEEAET
IR 7o MIEL S R LUE Y, ARSIZ SRR 73
PR E BN 0, BRI AR Pk 52 56 P A A

244

FET A1 DCT i 3 AR A0 ) £ e, B Al 2R B K 2 %k
MIfE S, SERRFIER A, AKX SRR FFT At
Al 5% AR ARAZ & A DCT $53 H Ai 10% 141K 55 B
I E SRR AL o
225 —HILFEIAER

B LL_EAH IS TR A O AR AR 3R O 400, K
Wtk it T — 4B BRI U k. SITiER
M — e B R i 5 7 5 RS ST B s S, it
15 26 BUZ SR UG FIBTRRIE . A SRR
e 6 U AR R AL BTSN Y2, X
G PRI AN R I SR, IR R A e
ANt HEAA AKX
laplace(f)=%+%+§7{+m

®2 TEMBHEEEEF

Table 2 Backward difference operators of different orders

(2

Bt POy T
0 (R4
) 1]

1 [1,1] . FW

2 [1,-2,1] ' 'U

3 [-1,3,-3,1] UH'U'm
4 [1,-4,6,-4,1] = H =
................ 0 0
5 [-1,5,-10,10,-5,1] [ H _
U O

6 [-1,-6,15,-20,15,-6,1] O

[1,-8,28,-56,70,-56,28,- N M

- 00




R EmEH

Modern Food Science and Technology

2024, Vol.40, No.5

AR FE K F I — 4 23 (] Hh B 8 4 B %, (RIS
e —HZE S E T . R 2 51 T AR
B JG R 243 5 (Backward Difference )

23 B4

L FHESE UG, BATHEE A RELE AR H AT
RKHB 73 AR MR TEAR ] 2 7 Wik B4, (HZ 5%
ABEAMM AR (RAZE) KER, HEAR
S R T R B, R g A T AT R 4R AL
R JBLo T i F5 /1 3R [ V92 i S B FR) 7 o B REAR
G AR R ARG RIE R, SRR R
A, IR RGP IR RN, HR ARt
T T #rid. Bk, AU R i e/ — 3
[ A AT P4
24 oMt H R

B e BEAT AN R RFAE SR BU5 35 (0 m 2 PR v 5 AT
A B, B B RS AR SR BT 5 R 2 R AN
Ao AR S5 0 AT 3 AT A AR AR T PLS 1 R
M. R RFRAUGTE M — e, FEIHE
FEAR IR ZE . R IOMEBOR, WIS e, R4
R, ARIZRFE SR U IR0l o Py, 3

N
SSR SSE o (v
ook SSE | 2n ) (3)
SST ~ SST — XL (yp)
BN

SSR ( Sum of Squared Regression ) —— & )2 -F 7 Fa;

SSE ( Sum of Squared Error) ——¥-FF FoRE 7 £;

SST ( Sum of Squared Total ) ——% % -F 7 #=.

R (B 19402 1.00 43, Ut BHARAE A8 21 1] )
RN e 8% 50 BE 2 1 4y KRR, R 8 2R 41k
LA RFE R 73 VR ZE N, AT e 2245 2 L R 4G
FEAE AR 53

3 #R51HE

31 EBAR

SEIG BARGE RIS, fnl AT e, SRHE
251K 3 P,

AR AL T 6 BT

MRS Ih St R I, S B AL B, (8
KRB R IGE BABAG 041 15 S 5/
TR AR LR, I FE R AT AR o S T AL

K, RIUFEIRRFE S — B SRR A S
B, WK, R, mAME. RS, 1E vk
TEAE T 0k B T e o M TS 4 ) R e £ B
I 23 0 A1 B SR T2 AR A R AE A5 31 1 g g ]
Ik, TS P — R ar 34 AR SR B R RS A A
ARGRIIT k. BEAh, ASRIRIEXS LE 1 AN [ B KL
2057, SR NE FE PLS 1 R B
B EOAEH T 1.00 BHKE.
®3 ASMERIR
Table 3 Separability score table

HFAE Mrak  TToHEAFS
RIEHTAE 0.61
HFRFIRR G E 0.66
N/A
5% FFT 0.95
10% DCT 0.96
1 0.99
2 1.00
3 1.00
IV . . 4 1.00
— 45 J T A AR
5 1.00
6 0.93
7 0.97
8 1.0
O Y=0 (24)
® Y=1(23)
[+ o D"'. ) _\»
® - O
~ - )
(=] ® '®) = i ® "2,
L O N
® o
o © ® 0.' " >
o g ® o
@ e
JE AR E
O Y=0(24) - o
® Y=1(23) o
O o
© (6 O O
0© of o o »
. o
- se °°% @ °
o o ® o ®
<)
e® " °®
™
PGSR YNE NI

245




HREEEH

Modern Food Science and Technology

2024, Vol.40, No.5

° O Y=0(24)
° .' ® Y=1(23)
® o9 ©
® e .° %
:. ° o ¢1 >
® o
] C k“‘;ﬁ) -
5%ACAFFT
o Y=0(24)
® t ® Y=1(23)
P ®
o®g0 C
: . %
D (0.
e o9 o OO%
® o B o
o
@ o &
O o}
O
O
10%{&AIDCT
O Y=0(24) ®
® Y=1(23)
@
&P ©
°
g ’
o .
EUALE ORI A

6 HHREL A S 1ER) PLS Bm B
Fig.6 PLS scatterplot of dataset separability

32 i

LI AR TN, PURME RN AR, EHR %A
o, —dER B SRR TR R 1 W] o PR R
W, RV A FEAR FIEET 95%. 96%.
100% B2 2, B EAR T BRARHRIE, Ref%5E
SR [ A B FE AR ) X 4 TAE, AP ssE
Wik Fobr R VF IR AEBOR SCHE . Horh — 4 i) hn it s 17
LAEAE RAE, ENHRE BB 2T 100% 528
MR, Ul B L RRE A SR E R H T 5 % I TE T A
5 [T R e S AREAE

FH IR AT R IARAY LR A /£ Code Ocean Chttps://
doi.org/10.24433/C0.4661162.v1) I, LU{#E T H A

246

WEFEN AEH

J& R 5T AT DA 2% R = Bl R A B BT V2 AR 4
& PR FR ) A — R T, DUER
FA A iy B A b G T S AT e

A Sk

(1] M I, AR @ e, 55 T B4 5 0AVA T R G 8
7 7K PR R A s B KGR T PR 5[] o ot 2 A
2021,21(3):351-359.

(2]  UREE & T SO —— R SR I A S
FH 0] K240 24,2021,36(9):141-148.

(31  Efh,m Tt 7 S AE A AT M A R B e (7] o
I 1,2022,47(10):198-200,205.

(4] B3R, I, AR MR, 55 B T i T BIGC-O-MSHR
3 AT A I 2 A R B 2E S 0] R A
2022,22(12):267-28]1.

(5] 0k, M E L IET d 7 5 5 R MR IE SR U AR KR A
i 2 BRI T T I [9]. R £ 2441, 2016,16(6):218-224.

(6] fRIBHAR, BRFHE, 0K T4, 5 2 T8 Be o T 5 (1 B R0
JTERIWTTE (] 2 41R,2012,12(5):168-173.

[71 ADAK M, YUMUSAK N. Classification of E-nose aroma
data of four fruit types by Abc-based neural network [J].
Sensors, 2016, 15(11): 27804-27831.

[8] TOHIDI M, GHASEMI-VARNAMKHASTI M,
GHAFARRINIA V, et al. Development of a metal oxide
semiconductor-ased artificial nose as a fast, reliable and non-
expensive analytical technique for aroma profiling of milk
adulteration [J]. International Dairy Journal Volume, 2018, 77:
38-46.

AT R [J]. o L0k, 2022(10):57-64.

[10] ARMEFF, MR X EZE FET o 7 B B “rf]” 4
PyRR I [CL//Hh B i B B o i R
AR5 T A 2 AR DY s R 0 7 & ol R R e
SR WL RV R G LIRS & SR 705 %
TRV BEAR 2R WL R e [ A BR A 7,2007: 1.

(11 55 i A v i, 40 1 R 4 7 i = 95K " DNA) ot &1
A B A=A B 45 Bk M [7] .6 5 R B 1k, 2022,48
(18):249-255.

[12] XL, A8, R R 5 E NS LR 5 2 2 IR AR
VAT AT RO T TS EONRIAR ] B S R
FH%,2014,50(5):90-96.

[13] YAN J, GUO X Z, DUAN S K, et al. Electronic nose
feature extraction methods: a review [J]. Sensors 2015, 15:
27804-27831.

(141 FESCHE, T b B8 e 5 T /> 3 Bl 5 1 4F F H & il
TR FE (0] 5 ] HUPL AR 27441,2003,10:17-21.






