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A hyperspectral water depth inversion method based on an im-
proved semi-analytical model

CHI Haoyu, GUO Baofeng* , XU Wenjie, SU Xiaotong, YOU Jingyun
(College of Automation, Hangzhou Dianzi University, Hangzhou.Zhejiang 310018, China)

Abstract ; The estimation of shallow water depth based on hyperspectral sensed data has been gradually
matured as a reliable approach for detecting water column parameters with advantages of low cost and
high accuracy. Semi-analytical model is widely used for many hyperspectral shallow water depth inversion
models,among which maximum likelihood estimation including environmental noise and bottom intra-
class variability (MILEBI) method is an important water depth inversion method. One of the serious
problems within the MILLEBI method is the overestimation when the water depth is increased. Hense,an
improved water depth inversion method is proposed in this paper based on a semi-analytical model. The
method considers a prior distribution of depth by including the influence of depth value on the subsurface
reflectance, which may lead to an improvement of the accuracy for water depth inversion. The detailed
solution is found by adding a regularization term to the loss function of MILEBI method,and a new form
of objective function is applied thereby. In this paper,a real dataset and a simulated dataset are used to e-
valuate the proposed method bench marked by the traditional approaches. The results show that in the
scenario of water depth range between 15—20 m,the mean absolute error of MILEBI is about 4. 27 m,
whereas that of the proposed method is about 2. 27 m,significantly better than the classic methods.
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Fig. 2 Satellite image and measurement distribution of Lagoons in the northwest of Saipan Island
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Fig.5 (a) MAE; (b) RMSE; (c) SMAPE;
The dark line represents MILEBI.
The light line represents MAPEBI
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Tab. 2 Statistics of the inversion errors in different water
depth ranges using MILEBI and MAPEBI

Depth range/m

Evaluation Inversion method

0—10 10—1515—20
T Y
RMSE/m MAPERL 043 050 238
s MM ou s
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MILEBI J5 v 80 1™ 5 &5 Al K BRAE 115 250 » 1) Gn 7
20 m i, B E C 4 B T 50 m IE L.

M 6 () LIFEH 7 0—10 m DA 1015 m
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Comparison between actual depth and estimated
depth with unregularized MILEBI

Estimated H/m

Actual H/m
(@)

Comparison between actual depth and estimated
depth with regularized MILEBI

25F
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15}

10t

Estimated H/m
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Actual H/m
(b)

Comparison between actual depth and estimated
depth with regularized MILEBI

Estimated H/m
)
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Actual H/m
(c)

6 (a) MILEBI 75 3% B fl i+ 7K 3% 5 SE U 7K SR B =
B %t b (R B 43 £ BR 30 m); (b) MAPEBI 775589 {4t
KR 5 LM KR B = B X b (R E A it LR 30 m) ;
(c) MAPEBI 75 i% By f& it 7k i 5 52
7K R B R B X BE (R BE 3T _EFR 20 m)

Fig. 6 (a) The comparison of scatter plot figure between
estimated and real water depth using MILEBI
(upper limit 30 m); (b) The comparison of scatter plot
figure between estimated and real water depth using
MAPEBI (upper limit 30 m); (c¢) The comparison of
scatter plot figure between estimated and real

water depth using MAPEBI (upper limit 20 m)
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(a) EEKRE®; (b) MILEBI 535 E & ; (¢) MAPEBI 755 B &
Fig.7 RGB image of water depth inversion results of Saipan Lagoon; (a) Real data image;
(b) MILEBI image; (¢) MAPEBI image
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