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T20194F 11 1 3 H I A A B, GF-T454 T —
B0k W 22 AL AT — 5 ORI S A, TR
[ 30 %) 57 (A I 225 s A RO I v g s . Hode, e
MARPL A AR MR TT /T R RN 0.8 m, B A
B SIS [ Je fa o +26° o JE A ML A JE S
IER T I Je f =57, TR IE S AT IE 4
AR, KA EIR T/ HR 4 0.65 m,
ZICREAGTCE 4 MR B, M ST A 2.6 m.
GF-7 B AR MR 56 o 20 km, 521 3L/ L 2
0.62 (HEEER 45, 2020), @3 [ e S ARG ]
PIAE P2 kg B I8 DSM (Digital Surface Model),
FF GF-7 DSM HCH 7 10 Hb T W 000 980 9171 5 728 o 3 Jak
W 2A AR

XIF GF-7 DSM [ Rk B, A MFRIEKR
JUEE bR A ST T, AR S =2 . LiDAR
o DEM Z6AE R0 UEE s, X Rl — s AL GF-7 e
5 HAA = AR UEAT BT LB IE GF-7 DSM = B2 K
. HdahizdE (2022) AEX SO AE (2022) M
A7 100 10000 LBl RS 4D 7= & (DEM, DOM,
DLM, DRG) B &, FIH &R EE Sl 55 I 4k
PEIEAIE GF-7 DSM ZE -1 . FebR S8 e 444 N i =
FERSEE AT 0.3—0.7 m, FELHL, 51l A i 4%
TR EEAEER T T, 24913 m; RN,
B4 (2021) FIH GF-7 [R°F 65 3R B S0OGm) = %k
P Ve Ay e R o 50 R T T GF-7 DSM 11 i R
B, iALJE B GF=7 DSM 2 i A4S EE AR T 1 m,
R ERIRZE/NT 1.5 m, BT GF-7 DSM Ay = 2
R B2 56 UF S R i PR Z AT B RTAI RS, AR
Xof [ PN 2 — WS AR 22 TR ——% R =5 (Z2Y-3)
AT T DSM = FEAE FE S UE A58 . X T ZY-3 DSM,
BB 32 2 [RVRE A R RO 3 161 P LA S T s A s s
JE DEM g AH X EL{E T Z2Y -3 DSM 25 B4 B 56 IF
FEERGE T b 4 1) o5 A0 A 1 0 T LR RS B B Y
S, S5ERFEH], ZY-3 DSM i kG B b P 2 4
2B b TR R, G e X e R R 22 e AR
DX, P B b DX R v 5 22 AR K K (Tang 5%,
2015; Luf%, 2016), 3T @ks B Se A & 1
JG B ZY-3 DSM = FEAg 8Tt Hom Ak AL

Fom, MEPIRENT1.6—2.0m (FEHH %,
2012; Gao ¥, 2013). 7EHLIE BG4 r= i v,
i 3 1) 57 PR AR RO A — 22 B Y M T s A
GCP (Ground Control Point) 0] LA & & B0 K5
B, RS BRI EURAE M X R (R 24k
S, 2013), ELARS) S A B AR ERE Y B 2 Y
FEFHmREm (Li%, 2016).
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[ TS A) e RS 2 L B2 GF—7 DSM 5 R0 132 Fiti i
BE AR ARG B0, X T e AR I T A e W g a5 22
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BEXT LR (A] 8, A SCHE T 75 48 0 4 W
e ST MR, 5 HIT R R X GF-7 DSM %L
P o FEHG BEBGAIE , 5 A WA 76 W0 2 ok SRR
X3k, GF-7 DSM Ay i Fob B2 M AR Pk o [l 4R
5% GF=7 DSM i B AHRIAS BE B B 520 [ 5, 26
FIMT I AL T H I R R X GF-7 DSM = R AR
K DA, 55l Z e 3T Ag T
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2 WX 5RO
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Fig. 1  The terrain of Qinghai province and the distribution of verification regions
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Table 1 Sources and purposes of research data
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Fig. 2 Different experimental data and the distribution of verification points in Nianji Co
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Fig. 3 The workflow of elevation accuracy validation of GF=7 DSM at lakeshore
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Fig. 4  Evaluating process of terrain change inversion accuracy for GF=7 DSM
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Table 2 Information table of lakes with filed surveying terrain

75 A2 WA A km® W3 R LA e/ LA S
1 #2215 33.9 5.47 GPS RTK )
2 i 322 2.90 GPS RTK ©)
3 LN 232 5.24 GPS RTK/UAV DSM /e
4 T 47.4 6.15 GPS RTK/UAV DSM DI
5 FLBZ 528 8.77 GPS RTK ®
6 JNSE ELi) 72.5 6.79 GPS RTK @
7 B[R oT 29.2 12.04 GPS RTK @
8 73] 644 12.02 GPS RTK/UAV DSM @
9 APl 19.7 10.52 GPS RTK/UAV DSM OB
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Table 3 Elevation validation results of UAV DSM based

on RTK measured data

RSB R STD/m  RMSE/m {&IEJ5 RMSE/m
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Fig. 5 Elevation validation results of UAV DSM based on RTK measured data
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Table 4 Absolute accuracy validation results of GF-7
DSM elevation based on RTK measured data

WIn4%  STD/m  RMSE/m  BIEJG RMSE/m  MS/(°)
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Fig. 6 Absolute accuracy validation results of GF=7 DSM elevation based on RTK measured data
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Fig. 8 Absolute accuracy validation results of the corrected
GF-7 DSM elevation through UAV DSM
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Abstract: Gaofen-7 satellite (GF-7) is the first Chinese sub-meter civil stereo mapping satellite, which can rapidly obtain Digital Surface
Model (DSM) of lakeshore, and has application potential in remote sensing of lake water storage changes without ground observation. Due
to the complex terrain of lakeshore, it is of great significance to quantify the accuracy and influence factors of GF-7 DSM elevation for
remote sensing monitoring of lake water storage changes through GF-7 DSM. The objective of this study was to quantitatively evaluate the
accuracy of GF-7 DSM elevation and its stability as well as the influencing factors of relative accuracy of GF-7 DSM elevation based on
filed surveying data.

To validate the elevation accuracy of GF-7 DSM at lakeshore, several elevations at point scale derived by GPS RTK or DSMs at region
scale derived by UAV of 9 lakeshores in Qinghai province were collected by filed surveying. Firstly, the absolute accuracy of GF-7 DSM
elevation was evaluated by comparing the differences between the elevations derived from GF-7 DSM and the measured elevation at
different verification points. Secondly, the relative accuracy of GF-7 DSM elevation was estimated by the elevation biases derived from GF-
7 DSM and the measured elevation differences at different verification points based on benchmark. Thirdly, the stability of GF-7 DSM
elevation was evaluated by analyzing the elevation difference and correlation derived from GF-7 DSMs of different time series at same
regions. Finally, the driving mechanism of terrain factors on the relative accuracy of GF-7 DSM elevation was investigated through multiple
regression analysis.

The results show that the elevations derived by GF-7 DSMs at different lakeshores have unstable systematic errors with poor absolute
accuracy. The accuracy of GF-7 DSM elevation has significant correlation with terrain. The accuracy of GF-7 DSM elevation difference is
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high with a mean error less than 1.7 m. When the mean slope of lakeshore within 15°, the mean error of GF-7 DSM elevation difference is
less than 1.5 m. Then, the mean error of GF-7 DSM elevation difference decreases with the increase of mean slope. The absolute accuracy of
GF-7 DSM elevation can be obviously improved by correction using field surveying elevation with an overall mean error less than 0.85 m
and a maximum elevation median error within 1.4 m. The mean error of GF-7 DSM elevation difference is generally within 1.25 m, its
maximum median error is less than 1.6 m. The elevation accuracy of corrected GF-7 DSMs at different lakeshores do not have obvious
correlation with mean slope. The accuracy of GF-7 DSM elevation difference is mainly affected by the slope of benchmark and the slope
variation, among which the slope variation is the main driving factor. The weight of the slope of benchmark and the slope variation are 0.019
and 0.047, respectively. There are significant correlations between GF-7 DSMs of different time series at same region with the R* more
than 0.98.

The elevation derived from certain GF-7 DSM has obvious systematic error which can be corrected by filed observations. While the
GF-7 DSM elevation difference has a high relative accuracy, the uncorrected certain GF-7 DSM can also be used to estimate the lake water
storage changes. The GF-7 DSMs obtained at different times have different systematic errors, which can be relatively corrected by the
correlation between the different GF-7 DSMs at same region. Therefore, multiple GF-7 DSMs can be used in remote sensing monitoring of
water storage changes in large lakes via mosaicking. In conclude, The GF-7 has an enormous prospect in remote sensing monitoring of lake
water storage changes without ground observation.

Key words: GF-7 Digital Surface Model, accuracy validation, terrain correlation, influence factors, Qinghai province, filed surveyed
terrain, lakeshore
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