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Figure 5. Score-score plots for each soil group. Upper left: MSC spectra PC1 v. PC2. Upper right: raw
spectra PC3 v. PC4. Lower left: raw PC2 v. PC3. Lower right: raw PC1 v. PC2.

The similarity between two plots is thought to suggest that MSC [full: M = (M—a)/b] played a simi-
lar role with the extraction of PC1 and 2 from the raw spectra. This point can be seen in Figure 6; i.e. the
patterns of loadings of PC1, of MSC and PC3 of raw, PC2 of MSC and PC4 of raw were similar, respec-
tively.

Development of calibration equations for each soil group(s)

The authors then developed calibration equations separately for each soil group(s). The results for
BLS and YS were fairly good. On the other hand, satisfactory calibration results for other soil groups
such as GrUS, GrLS or GIS were not obtained. Rather, when those three groups were analysed to-
gether, better results were obtained (Figure 7, Table 3). In each case non-linearity did not appear.

Calibration development for AS was not attempted, because the number of samples of AS was too
small to develop calibration equations.

Figure 6. Plots of x-loadings of the first four PCs in the PCR results of Figure 4. Left: MSC spectra, Right:
raw spectra
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Figure 7. Scatter plots of the results calculated spearately for each soil group(s) for T-N. Upper left: BLS,
upper right: YS, lower: groups of GrUS, GrLS and GIS.

Attempt to classify soil by soft independent modelling of class analogy (SIMCA)

As seen in Figure 5, different trends in spectral characteristics existed, even in the same soil group,
such as YS in PC1 v. PC2 scores plot from raw spectra.

Therefore, classification of soil, on the basis of spectral characteristics, was attempted using
SIMCA between YS and Groups of GrUS, GrLS or GIS. Although the classification resulst were not
satisfactory, 84.2% of the YS and 93.4% of the “Groups” were classified as “closer to the correct
model™ using raw spectra, 89.5% of YS and 90.8% of the groups using MSC, as well.

When some samples of YS which were classified as “closer to the Groups” are validated by the re-
gression model for the “Groups”, prediction results were not worse than those of the “Groups”. A sam-

Table 3. PCR results of each soil group.

Constituent | Soil group | PCs used Calibration Prediction

RMSE r RMSE r Slope Offset

T-N YS 16 0.0275 0.958 0.0277 0.936 0.941 0.000
BLS 15 0.0115 0.994 0.0251 0.970 1.030 -0.005

Groups 16 0.0371 0.908 0.0341 0.895 1.052 -0.015

T-C YS 18 0.415 0.942 0.307 0.909 0.933 -0.135
BLS 8 0.267 0.988 0.328 0.977 1.046 -0.046

Groups 15 0.414 0.918 0.456 0.871 1.043 0.010

Near Infrared Spectroscopy: Proceedings of the 9th International Conference
© IM Publications Open LLP 2000



Y. Ootake et al.

577

0.0035

0.0030 F

0.0025

0.0020

0.0015

0.0010 |

0.0005

Sample Distance to Model, YS

0.0000
0.0000

0.0020 0.0040 0.0060

Sample Distance to Model, Groups

Sample Distance to Model, YS

0.0035

0.0030

0.0025 | o° o GIUS

oYS

° BLS
GrLS

o GIs

0.0020

0.0015

0.0010

0.0005

0.0000 L = 4
0.0000 0.0020 0.0040 0.0060

Sample Distance to Model, Groups

Figure 8. Cooman’s plots of classification results on the models made for YS and Groups of GrUS, GrLS
and GIS. Left: raw spectra, right: MSC spectra (offset correction).

ple enclosed by a circle in Figure 8 is situated
apart from other samples (Figure 9). In this anal-
ysis, classification results were displayed simply
by comparing distances from the “models”. If the
value of 95% significance limit line is consid-
ered, the classification results may be different
and the sample above may have been classified as
“closer to YS™.*

Issues left for future analyses

In this report, so far, the cause of non-linear-
ity in soil analysis and the fundamental point for
the solution of it have been discussed.

However, developing calibration equations
for separate soil groups was carried out only us-
ing raw spectra. Examination of wavelength
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Figure 9. Scatter plot of PCR result of T-N for the
“Groups” including YS which was classified to
the “Groups”.

ranges, spectra pre-treatments and so on have not been carried out. Also, classification by SIMCA has
not been completed for all soil groups. These issues are left for future analyses.
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