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Abstract Feed with copper can accelerate the growth of pigs significantly, so it is common to find feed with excess
copper content, but excess copper brings serious consequences. Laser induced breakdown spectroscopy (LIBS)
technology is used to quantificationally analyze the copper in pig feed rapidly. Competitive adaptive reweighted
sampling (CARS) algorithm screens 22 important wavelength variables which are associated with copper in pig feed
with compression ratio of 1.1% . Finally, partial least squares (PLS) regression method is applied to establish the
prediction model of copper content in pig feed based on the 22 important wavelength variables, and the copper
content in prediction set pig feed samples is predicted. The results show that the CARS-PLS model has higher
prediction accuracy and prediction ability than full spectrum-PLS model. The correlation coefficient, the root mean
square error of cross validation and the relative error are 0.978, 19.25, 5.59%, respectively. CARS algorithm can

effectively optimize the LIBS online detection model of copper in pig feed and improve the prediction accuracy.
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Table 1 True content of copper element in pig feed samples
Sample Mass fraction /10 ¢
1 8.61
2 28.97
3 38.96
4 85.24
5 89.15
6 153.00
7 167.72
8 173.29
9 192.45
10 202.22
11 206.13
12 220.03
13 255.55
14 305.30
15 359.27
16 368.75
17 424.59
18 433.53
19 477.04
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Fig. 1 Schematic of LIBS system
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Fig. 2 LIBS spectrum of pig feed samples with copper
mass fraction of 4.2459X 10 " in 322-329 nm band
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Fig. 3 CARS variable preference diagrams of pig feed. (a) Trend chart of wavelength number; (b) trend chart of RMSECV;

(c) trend chart of wavelength variable regression coefficient

3.2 PLS BERERIRBEIE

& 4 k4 iE-PLS BRI TN 25 5L . 18] 4 w]
S AR i Cu JCER & B i U A 5 L S =2 1]
AR R® R 0.9676, UM AEFE S Cu TR & &
()R 55 LS 2 (Rl A AH DG R AL R* 2 09533,

TS BE BRI R Cu ST R B & AL R
i CARS-PLS @7 MR, I X i 56 285 R 0 47 2 1 4%
Br. B 5 BEERE SR Cu JCR & =Y LS H
FNTIOI A 22 (1] f9 A5G T4, 18T 5 (b)) Sy 50 780 5%k 5t ) 4

S TR S B, b &5 R A A
T 25 S A b, FEREAE AR SR Cu o & i O (E
HESEZ MMM ERE R S 0.978; Fl il 45 # &
o Cu JC R & B W PRI AE 5 B SE B 2 [A] (9 40 5 R 2
R? 24 0.9932,

1 CARS Bk £ 1Y i 1K A48 5 R ] PLS &2 X
B AR, I 5 4Ok PLS 28 X6 UE 45 5 R 4T 1
. & 2 A, CARS & &% £ 77 % RMSECV
EE /N S AR A E D 22 4,

023001-4



55, 023001(2018)

ANSHBIZFHRE

www.opticsjournal.net

= 500(®

g

= 400} 3

= :

‘% 300

£ 200} g

S " R?=0.9676
g 100r y=0.972x+7.16
=] oo

(<] O - L 3 s X N
£ 0 100 200 300 400 500

True mass fraction /10-¢

= 400} ®
S 350

R?=0.9533
y=x-"1.35

0 100 200 300 400 500
True mass fraction /106

K4 2Juif-PLS BB AS R . () AR 5 (b) Fl 46

Fig. 4 Predicted results of all optical spectrum-PLS model. (a) Modeling set; (b) prediction set
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Fig. 5 Predicted results of CARS-PLS model. (a) Modeling set; (b) prediction set
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Table 2 Modeling results of all optical spectrum-PLS model and CARS-PLS model

Modeling Variable Modeling set Prediction set
method number R? RMSECV R? Average relative error /%
All optical spectrum-PLS 2048 0.9676 24.51 0.9533 10.86
CARS-PLS 22 0.978 19.25 0.9932 5.59
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Table 3 Predicted content and true content of Cu element

in pig feed samples in prediction set PLS model

True Average
Predicted mass
Sample mass i relative
~ fraction /10°°¢
fraction /° error /%
1 38.960 44.80 14.87
2 89.150 88.52 0.54
3 153.000 138.93 9.19
4 173.290 153.91 11.03
5 192.450 178.57 7.00
6 220.037 231.04 5.02
7 256.550 240.00 6.25
8 368.750 367.30 0.46
9 305.300 296.66 2.73
10 424.590 408.90 3.79
11 433.520 436.73 0.63
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