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Fig.1 Schematic diagram of Spotlight 400 NIRM imaging
system
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Table 1 Factors and levels of orthogonal test
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Note: scans per pixel was 8, interferometer speed was 1 cm/s, pixel size was 50 gmx 50 um and the wavenumber range was 7 800~4 000 cm’'
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Fig.3 Spectra of melamine at different resolutions
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Fig.4 Spectra of melamine at different scans number
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Kopns <Ko pugs <Kipugs » PGS BRI 32 em™
XFFALAh 3 AN EERE MR R, AKCF AT LR K]
BT SRR = T UAC I 25 SR 55 7 T S EL
MR LRI Rk, HLhNE B H
Kipns < Kopus » H 2980 81 50 18 B B K fE
2.2 cm/s B, AT A g A 1 em/s I (1) 1/3,
FrUA 2 B Mk #KF 1, BT sh 818 shidi i

¥ 1 emise XTI AH Kopys <Kppus » HEDH
Krus <Kopus <Kigus » PR G 5TE, A/ 153 H
PRI TT RN ABICaDs, RIFH 4 2 1) 73
HE% (pixel size) =50 um, T B )ik &
ot i oy
(resolution) =32 cm™, F3iKEL (scans per pixel)
=16 X, FHZFAFFABOE N TT % 10,

( interferometer speed ) =1 cm/s,

x2 EXRRWHER
Table 2 Results of orthogonal test

[X % Factors
v X 5 G 5 sy Jy ]
Testnumber g g e TR i B i RS Time /min
Pixel size/um Interferometer speed/(cm - s™) Resolution/cm™ Scans per pixel /times
1 25 1 8 4 0.0024 50.00
2 25 1 16 8 0.0014 58.20
3 25 22 32 16 0.0012 40.60
4 25 1 16 16 0.0012 118.00
5 25 1 32 4 0.0013 18.30
6 25 22 8 8 0.0025 50.00
7 50 1 32 8 0.0010 20.20
8 50 1 8 16 0.0013 98.40
9 50 22 16 4 0.0021 8.20
K aus 0.0017 0.0014 0.0021 0.0019
K, pvs 0.0015 0.0019 0.0016 0.0017
K s - - 0.0012 0.0012
Ruvs 0.0002 0.0005 0.0009 0.0007
Ko 55.85 60.52 66.10 25.50
Ky rime 42.30 32.90 61.50 42.80
Ko - - 26.40 85.70
Ry 13.55 27.62 39.70 60.20

R3 EXREHENNE
Table 3 Variance analysis results of orthogonal test

AR I R4S F0 .
b/ III Sum of A% ¥y F{i P

Variance squared ]:;ffergzrzf Mean square F value P value
of source deviations
A 1.019x107 1 1.019x107 3267  0.207
B 4.940x107 1 6.422x107 19267  0.056
C 1.194x10°¢ 2 5.278x107  15.833  0.048
D 7.769x107 2 3.011x107  9.033  0.072
R 6.012x10° 2 3.333x10°
Bt 2.599%107 9

2.2 AR F X RENRI = R E RN AL
REIF M

FERE 1 A AN T 2255 FER IR, NN
ARG AR TRBIR,  REEREA P G AT RERG 2
FEA LA A LA, FER LR i A

WA AR HRBR, Sl PR AL, HHR
el TUALBN B RS B I, SRR .
M3 2 AR ZE Ry, S5 R 0T LIS H 4 AN 3T EHER
PRSI )Ty . D>C>B>A,  BIHEIK
>0 o W > WAL B B B 1 > ] 43 7
o KW= D ﬁKm'me <Ky pime <Kspime » BIZE C
ﬁ K3Time <K2Time <K1Time ’ %&% A ﬁm <m 4
K2 B FIRTEREACT 1o PR B USRI R0R
Al AR RN ALBCsDy, RIS
A HER (pixel size) =50 um, TWAEN BB L)
¥ (interferometer speed) =1 cm/s, YGilbsrHER
(resolution) =32 cm™, FHik %k (scans per pixel)
=4 %, ¥ BOE TR 1.

BIF A [R] 41 4 2% Ao o = 2 S e A N0 2550 SR 1) 5%
Wiy, 2 FE Rk /N T 50 pm ) = 28 U ORI S
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W5 0 R A 280036 e v 4 A 2% P 1R 2 T 3 3 26 ok
25um, RATTE S, SR B RI0E ) T &
10, MRPERAERCRIEN 7 E 11 X =R F Lk
TR

LI R P IR = R 3 B O R A
PO N P (VAR mivk & I T e W T A
Sa 7R, s1 4 = RENRRL, s2~s5 N EEKIRY)
30, 50, 100, 110 pm MK, FHIBA = RE5 &
kL, SHZAEARSZ T 5. 104 11 HFEFEE &5
MR RO LM R . THE RMS B2
23 0.0019. 0.0017. 0.0020, ) 554 18.3.
37.0 9min, AJULIX 3 P AAE T OGBS i
TEZEMIL/AN, TR L G RAE I T)  EIL 22 A K

SR G R H EHG AL B AF HyperView V2.0 X6
i EHR AT PCA A3, DRFH0X 10, S5
A R T4y BEG (score3) RS LR
ZRFHLH AT, W S B, W% 5. 10
11 6 &5 K 5b~5d, WAL 3 FlaRE
J7 & B A A5 AR AN [R) JEE B SR = 3R Uk i pr
IR IR R AT, o s2 5 s3 N1 = SR FUI
R 2 MU I H oK, s4 T THI ) = SR SR
FOr 25 SRR 2 e, 5 KA IS TR (1) — 2R UG OR A
BOR 22, M H RS S AR 7% 11 s5
TR R E R PR IR A W 5 2 AN T
12K 56 2 TR [ B A s e T A [) JEE B 1 SRR = R
UL AR I R R 25— e FEBE R sE e, J DR
SR R TP = SR SRR R 1RO 1A 5 A R
59, FRIEGEARIIE . BEAk, B ORFEARR BEAEA
AR AN [N 52 M G 15 PR i, IR — 2R
SRR /I 2 S A 0 68 = A 5 i

2013 4F
s2
s3 o
.
" ®
s4 s5
a. NIRME% b. IRE T ES B =194 EIE
a. NIRM image b. Score3 image of test program 5
- ° - o

® ®

d.ARE T E 1 =15 1%

d. Score3 image of test program 11

. WI% T R 1058 =755 %
¢. Score3 image of test program 10

HWeosl O = HREIERL, s2~s5 R JEFEMKIRZ) 30, 50, 100, 110 pum (1)
S

Note: sl is a melamine particle, s2~~s5 are soybean meal particles with the
thickness of about 30, 50, 100 and 110 um respectively

B5 ARBEZMTZRIAEENLER
Fig.5 Detecting results of melamine under soybean meal
particles of different thickness
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JE A4 B 43 Bt K 6a~6¢ TR, & 6a H pl~
pl6 B A =R E NG = AL, WNEH T EUE H
RIS O i el R -5 0 1 v 7 Nk S P 1 1]
AIARH 3 S AP A RIS KT 50 um — SR U
SR R AST DU R AR ]

@)

1 OFA
S 878

P pl0_ (%)

pl3 pl

2

pll

%gpl Ons

6

o, 00 "

a KT RS
a. Test program 5

b. X5 7% 10
b. Test program 10

e AR KT & 11
c. Test program 11

e pl~pl6 [N = REUEER R

Note: the points in the circles pl ~p16 are melamine pixel points

B6 AH 1%RELHALEE KT 50 um =R AT GBB 2 MERGEN L% R(F =35 B
Fig.6 Detecting results of adulterate soybean sample with 1% melamine of particle size more than 50um (score3 image)

X F 1% 2 B HRLE /N 50 um 1 =2
WRCRTRLR AR 4, R % 5. 10 M 11
REIEH BT LA KR, 4 PCA KRS MG
oGS AN Ta~Tc B, BIHORER> = 2%

WORLALE P FR T 2 MR 25 AR T, (HA R — 2R
JHEORL PRSI R AE 7 %6 10 F 11 oAl i % 5,
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Optimization of scanning conditions on near-infrared microscopic
imaging for melamine detection in soybean meal

Li Jing'?, Han Lujia'*, Yang Zengling®
(1. College of Engineering, China Agricultural University, Beijing 100083, China;
2. Engineering College, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: Melamine is used as a non-protein nitrogen adulterant in soybean meal to increase the protein content,
and it is harmful to the animals. The existing conventional detecting techniques have the shortcomings of complex
pretreatment, high cost, and cannot achieve online detection. Near-infrared microscopic (NIRM) imaging
technology combines the spectral and imaging technology. It can detect the material compositions and visualize
the position. However, different scanning condition will affect the NIRM image quality and the detecting effect.
In this article, a Spotlight 400 NIRM imaging system was used to acquire the NIRM images of the samples. The
influence of the scanning condition on NIRM image quality and detection performance of the melamine in
soybean meal was studied, and the scanning condition of melamine detection in soybean meal by NIRM imaging
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was optimized. At first, 10 samples in which the melamine particles were placed on the soybean meal particle,
under the soybean meal particle, and beside the soybean meal particle were prepared, and the images were
scanned. The influence of different resolution and scan times on the spectral image root mean square noise (RM.S)
were examined by one-way ANOVA analysis. The results reflected that the levels of 8, 16, 32, 64 cm™ of spectral
resolution and the 4, 8, 16 scans per pixel didn’t significantly influence on RMS. Different interferometer speed (1,
2.2 cm/s), pixel size (25, 50 um), resolution (8, 16, 32 cm'l) and scans per pixel (4, 8, 16) were analyzed by the
multi-factor orthogonal experiment. The results showed that resolution had a significant influence on RMS and the
optimized scanning condition (test program 10) was as follows: pixel size=50 um, interferometer speed=1 cm/s,
resolution=32cm™, scans per pixel=16. Meanwhile the following most efficient scanning condition (test program
11) was obtained: pixel size=50 um, interferometer speed=1 cm/s, resolution=32 cm’, scans per pixel=4.
Considering that the melamine particle size may be less than 50pm, another scanning condition (test program 5)
was set by changing the pixel size of the most efficient scanning condition to 25um. Then, in order to inspect the
influence on melamine detection, three other samples were prepared to compare the detection performance of
melamine in soybean meal with the optimized scanning condition of test program 5, 10 and 11. One sample was
prepared with the melamine particles placed under 4 soybean meal particles of different thicknesses. The other
two samples were the mixture samples artificially contaminated with 1% melamine, and the melamine particle
size was less than and more than 50 um, respectively. The results showed that the scanning condition of test
program 5 had obtained a more accurate melamine detecting result for the mixture sample contaminated with 1%
melamine of particle size less than 50 um because the pixel size was 25 um. There was little difference between
the three scanning conditions for the other samples. Therefore, considering the optimized scanning conditions
obtained by the image quality, the scanning time, and the detection performance of the melamine in soybean meal,
the final scanning conditions were recommended as follows: pixel size=25 um, interferometer speed=1 cm/s,
resolution= 32 cm™, scans per pixel=4. The study also indicated that NIRM imaging technology could effectively
detect melamine in soybean meal.

Key words: scanning, optimization, imaging techniques, NIRM imaging, melamine, soybean meal
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