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Fig.1 Physical map of hyperspectral imaging system
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Fig.2 Originalvis/NIRS curve of compound feed samples
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G as R % 1.

1 RARARRFEEERASZBEHER(n=103)
Table 1 Statistics of main nutritional components

in formula feed samples %

% Y FRIE R
Component Range of content Average SD
HLEE A Crude protein 12.80~34.30 20.60 5.30
MK 43 Crude ash 3.43~21.88 7.43 2.75
JK 4 Water 1.92~20.32 10.10 3.20
B Total phophorus 0.39~1.56 0.81 0.26
5 Calcium 0.56~1.67 0.90 0.23

22 REBAMNSIR

T R G R R B eI R B A 2 I E
{6 45 A RLAT -2 2R 5k 25 TR X S & )R 32 838 37 I
ORR S REARBEAT HIBR . S5 AR BT MUK 4y K43 A
FEREAS [ S W BEAR RO 0 A B B R W REAR B
9 BEESREREABCOY 14, BERFWHEEAS &
BRI S EGITATIR K 2,

R2 FRREEEAEENEFRDEEZHER
Table 2 Statistics of main nutritional components
after eliminating outliers %
WA FEH -
A e " T bR
. Outlier Range of
Component Average SD
number content
Hl
*‘ &H . 9 12.80~34.30 20.63 5.35
Crude protein
TR 4
*‘ Koy 0 3.43~12.50 7.21 2.23
Crude ash
K4
k9 0 4.35~17.68 10.04 3.07
Water
B
1 0.39~1.56 0.81 0.26
Total phosphorus 7
@; R 0 0.56~1.67 0.90 0.23
Calcium
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Fig.3 Correlation coefficient of crude protein(A),crude ash(B) ,water(C) , total

phosphorus(D) and calcium(E) content and hyperspectral wavelength
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F 3Dt R ] AS-HEFD+ SNV 75 H 45 11E i B B 2 A%

Ttk E R B RE Hy 0.837 3, ¥ 7 # iR 252 RMSEC
R 2.1327 % AR A3 BT iR 25 RPDe A 2.485 1, 13 B fir
SR TR T A L A 2 3 S 5 %o TR R 43k U L A
R B P ST I B A L 4 il B A R RS R AF L
fIE P B B g B R R O 0.793 2, RMSEC
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X F R 5, R AS+FD+ SNV il &b B 5 92,
TEFFAE I B ST AAS IEA R R2 40,603 8, RMSEP
90,1656 % . RPDe R 1.570 0, 52 {5 55 45 51 751 I i
B — W 221 X TR UL, R AS+ OSC+ De-
trend Ak B 7 2, 76 HRRAE i B A AR A 1) s SR
SR T4 Upk B A ) 23 SR 00 DU (L 5 5 3000 {1 ) 1) 25
PEAE K, R XA 0.478 4, RMSEC 4 0.1676% ,

RPDcHy 1.372 3,

DRI UE . S 15 EAR AL B S0 AE 7, F
FH B A G 3% T A B T 1, TE R AE I B ST A RLEE
FIORL K 43 7K L B B A (Y RT3 21 A0 Ot 3
PLS A, 43 XAl 57 56 UF 4R 25 0038 5% 1843 19 % i
HEAT UM . PLS 455 R 50 31F 48 A A 1) 5000 45 1 45
R4,

R3 REEARBERATEERMS PLS HESHEITER

Table 3 Statistical results of main nutritional components hyperspectral PLS model performance parameters

% T Aok B K /nm e IE4 Calibration set
Component Pretreatment Wavelength R% RMSEC/ % RPDc
. 4 Full wavelength 0.814 5 2.277 2 2.327 4
M2 Crude protein AS+FD+SNV BB Full waveleng ?
656.25~1 028.07 0.837 3 2.132 7 2.485 1
423 Bt Full wavelength 0.786 3 1.027 5 2.170 3
MK 4> Crude ash AS+FD+SNV BBt Full waveleng
643.69~1 041.37 0.793 2 1.010 7 2.206 4
4 Bt Full wavelength 0.546 9 2.064 3 1.487 2
p < <~
K4y Water AS+ OSC+ Detrend 403.77~622.34
0.647 0 1.822 1 1.684 9
1020.53~1 041.37
B AS-LFD4 SNV £ B Full wavelength 0.595 6 0.167 4 1.553 2
Total phosphorus _
711.52~1 019.28 0.603 8 0.165 6 1.570 0
) 45 B Full wavelengtt 0.477 6 0.167 7 1.371 5
i Calcium AS+OSC+ Detrend BB Full wavelength ’
722.83~1 034.35 0.478 4 0.167 6 1.372 3
R4 PLSEBEWFEERMABTMNEIHTER(BIEER)
Table 4 Statistical results of main nutritional components NIRS PLS model performance parameters( validation set)
% AL B WK /nm KiE 4 Validation set
Component Pretreatment Wavelength R% RMSEP/ % RPDy
ML Crude protein AS+FD+SNV 656.25~1 028.07 0.777 8 2.6155 2.114 3
MK 4 Crude ash AS+FD+SNV 643.69~1 041.37 0.775 8 1.061 1 2.120 4
403.77~622.34
IK 4> Wat AS+ OSC+ Detrend 0.631 4 1.600 3 1.937 1
kir Water elren 1020.53~1 041.37
J i Total phosphorus AS+FD+SNV 711.52~1 019.28 0.467 2 0.191 6 1.357 0
5 Calcium AS+ OSC+ Detrend 722.83~1 034.35 0.440 6 0.175 5 1.310 5

MR A T TR R AR B BORLEE 1 9 bR AL 1) RS
4 0.777 8, RMSEP 4 2.6155% ,RPDy N 2.114 3,
T FH 0 R TR T b A e S0 S N SR R T
SR LA 1 & e A b s BLK 43 RS O 0.775 8,
RMSEP 3} 1.0611% ,RPDy 2 2.120 4, 13 W 4 % {1y
U A e A g AR TR I 4 3 SE A L fig T S BR
SERAIT KB RY 0,631 4, RMSEP 2l

1.6003% ,RPDy &y 1.937 1,52 5 5 I 1 =2 [4] 1)
22 PR AR B TRORG B A 1 3k — 2D 48 R 5 BB Y T A%
WA % VK AE4E ) RY N 0.467 2, RMSEP W
0.1916 % ,RPDy >} 1.357 0, 8 B 45 A 68 JH T 52 b
N s 85 iR R 06 UF 4 e @ R B RY UK
0.440 6, A5 7Y [ T I P B AR 25 . AS B T 58 By it
G3HT
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Inspection methods of feed main nutritional components

by NIRS and hyperspectral imaging

FU Miaomiao LIU Meiying NIU Zhiyou

College of Engineering s Huazhong Agricultural University sWuhan 430070,China

Abstract 403 samples of compound feed were collected to study the rapid detection methods of hy-
perspectral imaging used to detect the nutrition components of the compound feed. Visible/infrared re-
flectance spectroscopy information of samples was collected by hyperspectral imager and leverage-
students residuals were used to eliminate outliers.Sample set was divided by the method of CG,SPXY
and K-S according to the proportion of 3 ¢ 1.Combined with different spectral pretreatment methods of
MC,AS,FD,SD,OSC,MSC,SNV,Detrend and their combinations, the optimal optical wave length was
selected by correlation index.Partial least squares (PLS) stoichiometric methods were used to establish
the quantitative analysis model of crude protein,crude ash, moisture,total phosphorus,calcium content in
compound feed based on hyperspectral image technology. Through validation, the validation set decision
coefficient R% of crude protein, root mean square error RMSEP, and relative analysis error RPDy was
0.777 8,2.6155% ,and 2.114 3,respectively. When the R% of crude ash was 0.775 8, RMSEP and RPDy
was 1.0611% and 2.120 4. When the R% of water was 0.631 4, RMSEP and RPDy was 1.6003% and
1.937 1.When the R% of total phosphorus was 0.467 2, RMSEP and RPDy was 0.1916% and 1.357 0.
When the R of calcium was 0.440 6, RMSEP and RPDy was 0.1755% and 1.310 5.Comparing those
models, the effect of the optimal model of crude protein and crude ash established by the hyperspectral
image technology was found to estimate performance better.Both of them can be used in the actual quan-
titative analysis. The quantitative analysis model of water prediction accuracy is still not ideal and needs
to be further optimized. The quantitative analysis model of calcium and total phosphorus prediction abili-
ty is poor and cannot be used for quantitative analysis.

Keywords compound feed; nutrition components; hyperspectral imaging technology; rapid detec-
tion; partial least squares
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