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Fig. 1 FT-NIR spectra of 135 soil samples
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Table 2 The quasi-qualitative prior discriminant mark of PLS

regression corresponding to three different thresholds

Number of samples

The threshold »

M=1 M=0
0. 05 58 77
0. 10 98 37
0.15 121 14

£33 FRFEBRE(LE)MEHRERIIER
Table 3 The waveband division corresponding to the different

numbers of wavebands (k)

Number of

P P 1
wavebands (k) Waveband/cm

i 10 000~8 806, 8 803~7 607, 7 603~6 407,
v 6 403~5 208, 5 204~4 008

10 000~9 406, 9 402~8 806. 8 803~8 207,
8 203~7 607, 7 603~7 007, 7 003~6 407,
6 403~5 808, 5 804~5 208, 5 204~4 608,
4 604~4 008

10

10 000~9 609, 9 605~9 212, 9 208~8 814,
8 810~8 417, 8 413~8 020, 8 016~7 623,

15 7619~7 226, 7 222~6 828, 6 824~6 431,
6 427~6 034, 6 030~5 637, 5 633~5 240,
5 236~4 842, 4 838~4 445, 4 441~4 048

10 000~9 708, 9 704~9 410, 9 406~9 112,
9 108~8 814, 8 810~8 517, 8 513~8 219,
8 215~7 921, 7 917~7 623, 7 619~7 325,

20 7321~7027, 7023~6 729, 6 725~6 431,
6 427~6 133, 6 129~5 835, 5 831~5 538,
5534~5 240, 5 236~4 942, 4 938~4 644,
4 640~4 346, 4 342~4 048
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Fig. 2 The optimal predictive results of the optimal waveband
based on PCA latent variable extraction, corresponding

to the three designated thresholds
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Fig. 3 The best predictive accuracy corresponding

to different wavebands
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Table 4 The iPCA-LR modeling results based on the optimal

selected wavebands or waveband combinations

Optimal Combination Latent Accuracy
waveband/cm ! variables /%
5 6 403~5 208 No 29 92.5
10 8 203~7 007 Yes 20 91.1
15 6 824~6 034 Yes 27 91. 8
15 5 633~5 240 No 28 93.3
20 6 129~5 835 No 26 93.3
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Fig 4

The optimal wavebands highlighted for the full-range
SNV-pretreated FT-NIR spectra
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FT-NIR Spectroscopy Quasi-Qualitative Determination Applied to the
Waveband Selection for Soil Nitrogen

GU Jie', CHEN Hua-zhou' ** , CHEN Wei-hao' , MO Li-na', WEN Jiang-bei’
1. College of Science, Guilin University of Technology, Guilin 541004, China
2. Guangdong Spectrastar Instruments Co. Ltd. , Guangzhou 510663, China

Abstract Nitrogen is an important component to measure soil fertility. The traditional chemical method for detecting soil nitro-
gen content is complex and time-consuming. Fourier transform near infrared (FT-NIR) technology is utilized for direct and rapid
quantitative determinationof soil nitrogen. Nevertheless, the calibration models always perform too ideally well to believe when
established by the linear analytical methods, like partial least squares (PLS). That is not convinced for the practical application
in on-line detection. In this paper. we proposed a fault-tolerant mechanism to be plug-into the quantitative analytical model,
transforming the FT-NIR quantitative mode into a quasi-qualitative discriminant mode. In this way, the application ability of the
calibration model can be enhanced. A new discriminant method was proposed for quasi-qualitative determination by combining the
interval search principal component analysis algorithm with logistic regression (iPCA-LR). The nitrogen contents of soil samples
were firstly predicted based on the common PLS regression. The fault-tolerant threshold was set as three different values of
0.05, 0.10 and 0. 15, respectively. The samples were marked as accurately or non-accurately discriminated according to the pri-
ori predictive values and the thresholds, so that the original quantitative calibration method was transformed into a new quasi-
qualitative discriminant method. The iPCA-LR method was applied for the FT-NIR quasi-qualitative discrimination of soil nitro-
gen. In the same process, we also discussed the latent variable extraction based on different wavebands that were generated by
tuning the waveband division number as 5, 10, 15 and 20. Some informative FT-NIR wavebands were selected with optimal dis-
criminant accuracy. And some combination of informative wavebands were also tested. Results showed that the FT-NIR quasi-
qualitative discriminant predictive accuracy varied significantly for different thresholds, but fortunately the worst optimal accura-
cy climbed tothe level slightly above 75%. And the test of different informative wavebands or the combination of informative
wavebands output optimal calibration models with the accuracy above 90%. These results were able to meet some practical cases
of online detection. In the application of FT-NIR prediction of nitrogen content in soil samples, the proposed method of iPCA-LR
manage to transform the common quantitative prediction problem into the quasi-qualitative discriminant problem when combined
with the priori PLS prediction. The newly proposed method deals with the disadvantages of overfitting and overidealistic model-
ing that always appears in common PLS quantitative analysis. In comparison, the quasi-qualitative discriminant mode is more

suitable for actual cases in field detection, more beneficial for real-time application of spectroscopy technology.
Keywords Soil nitrogen; FT-NIR; Waveband selection; iPCA-LR model; Quasi-qualitative determination
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