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8 Ocm™!, 32 s InGaAs 30 s 29 51
2 cm, 3,3 s 78
30, 50, 06,
13 001 GA s
GB/T 5009. 5—2003 R/ (1+ RMSEP) s
3, GA 1 s 1
1 , 0
s s s s : 3999 64~ 4192 499 em™!, 4983 15
~ 5176 01 em™ ', 557326~ 5 766 12 cm™', 6 360 08~
6552 93 cm™', 7 737 00~ 7 929 86, 8 327. 12~ 8 519 97
Table 1 Statistic results of the protein content em ', 8 720 52~ 9 110.08 ecm™ ', 9 310. 64~ 9 700 19
measured by the standard method em™ ! GA s 1557
Number of samples Mean Max Min SD° 510
Calibration set 114 153 224 107 265 1421
Validation set 26 152 196 112 249
# SD: Standard deviation 1.0
y £ 0s
NIR , , 3 0.6
Co C
c, ’ 0.4.&! 0. !O ,'uu;r.no'vi »u,'n'lo(:‘
Co= C+ Crt § (1) 10000 9000 8000 7000 6000 5000 4000
C PLS ] Wave nun.ll)er/cm ‘.
Fig 1 Result of GA region selection after MSC
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, 1 , NIR (2) GAPLS+ PG ANN C o
(12, 4, 1) ANN 2 GA- PLS+ PG ANN
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Table 2 Statistic results of the validation set
No Co Cir Cor Co No Co Cr Car o
1 17. 2 17. 66 - 037 17 29 14 135 13. 17 Q32 13 49
2 12 1 12 46 -04 12 03 15 11 2 11. 80 Q 09 11 89
3 18 5 18 56 -0 18 52 16 13 8 13. 43 Q14 13 57
4 15 4 16 01 -0 15 77 17 13 4 13. 38 Q10 13 48
5 18 0 17 29 0 60 17 89 18 11 6 11. 97 - 027 11 70
6 151 15 13 -0 15 09 19 12 7 12. 94 Q0 02 12 96
7 14 1 14 07 0 05 14 12 20 14 7 4. 76 Q0 03 14 79
8 19 6 18 87 0 45 19 32 21 12 4 12. 71 Q12 12 83
9 13 2 13 19 -003 13 16 22 132 13. 15 Q0 03 13 18
10 17 3 16 31 0 96 17 27 23 177 17. 29 Q22 17. 51
11 19 2 20 01 -0 19 47 24 16 8 16. 52 Q25 16 77
12 157 15 12 0 04 15 16 25 18 8 18. 91 - 023 18 68
13 130 13 15 0 02 13 17 26 16 0 15. 70 Q0 26 15 96
Table 3 Statistic results of the calibration results
M ethod Pretreatment Factors/ BP structure Calibration Velidation
R RM SEC r RMSEP
FrPLS MSC+ 1D* 9/ - Q0 986 0 433 Q 978 Q511
GA-PLS MSC+ 1D 11/ - Q0 990 0 369 Q 980 Q0 440
GA-PLS+ PG ANN MSC+ 1 D+ PCA 11/12- 4- 1 Q0 996 0 185 Q 995 0 235
*# 1 D: First order Derivative
3 , GA-PLS FrPLS , RM- NIR RSGA s GA-
SEC 0 433 0. 369, RMSEP 0 511 PLS ; RS GA PCA,
0. 440 GA-PLS 1 557 PG ANN ; RMSEP
510, RS GA s
) 26 )
FrPLS GA-PLS GA-PLS+ PG ANN
GA-PLS+ PG ANN GA-PLS s RM SEP : 0 511, 0440 0 235,
s R RS GA , ;
r 0990 0980 0. 996 0 995, RMSEC s
RMSEP 0369 0. 440 018 0235 3) s s
RS GA R 5
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Improving the Prediction Model of Protein in Milk Powder Using GA- PLS
Combined with PC ANN Arithmetic

SUN Qian, WANG Jix hua, HAN Dong hai
College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China

Abstract T he present paper presents a new NIR analysis method with partial least square regression ( PLS) and artificial neural
network (ANN) to improve the prediction precision of the protein model for milk powder. First, an efficient method named re-
gion selecting by genetic algorithms ( RS GA) was used to select the calibration region, and then the GA PLS model was made to
predict the linear part of the protein content in milk powder. And then in the region selected by RS GA method, principal com-
ponent analysis (PCA) was calculated. T he principal components were taken as the input of ANN model. T he remnant values by
subtracting the standard values and the G A PLS validation values were regarded as the output of ANN. The ANN model was
made to predict the nonlinear part of the protein content. The final result of the model was the addition of the two model s valr
dation values, and the root mean squared error of prediction (RMSEP) was used to estimate the mixed model. A full region PLS
model (Fr PLS) was also made, and the RMSEP of the Fr PLS, GA-PLS and GA PLS+ PG ANN model was 0. 511, 0 440 and
0. 235, respectively. The results show that the prediction precision of the protein model for milk powder was largely improved
when adding the nonlinear port in the NIR model, and this method can also be used for other complex material to improve the

prediction precision.
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