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Fig. 1 Sketch map of the study area
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Fig. 2 Image acquisition time

SRR Dy, SR LA T T A St s (1) AR A A
1L /N 22 PN I B RAR UL SR B, 51 AR BT 8]
BT, PR R B AR W T Rl B2, i peis K
LT TR KA Z K e L H &

1 B ) DEM i A e 5 A R A XE T (2) 72 3 9
DEM 4 £ 77 ¥ , 38 i 75 % MUK 1 2k U7 45 3 i) DEM
BRI 18 DEM, 52 B 2 I (T ) Rk, $i
o i )4 DEM RS BE, i al AR RCR o HAR ORI
RN 3 s, EREORTT LR .
3.1 ETZERBAXRFEZEHF

A R R R B 1Y) ) [B) HF DEM, S B 1 23 )
{ELA R I 7K A e A~ T b B A 3 o P, A R
e b BA RSk, Bk, o 25 33 =
Ak PR ) 38 SR 1 L B A B BRI K 0 2k 4 IR S
T B e A R AT HER

F T3 0 9 I AT R T, R R e AR



136 WEriR 438
B C
o
T —
LA EEIE | | dR R %ﬁﬁf”;?‘g
PN B HERG4 | B S - HAMMIE
Red AR (oY A ! A i
L # DEM
. | ik, 8 DM
breeel > LS — Wt
Y W

[ 3 T B IR K 2R 4 5 2 M TR AL S 5 VR BRI A A

Fig. 3 Flowchart of enhanced terrain construction method based on waterlines
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Fig. 4 Tide level distribution and linear fitting of imaging time at various tide stations under different sequencing conditions
a—c A3 DL i | itk | 3 s S I 0 B I Y HE T 2

a—c are the tide level sequencing results by taking Dafeng Port, Jianggang Port, and Yangkou Port stations as the tidal level ranking benchmarks respectively

x1 FRAHFEETREANBEELUERERBSHRE

Table 1 The coefficient of determination and slope for fitting tide level changes at different tide stations under different sequencing

conditions
KA Ush v T Ok
HeJp i
R’ RER R RER R RER
KFus ik 0.96 -0.13 0.06 -0.02 0.70 -0.11
TR HE 0.01 -0.01 0.77 -0.08 0.31 -0.07
T O s 0.74 -0.11 0.32 -0.06 0.93 -0.13
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Table 2 Images and their correspondent tide levels for each image group
WAL B /m(E 19857 )
AR AR B H G TR]
PN B s PR
HC-1 20174E10A31H 10:38:19 0.28 1.42 127
201847 H 28 H 10:35:49 1.87 —0.76 1.18
20174E10A21H 10:37:09 1.56 —0.96 1.14
BT 1.24 —0.10 1.20
HC-2 20184E11H 10H 10:39:21 1.01 -1.51 0.31
20194F5H29H 10:35:51 —0.43 0.70 0.27
20174E12H21H 10:30:59 0.58 -1.67 —0.08
B HUE 0.39 -0.83 0.17
HC-3 20194E1H24H 10:40:09 0.85 ~1.89 —0.46
20184E4A 19H 10:35:49 1.09 -1.82 —0.51
20184F4FH9H 10:35:49 -1.22 —0.27 —0.58
2018410 16 H 10:36:59 —0.95 -1.15 —0.86
BT -0.06 -1.28 ~0.60
HC-4 20184E10A31H 11:38:31 -1.22 -1.25 -1.42
20184E10A 1H 10:35:51 —0.95 -1.39 —1.44
201846 H3H 10:36:51 043 -1.97 —1.46
201841 22H 10:30:46 —0.88 -1.86 -1.58
20184E1A9H 10:40:49 ~1.86 -1.08 ~1.58
BT -1.07 -1.51 ~1.50
HC-5 20174E12H 10H 10:40:59 -1.67 -1.39 -1.69
2017412250 10:41:21 -1.52 -1.75 ~1.70
201842 7H 10:30:38 -1.88 -1.15 -1.71
20194226 H 10:30:29 -1.91 ~1.04 -1.72
20184E2H23H 10:30:32 -1.99 -1.02 -1.77
201842423 H 10:37:11 -1.96 -1.07 -1.79
B HUE -1.82 ~1.24 -1.73
KRS HERAEIRER 20184E5H 14H 10:35:51 1.69 1.32 2.50
20184E5H 14H 10:29:49 1.71 1.17 2.44
20174F12A5H 10:41:01 1.31 —-0.92 1.03
20184E11 250 10:40:29 1.42 ~1.09 0.80
20184E12H 24 H 10:30:40 1.32 -1.22 0.80
20174E12H20H 10:41:09 1.01 —1.24 0.66
20184F3H 10H 10:35:39 -1.43 —0.40 —0.80
20184-2H8H 10:38:39 -1.72 —0.65 -1.21
20184E5 H4H 10:35:51 —0.06 -1.97 -1.13
20184F7H17H 10:29:58 —0.65 -1.73 212
20184F7H 18H 10:35:49 -1.52 -1.75 248
20194E6 8 H 10:35:51 -1.12 -1.87 231
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Fig. 5 MNDWI sequence synthesis and sea-land boundary extraction of image group HC-4
a. IR A% b. MNDWI 45285 ¢ J7 36 i d. BB 2> %5 e. 5 416 U AR BRI Bl 3 R 4

a. Original images; b. images of MNDWI; c. sequential synthesis result; d. threshold segmentation; e. border lines extracted from 5 groups of

synthetic images
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Fig. 6 Comparison of terrain construction results
a. W FLK L J5 12: DEM H d 45 51 5 b. 8450 B Wk 44 22 77 7% DEM #9 45

a. DEM by conventional waterline method; b. DEM by enhanced tidal flat construction method
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Fig. 7 Comparison of the accuracy and trend correlation

between the measured and simulated terrain at each section
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The enhanced construction method for intertidal terrain of
offshore sandbanks by remote sensing

Zhou Yong', Zhang Dong'?, Deng Huili', XuNan', Zhang Huiming', Hao Xin', Shen Yongming'

(1. College of Marine Science and Engineering, Nanjing Normal University, Nanjing 210023, China; 2. Jiangsu Center for Collaborative In-
novation in Geographical Information Resource Development and Application, Nanjing 210023, China)

Abstract: The waterline method is an important method for remote sensing inversion of intertidal terrain. Aiming
at the problems in the digital elevation model (DEM) construction with variable topography, which the waterlines
intersect and lack of representation of micro-topography for the tidal creek in the conventional waterline method, an
enhanced terrain remote sensing construction method was proposed in this paper. First, the waterlines with the cor-
rect trend of elevation change and spatial separation were selected through tidal level sorting. Second, the images
group with similar waterlines position in the screening process were combined according to the mean of a sequence
of the modified normalized difference water index values in each pixel, and the boundary line of land-sea was ob-
tained. These two methods worked together to construct the initial intertidal DEM. Then, the tidal creek DEM was
generated by using the boundary and centerline of the tidal creek in the low tide period. Through the mosaic pro-
cessing, the tidal flat DEM that can express the undulating micro-topography of the beach surface was constructed.
Comparing with the measured terrain, the results in the central core area of the radial sand ridges off the coast of Ji-
angsu showed that the mean absolute error of the 4 measured sections was 0.43 m, the root mean square error was
0.54 m, and the average correlation (r) was 0.75. The simulation results and the measured results were in good
agreement with the changes in beach undulations. Furthermore, the spatial fragmentation of the simulated DEM was
small and can reflect more detailed terrain features. This method can provide a new idea for constructing high-preci-

sion DEM of intertidal zone considering micro terrain changes by using multi-source remote sensing data.

Key words: intertidal zone; digital elevation model; remote sensing; waterline; image synthesis; tidal creek mosaic
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