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Table 1 Effect of contour coverage on identification accuracy of surface wetted area
Wi B %iﬁ*ﬂ Actual aria/mm2 iE%Uﬁ*E Identification a:ea/mm2 i,‘:l‘ic'zlJ PR Identiﬁcation:rror/%
Slope gradient/(°) Contour coverage/% Bt L st DL Bt DL
Silt loam Sandy loam Silt loam Sandy loam Silt loam Sandy loam
20 15511.738 14 328.135 15 562.491 15 594.105 0.327 0.531
40 15761.821 14 561.384 16 072.355 15552.819 1.970 1.326
50 15938.725 15120.158 15 771.057 16 090.780 1.052 0.954
0 60 16 229.113 15 685.387 16 069.754 16 593.943 0.982 2.248
65 16 579.546 15964.812 15984.879 15729.513 3.587 5.127
70 16 600.625 16 534.952 14 076.157 18 665.577 13.207 12.439
75 16 733.997 17 002.435 14 341.670 13 992.634 14.297 16.382
80 16 835.354 17 609.388 14 309.436 12 773.993 19.004 24.124
20 15 605.191 15 364.586 15 924.809 15 455.693 2.048 0.958
40 15994.818 15 864.328 16216.372 16 253.134 1.385 1.615
50 16 125.570 16 628.341 15716.792 16 962.326 2.535 5.189
5 60 16 279.419 17 235.624 15 740.902 15 653.150 3.308 3.847
65 17 215.967 17 559.661 15264919 18 274.405 11.333 6.148
70 18 572.130 18 053.667 16 602.39 20 738.940 10.606 11.667
75 20 024.380 18 864.593 16 300.958 16 618.233 18.594 17.014
80 20 611.256 19 524.379 15 456.257 25733.359 25.010 24.851
20 19 876.445 18 636.248 19 879.547 20 007.828 0.016 0.661
40 20916.836 18 925.185 20 612.603 20 468.170 1.454 2.145
50 21 302.386 19 354.158 20 365.713 22200.921 4.397 4218
8 60 21611.270 19 862.143 20 769.171 22 552.441 3.897 4.355
65 23 088.655 20 821.482 21614.797 20 968.655 6.383 9.182
70 23 433.216 21553.454 20 109.458 20 563.584 14.184 12.246
75 24 229.662 22 053.263 20 113.927 28 831.602 16.986 18.993
80 26 978.204 22 351.242 19 873.526 21 128.520 26.335 21.683

x2 WEMNRREZENERIRAZE T ES R
Table 2 Variance analysis of the influence of slope gradient and
contour coverage on area identification

RSy Eizvan IR ¥1J5 F18 P18
Soil type Indexes Sum of squares Mean square F-value P-value

prip: R 27.118 13.559 0.189  0.798
Siltloam  #EREEE  1463.330 209.047  49.776  <0.001

biE L iR 7.437 3.718 0.053  0.948
Sandy loam #5075 7 )i 1440.330 205.761  105.705 <0.001
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Method improvement for soil infiltrability measurement based on
surface wetted area evolution of the point source infiltration
monitored by infrared vision

WANG Wei!, CHENG Xiaolei?, ZHUANG Xiaohui®, WU Yang®, LU Fuyun!, YU Fanggian®

(1. College of Engineering, China Agricultural University, Beijing 100083, China; 2. China Agricultural Mechanization Center, Ministry of
Agriculture and Rural Affairs, Beijing 100122, China; 3. College of Water Conservancy Engineering, Tianjin Agricultural
University, Tianjin 300392, China; 4. Institute of Forestry and Fruit Trees, Beijing Academy of Agriculture
and Forestry Sciences, Beijing 100093, China)

Abstract: Soil infiltrability is a one of the key parameters in the fields of agriculture and near surface hydrology. The rapid and
accurate measurement has a theoretical and practical significance. However, it is difficult to accurately measure the extremely
high infiltration rate in the initial infiltration stage, due to the limitations of measurement principle. In addition, the presence of
vegetation cover can also affect the acquisition of surface wetted area in the point source infiltration body, leading to an
increase in the measurement error of infiltration rate. In this study, the system was proposed to achieve the automatic and
accurate measurement of soil infiltrability with the presence of surface cover. The image correction and preprocessing were
adopted to extract the surface wetted area. An infrared thermal imager was also used to record the progress of surface wetted
area over time. The shape-based function of soil infiltrability curve was developed using the first-order derivative of the
variation of soil wetted area over time. A complete soil infiltrability model was then established, according to the principle of
water balance. A device was built to measure the soil infiltrability. The laboratory and field experiments were carried out to
validate the measurement accuracy. The indoor experiments were conducted with the soils of sandy loam and silty loam, under
surface slope gradients of 0°, 5° and 8°, and surface coverage of 20%, 40%, 50%, 60%, 65%, 70%, 75% and 80%, respectively.
The field validation experiments were conducted on three sites with the natural surface covers, in order to measure the changes
in surface wetted area and soil infiltration rate over time. The results show that the surface slope gradient and soil type shared
no significant effects on the accuracy of surface wetted area monitoring, whereas, the surface coverage posed a significant
impact on the recognition of surface wetted area. Especially, the recognition error of surface wetted area was about 5% with the
surface coverage less than 60%, fully meeting the requirements for soil infiltrability measurement. The measurement error of
surface wetted area significantly increased, when the contour line was covered by the vegetation from 70% to 80%. The
determination coefficients of the fitted equations between the surface wetted area and time were not all less than 0.98,
indicating the better performance of the model on the surface wetted area over time under the vegetation cover conditions. Both
surface wetted area function and soil infiltrability function also performed the best in the laboratory and field experiments. The
water balance errors of indoor and field infiltration experiments were both less than 2%, indicating a relatively high accuracy of
soil infiltrability model without the disturbance of the natural soil surface. The finding can provide an alternative way easy to
apply with a sufficient accuracy, particularly for the in-situ measurement of soil infiltrability in filed with the presence of
natural surface cover.

Keywords: soils; infiltration; design; infrared image; point source; shape-based function; water balance
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