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Fig. 3 NIR absorption spectra treated by different ways
(a): Original; (b): First derivative;
(¢): Original spectra treated by S-G filtering; (d): First derivative+ S-G filtering
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Table 2 Number and value of selected variables by SPA for different preprocessing methods

Number of

Method Preprocessing Selected variable
selected
1 200.73, 1062.36, 1122.77, 1 059.08, 1 258.9., 1068.9, 1 266.97,
1 065.63, 1 268.58, 1072.18, 1263.74, 1 055.81, 1252.45, 1075.45,
Original spectrum 33 1 265.35, 1052.53, 1271.8, 1060.72, 1 260.52, 1063.99, 1 257.29,
1057.45, 1273.41, 1073.81, 1 254.06, 1 070.54, 1 262.13, 1 067.27,
1 255.68, 1078.72, 1278.25, 1054.17, 1 270.19
1337.73, 1139.05, 1090.15, 1135.8, 1093.42, 1137.42, 1 086. 89,
First 1134.17, 1 096.68, 1 132.54, 1 091.79, 1 140.68, 1 083.62, 1 142.3,
derivative 10 1088.52, 1130.91, 1 095.05, 1 143.93, 1099.95, 1129.29, 1 101.58,
1 145.56, 1039.42, 1 147.18, 1 036.14, 1 148.81, 1 042.7, 1 127. 66,
spectrum 1098.32, 1126.03, 1103.21, 1150.43, 1 032.86, 1 305.6, 1 029.57,
SPA 1307.21, 922.37, 1 310.43, 925.68, 1 313. 64
) 1184.52, 1063.99., 1 263.74, 1 067.27, 1 262.13, 1 065.63., 1 265.35,
Original 1062.36, 1260.52, 1060.72, 1 266.97, 1 068.9, 1 258.9, 1070.54,
spectrum-+ 1 1268.58, 1059.08, 1257.29, 1072.18, 1 270.19, 1 057. 1_15, 1 255. 68,
SG filtering 1073.81, 1254.06, 1 055.81, 1271.8, 1054.17, 1 252.45, 1 075.45,
1273.41, 1052.53, 1 250.84, 1077.08, 1 275.02, 1 050.89, 1 249.22,
1078.72, 1276.63, 1 049.26, 1 247.61, 1 080.35, 1 278. 25
1174.79, 1 137.42, 1 091.79, 1 139.05, 1 093.42, 1 135.8, 1 090.15,
First derivative 1140.68, 1 088.52, 1 134.17, 1095.05, 1 142.3, 1 096.68, 1 132. 54,
spectrum-+ 31 1 086.89, 1 143.93., 1 085.25, 1 130.91, 1098.32, 1 145.56, 1 099.95,
S-G filtering 1129.29, 1083.62, 1147.18, 1 101.58, 1 127.66, 1 081.98, 1 148. 81,
1037.78, 1150.43, 1 036. 14,
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Table 3 Prediction results by SPA-PLS models and MLR models

Preprocessing Se_lecled/lalem I?MSE of‘ RMSE of r of r of

variables number SPA/PLS MLR SPA/PLS MLR
Original spectrum 33/27 0.085 9 0.283 3 0.932 4 0.943 1
First derivative spectrum 40/29 0.048 4 0.222 2 0.979 1 0.944 4
Original spectrum +S-G filtering 41/27 0.015 8 0.384 5 0.972 2 0.925 0
First derivative spectrum—+S-G filtering 31/30 0. 007 0 0.099 9 0.998 3 0.967 1
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Water Content Prediction for High Water-Cut Crude Oil Based on
SPA-PLS Using Near Infrared Spectroscopy

HAN Jian, LI Yu-zhao, CAO Zhi-min” , LIU Qiang, MOU Hai-wei
School of Electronic Science, Northeast Petroleum University, Daqing 163318, China

Abstract Accurately and timely measuring water content of the crude oil is of great significance for water injection strategy
adjustment, crude oil exploitation capacity assessment, and oil well development lift prediction. However, at present, most of
China’s oil fields have entered the mid- or late- development stage with high water content. And the corresponding water content
is difficult to measure accurately. Under this circumstance, this paper carried out research on the measurement of water content
of the crude oil using near-infrared spectroscopy. Specifically, commonly employed methods for measuring water content of the
crude oil were introduced, and advantages and disadvantages of these methods were analyzed. Theoretically, since the near-infra-
red absorption band of water is significantly different from the absorption of C—H bond in crude oil, according to Lambert-
Beer’s law of absorption and linear law of absorbance, there is a strong response difference in the near-infrared spectrum of high
water cut crude oil with different water content. Therefore, we proposed to use near-infrared spectroscopy to accurately measure
the crude oil with high water content. And then, by analyzing the measured near-infrared spectrum, non-linear mapping between

the water content of the testing crude oil and the near-infrared spectrum can be established. With the obtained non-linear map-
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ping model, water content of the crude oil can be accurately calculated. In order to evaluate the performance of this method, we
constructed a hardware platform for collecting near-infrared data. In this platform, Incandescent lamp was employed as a light
source, and near-infrared spectrometer (Ocean Optics NIR512) was used to collect near-infrared in range 900~1 700 nm with
512 uniformly divided sub bands. The collected data were stored in the computer using the spectrometer supporting software.
With the obtained near-infrared data, the raw data preprocessing was performed to reduce the influence of temperature and high
frequency random noise, sample unevenness, baseline drift, light scattering, and et al. In this paper, S-G filtering, or first order
derivative, or S-G filtering+first order derivative techniques were employed as the preprocessing method; Successive Projection
Algorithm (SPA) was used to reduce the dimension of the raw data; Partial Least Square (PLS) and Multiple Linear regression
(MLR) were employed to construct the corresponding non-linear mapping model; Root Mean Square Error (RMSE) and Corre-
lation coefficient (R) were used to evaluate the quantitative measuring performance. Experimental results illustrated that: model
constructed using S-G filtering+first order derivative as preprocessing method can achieve the best RMSE (RMSE=0. 007 0, r
=0.998 3); Model constructed with reduced dimensional data using SPA method is better than the one (RMSE=0. 083 3, r=
0. 920 6) constructed by PLS with full band data and the one (RMSE=0.099 9, r=0.967 1) constructed by MLR with full
band. Obviously. although the 31 dimensionality-reduced feature bands obtained by SPA method are only 6. 05% of the full band
data, the corresponding water content measuring accuracy of the crude oil is very promising. In general, we validate the feasibili-
ty of using spectroscopy technique to measure water content of the high water content crude oil, and satisfactory accuracy can be
achieved. Therefore, it can be said that this paper provides a new method for water content measurement of high water content

crude oil, and provides reference for accurately and timely measuring high water content crude oil using near-infrared spectrosco-

py.

Keywords Near-infrared spectroscopy (NIR); High water content crude oil; Successive projection algorithm (SPA); Partial
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