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Table 1 Statistical results of contents of total nitrogen ( TN) and total phosphorus ( TP) in soil samples

Soil nutrient Number of samples Maximum Minimum Average Standard deviation

TN ( mg/kg) 164 1.736 0.209 0.819 0.476

TP ( g/kg) 164 2.390 0.110 0.530 0.391
1.2.2 .

3:1
123 41 (
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5.6.7 8 o
™ TP 2,
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Table 2 Model results of content of TN and TP in soil samples
. . Laboratory spectrometer Hyperspectral camera
Soil nutrient > > 5 5
R; Ry RMSEP RPD R; R, RMSEP RPD
TN 0.894 0.878 0.184 2.741 0.708 0.808 0.238 2.119
TP 0.813 0.855 0.149 2.647 0.546 0.607 0.244 1.610

Note: R(

Root mean square error of prediction) ; RPD(

Absolute coefficient of calibration set) ; R¥(

Absolute coefficient of test set) ; RMSEP(

Relative percent deviation) o
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Fig.1 Reflectance spectra of soil samples: ( A) Spectral data by laboratory spectrometer; ( B) Spectral data
by hyperspectral camera
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Table 3 Prediction results of contents of TN and TP in soil samples by different calibration transfer methods

TN TP
Calibration transfer methods Rlz RMSEP Rlz RMSEP
no 0.187 1.429 0.147 2.226
PDS 0.141 5.449 0.010 4.570
MP 0.246 0.498 0.162 0.388
S/B 0.187 0.454 0.087 0.378
PDS-MP-S/B 0.598 0.325 0.587 0.258
Note: PDS( Piecewise direct standardization) ; MP ( Model updating) ; S/B( Slope /bias
correction method)
3 3 PDS. MP. S/B ™ TP
PDS S/B R} R} 3 .
o PDS-MP-S/B ™ TP 3 TN
P R} 0.598 0.587 R RMSEP
PDS-MP-S/B
2.2 PDS
PDS-MP-S/B PDS ™ TP
o PDS 3~25 2 PDS ™ TP
26
TN PDS R’ R 0.58~0. 60 RMSEP
0.32~0.34 ;TP PDS R’ (0.52~
0.61) RMSEP 0.25~0.28 o

2 PDS 19 23 ™ TP R? RMSEP
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Fig.2 Prediction results of contents of TN and TP in soil samples in different piecewise direct standardization

(PDS) window width: (A) R? in different PDS window width; ( B) RMSEP in different PDS window width
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Table 4  Prediction results of contents of TN and TP in soil samples in different numbers of standard set
TN TP
The number of standard set R? RMSEP R? RMSEP
10 0.326 0.500 0.512 0.274
20 0.538 0.376 0.572 0.269
30 0.598 0.325 0.602 0.255
40 0.716 0.270 0.593 0.258
50 0.699 0.286 0.609 0.249
60 0.686 0.301 0.603 0.251
70 0.664 0.299 0.594 0.248
80 0.716 0.299 0.647 0.231
90 0.734 0.280 0.638 0.234
100 0.714 0.283 0.636 0.237
110 0.733 0.280 0.642 0.233
120 0.736 0.274 0.643 0.232
4 ™ TP R} RMSEP
0 N 120
R’ 0.736 RMSEP 0.274
TN . TP 80 R’
0. 647 RMSEP 0.231 120 R} 0.643 RMSEP
0.232
TP 0
PDS-MP-S/B 0
PDS-MP-S/B

PDS-MP-S/B o
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Study on Calibration Transfer between Laboratory Spectrometer and
Hyperspectral Camera

LI Xue~Ying' > REN GuoXing' LYU Mei-Rong' LIU Yan'
SUN Zhongdiang' HOU Guangdi' FAN Ping-Ping" '
'( Institute of Oceanographic Instrumentation Qilu University of
Technology ( Shandong Academy of Sciences) Qingdao 266061 China)
*( School of Geosciences University of Petroleum ( East China) — Qingdao 266580 China)

Abstract Laboratory spectrometer is a spectrometer that can only obtain spectral signals by spectrometer and

hyperspectral camera acquires image and spectral information by image. Under the condition of using laboratory

spectrometer the calibration transfer of different temperatures different ordinary spectrometers different

measuring conditions and samples from different regions has been studied. But there are few studies on the
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calibration transfer between laboratory spectrometer and hyperspectral camera. Taking 164 soil samples from
Qingdao as an example the spectral data of laboratory spectrometer and hyperspectral camera data were
obtained in this work. The content models of total nitrogen ( TN) and total phosphorus ( TP) were established
based on the spectral data of laboratory spectrometer. Three methods namely piecewise direct correction
algorithm model updating and slope/bias correction ( PDS-MP-S/B)  were used to transfer the hyperspectral
data. The transferred hyperspectral data were substituted into the content models of TN and TP to predict their
content values and evaluate the prediction effect. Meanwhile the influence of the number of PDS window and
the number of standard set on the prediction results was analyzed. When the number of PDS window was 19
and the number of standard set was 120 the prediction effect after calibration transfer was the best absolute
coefficient of test set ( R7) was 0. 736 and root mean square error of prediction ( RMSEP) was 0. 274. In the
content prediction of TP when the number of PDS window was 23 and the number of standard set was 80 the
prediction effect after calibration transfer was the best R’ was 0. 647 and RMSEP was 0. 231. The solution of
model transfer between laboratory spectrometers and hyperspectral cameras provided a powerful basis for rapid
prediction of a large number of image information data collected by hyperspectral cameras which greatly
reduced the workload and the wide application of hyperspectral cameras in quantitative analysis and rapid
measurement technology.
Keywords Visible near-infrared spectrum; Laboratory spectrometer; Hyperspectral camera; Calibration
transfer
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