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Figure 1 Summary map of the study area
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Table 1 Remote sensing image data source

information table

BA H % /% FPRAKAL/m WG KA/ m
Landsat-7 2011-04-27 1.00 135. 60 135
Landsat-8 2014-01-21 0. 05 139.58 140
Landsat-7 2013-10-09 0. 00 145. 31 145
Landsat-8 2016-04-16 10.37 150. 43 150
Landsat-7 2017-05-13 0. 00 155. 38 155
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Landsat-9 2022-02-04 10.73 165.71 165
Landsat-8 2021-11-08 1.77 169. 81 170
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Figure 2 Technical roadmap for underwater topography

inversion of Danjiangkou Reservoir
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Figure 3 Comparison of different water levels in

Danjiangkou Reservoir
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Table 2 Single-band and dual-band reflectance ratios

correlate with water depth

- IR i R Wi e /R
- 5 BB 5% 5B 5 BB
A 0.427 0.296 0. 440
A 0. 606 0.438 0. 641
Aps 0. 566 0.419 0.611
Ay 0. 480 0.341 0.511
Ags 0.417 0.293 0.439
Ny 0.351 0.208 0.318

N/ Ay, 0.615 0. 451 0.653

X/ Ay 0.552 0. 383 0. 565

Ao/ A s -0. 306 -0.204 -0.289

Aps/ A s -0.222 -0.155 -0.212

X/ s -0.226 -0.192 -0.263

N/ Ay, 0.278 0. 134 0.244
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Table 3 Correlation between single-band and
different-band ratios and the elevation of the

bottom of the reservoir
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Figure 4 Regression analysis of the optimal water
depth factor
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Figure 5 Underwater topography and accuracy validation of

the shallow-water area in Danjiangkou Reservoir
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Table 4 Accuracy calculation results for shallow water

X 35§ RMSE/m  MAE/m  MAPE/% R’
FHTOKE  2.553 1.434 1.183 0. 866

W 3. 066 1.739 1. 843 0. 684

P e 1.752 1.078 0.724 0. 948
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Figure 6 Underwater topographic map and scatter map
of the deep-water area of Danjiangkou Reservoir
based on four inversion models
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Table 5 Four inversion model accuracy calculation results
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Figure 7 The accuracy of the four inversion models
varies with different water depth ranges
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Table 6 Accuracy calculation results of four inversion

models in deep water area . m
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Figure 8 Underwater topography of the synthesized Danjiangkou Reservoir and accuracy validation

FFIL E K P % ik RMSE  2.287 m, MAE K
1.711 m,MAPE N 1.411% ,r2_score 2}y 0. 891, )
R R, AT DL LS M i PRV K R K R B
PRRANE SC L PR AN DL LT 7RI a1 S
T B KR BR . P KT M Sk 5 8 AR
1o P I R AT, DR B A 2 PG s AR AR A AR . )
PEF DL E A EAh F BE B T2, W]
PR KT HuJE 5 2 55 R B R 30k S48 P RO
DK T B 3 BRI, 3 T AT R ALY 8 K 5
R 3 B DL R RSk 68 0 UK R MR S AR A,
A W KR AR AR TE 2 A S A i R 2
%o PHIEIKEEK N MR & B2 43 A R R R W1, P
FDLE 0 2K K T Zp 0 AR T P O AR PRI R 300
FT X 38, Ry g 7K A 9 H 2 T AR AR K R PR YT T K R
KHERULORRE . KN HIE Y = R 22 55 3R B K2R IS
HIE 52 2% X B b 1 AN X 5P X8 oK PR ) 7K Bl g 2
FEME DL S UURR ) 4 53 A EB A S

4 Hit

AT Landsat 5242 42 BT PRI O K 2K [
IR, 2R FH o B 4 47 (B A5 21 PV 11 K 3 K XK
HLTE ;b T R B R U B L {E AR T BP
2 ) 24 A5 TR0 I 22 gl B Bt AL AR ACRE 78 R i Y YT 1K
PEBGIK XK N HE |, §F 45 2 PHT HK K T HLE |
FELERWT .

(1) SR 5 B 4 4 /R /K % Iz Y6 B 80 A 285 6 1
A3 DX R 3 75 vk AT LA PHIT E K 2R K R M R AT &
AR T, R BN TR K ARl ] DL 2 25 I T 9 ik B A 3
{18 7K R B YA TR 3E AT 7K MR S 3

(2) FHLH K PEK T H I 2 44, FHE R AR &
VO AR AR AT | MR 5 o - 35 0 28 2 B0 VG o8 2 0 1 4

il WP i (RS R W1 S AP 7R 22 A0 425 il A2y 52, X
Fobt T2 R A A5 P % B B T E UK [ e AR B PH T
FR K g % H T BE

SRR I HIL 2% 27 > R AT LS e Ml PRI
K PETGRIK XK T MBI | (H 52 S0 R0 o 45 R ], A6 7
SR R fr i, R — R B THE TR
IR S AR

S % Uk

[1] CHENG J, MA Y, ZHANG J Y. Water-depth-zoning in-
version based on the relationship between two-band radi-
ance data and the depth-invariant index [ J].
Studies in Marine Science, 2021, 44. 101790.
WIFHE, FE, £4, & BETEBERAILGEINA
Rl K A K IR R B AR [ T]. A HbFE 2020, 40(2) .
314-322.

WEN K X, LI Y, WANG H, et al. Estimating inland

Regional

water depth based on remote sensing and machine learn-
ing technique[ J]. Tropical Geography, 2020, 40(2) .
314-322.

BOEWE, AFH, Rulk, 5. WH I T ET ICE-
Sat-2 5 GF-1 A% 3 3] aff /K U 18 A A B 6 5 3 [0 ]
HERRRSE | 2023, 43(9) : 1640-1648.

DUAN Z X, ZUO X L, YU K F, et al. Optimal bathym-
etry retrieval method for coral reef habitats based on ICE-
Sat-2 and GF-1 under geomorphic zoning [ J]. Scientia
Geographica Sinica, 2023, 43(9) : 1640-16438.
WAL, T, B, % ET Landsat 2RI
T O R AR BT ST (1], W rE I 22, 2020, 40(6) :
57-60,65.

HUANG M H, LU Y, TONG X H, et al. Study on the

[4]

landform evolution of Maowei Sea Estuary based on land-
sat image [ J ]. Hydrographic Surveying and Charting,

2020, 40(6) : 57-60,65.



134 KN K S (T R 2026 4

[5] JRR, X3cH, AT, % (=R R =D S $P satellite imagery[ J]. Bulletin of Surveying and Mapping,
KR BB N (1], W PRI 2, 2024, 44(2) : 56- 2017(2) : 40-44.

59, 65. [13] ¥HE, ¥, fLEEE. T CatBoost A1 XGBoost 414
ZHOU X, LIU W T, ZHENG K, et al. Application of MR KBRS [T, W2, 2023, 43(3) : 59-63.
GF-14 satelliate hyperspectral image in shallow sea depth ZENG SY, XIE T, KONG R Y. Water depth inversion
inversion [ J ]. Hydrographic Surveying and Charting, based on CatBoost-XGBoost combined model [ J]. Hy-
2024, 44(2) . 56-59, 65. drographic Surveying and Charting, 2023, 43 (3):

(6] e, FLill, 25, . Wi K IR PuE R 3 7 59-63.

TEXTHEBRFE (D], MERLE, 2017, 42(11) ¢ 177-183. [14] 224, L, TAWE, 5. T Landsat 8 TR
YANG X T, JJAO HB, LIY W, et al. Comparative re- 7 G T 5 ¥ K TR 8 R S U AR SR [T ). M TR
search of two methods for fast waterdepthretrieval for shal- 1R, 2022, 44(6): 23-32.

low water[ J]. Science of Surveying and Mapping, 2017, LIJ W, YANG H, WANG C F, et al. Using remote
42(11) . 177-183. sensing to compute water depth in coastal water of North

(7] TEIHE, 4BIRPE, 225, B I I 350 At e =% v K ifg 3 Jiangsu based on Landsat 8 satellite[ J]. Transactions of
LSRR B [J]. A M T 2 ), 2022, 28 Oceanology and Limnology, 2022, 44(6) . 23-32.

(5): 758-767. [15] W, Bokse, EH, % 5 T8 BRI O
WANG W Z, ZOU X Q, LI H Y. Water depth inversion BRI Sentinel-1 B ERGEK IR [T]. W R,
from multispectral imagery over optically shallow waters of 2024, 48(4) . 1-17.

coral reefs in South China Sea[J]. Geological Journal of HUANG M M, WEI'Y L., TANG Z Y, et al. Retrieval of
China Universities, 2022, 28(5) . 758-767. shallow water depths from Sentinel-1 images based on a

[8] wHwidk, WE. MR KFEZBRUTHRII]. H gradient boosting decision tree model [ J]. Marine Sci-
FRLEHER | 2020, 39(4) : 670-684. ences, 2024, 48(4) . 1-17.

SHI Z L., HUANG C. Recent advances in remote sensing [16] FE#KEL, Z=4E, M ig, 5. 456 DUk 37 R AF 28 5 19 3
of river characteristics [ J ]. Progress in Geography, MK R 7k WEaR [J]. Mg Ve e, 2024,43(4) .
2020, 39(4): 670-684. 463-470.

[9] BiRmE, REF, M, %F. T GeoEye-1 Fl LAN X M, LIJ, YEY, et al. Research on offshore water
WorldView-2 32 B8 49 132 1 /K - B i LB 5E [0 . depth inversion method combined with Bayesian feature
WFHESAAR, 2022, 44(4) ; 134-142. selection[ J]. Marine Science Bulletin, 2024,43 (4) .
LUT Q, WU Z F, REN X S, et al. Comparative study 463-470.
on shallow water depth inversion based on GeoEye-1 and [17] #iafk. FH Sk 0918 — 1k 22 5 K /K35 50 (MNDWT)
WorldView-2 remote sensing data[ J]. Haiyang Xuebao, WHBOKKREE IR ()], B, 2005, 9(5):
2022, 44(4) . 134-142. 589-595.

[10] YANG H, QIAO BJ, HUANG S W, et al. Fitting profile XU H Q. A study on information extraction of water body
water depth to improve the accuracy of lake depth inver- with the modified normalized difference water index
sion without bathymetric data based on ICESat-2 and Sen- (MNDWI) [J]. Journal of Remote Sensing, 2005, 9
tinel-2 data[ J]. International Journal of Applied Earth (5): 589-595.

Observation and Geoinformation, 2023, 119, 103310. [18] CEYHUN O, YALCiN A. Remote sensing of water depths

[11] #HsE, BR, AR, 5. ICESat-2 KR HUT 5 K& in shallow waters via artificial neural networks[ J]. Estu-
M v (1], HBk 9 B 2% R, 2024, 67 (3): arine, Coastal and Shelf Science, 2010, 89(1) : 89-96.
997-1012. [19] BREIAMN L. Random Forest[ J]. Machine Learning,
HU Q X, CHENG L, CHU S S, et al. Water depth ex- 2001,45. 5-32.
traction of ICESat-2 and application to bathymetric inver- [20] XNEERK, PMED, fLAGW, & &= J0Mm T M2
sion[ J]. Chinese Journal of Geophysics, 2024, 67(3) : Jeil TR KR OEVF R []]. ot 5 ohh 2 i
997-1012. J&, 2023, 60(10) : 1028007.

(12] #uk, BRI, Rk, 45, BP 22 6 45 5 Sk I8 LIUJ L, SUN D Y, KONG D Y, et al. Shallow water
B[], MA@, 2017(2) ; 40-44. depth inversed using multispectral satellite based on ma-
CAO B, QIU Z G, ZHU S L, et al. Improvement of chine learning [ J ]. Laser & Optoelectronics Progress,

BPANN based algorithm for estimating water depth from

2023, 60(10) : 1028007.



2 SEW], 5 BT Landsat 248 09 RBUK AR KT HIE 43 IX 52 i 135

Zonal Inversion of Underwater Topography of Large Water Bodies

Based on Landsat Images

DOU Ming"?, SHI Yuxian', QU Lingbo’, WANG Jihua®, XING Aoqi’

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. School of Ecology and En-
vironment, Zhengzhou University, Zhengzhou 450001, China; 3. Henan Provincial Natural Resources Monitoring and Land Improve-

ment Institute, Zhengzhou 450016, China)

Abstract; To address the difficulty of obtaining underwater topography data for large water bodies with insufficient
data, Danjiangkou Reservoir was selected as the study area, and a retrieval method based on Landsat remote sens-
ing imagery and water depth zoning was proposed. The underwater topography of the shallow and deep water areas
of the reservoir was reconstructed using the waterline kriging interpolation method and four water depth inversion
models (single-band, dual-band ratio, BP neural network, and multi-band random forest) , and the inversion ac-
curacy was evaluated. The results showed that the underwater topography inversion in the shallow water area per-
formed well (Root Mean Square Error, RMSE=2.553 m). In the deep water area, the multi-band random forest
model performed best in the Han Reservoir area (RMSE =2.428 m) , while the BP neural network model performed
best in the Dan Reservoir area (RMSE=1.599 m). The accuracy of different inversion models varied across differ-
ent depths and regions, with the multi-band random forest model demonstrating advantages in deep-water topogra-
phy inversion.

Keywords: underwater topography inversion; Landsat remote sensing imagery; BP neural network model; multi-

band random forest model; Danjiangkou Reservoir

(B35 127 1)
Concrete Dam Deformation Prediction Model Based on TSNE-NGO-RF Algorithm

ZHENG Dongjian', ZHAO Yu', RAN Cheng', LIN Yinghao', CHEN Linze’

(1. School of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China; 2. Institute Hohai-Lille,
Hohai University, Nanjing 210098, China)

Abstract; Reasonable data analysis and accurate prediction of deformation monitoring data for concrete dams are
key means to ensure the safe and long-term operation of dams. In response to the periodic and nonlinear character-
istics of environmental variables that could affect dam deformation, as well as the shortcomings of traditional random
forest model parameter optimization methods such as poor applicability and low computational efficiency, a new type
of dam deformation prediction model was proposed. The model uses t-distributed random neighborhood embedding
to reduce the dimensionality of eigenvalues and improve the classification performance of the model. The traditional
random forest model was improved using the northern eagle optimization algorithm, which enhanced the efficiency of
selecting optimal parameters for the random forest model. The parameters of the random forest model could be de-
termined using the northern eagle optimization algorithm in the 80th iteration, and the fitness function was 0. 249 3,
which achieves better results compared to the Sparrow Search Algorithm and Particle Swarm Optimization Algo-
rithm. The analysis of the 18*th and 26*th sections of a concrete dam showed that the fusion model proposed in this
study had average absolute errors of 0. 501 93 and 0. 173 02 mm, mean square errors of 0. 359 71 and 0. 043 87
mm’, average absolute percentage errors of 0. 819 59% and 0. 113 62% , and determination coefficients of 0. 914
56 and 0. 892 74, respectively. Compared with other models, this model performed better in prediction accuracy
and model stability, opening up new possibilities for accurate prediction of concrete dam deformation.

Keywords: concrete dam; deformation prediction; dimensionality reduction; northern eagle optimization algo-

rithm; random forest algorithm



