1007-4619(2022)01-0138-10

National Remote Sensing Bulletin

S5 +S T EBLN S SRR R Ak
e A

ZETL, EHA

1. FARGEIRERE -+ TR F PO, dE st 100048,
2. VLA A B IR & SRR B ) B8 Fhocs, SR 210023

T OE: DA B AR I KA I T T H A A R AR S, ARSCE R E P B S A
B LR AR T A I O I B A, R R R IA KA B T RO AR . R T B T R AR
SR, FFSHAMIE T REM TR, A TR KA RS R R TR . KRBT . B R R
TFZE T WA K O S B ROT 454 ICESat . ICESat—2 75 1M RN HLi] 1 A0 s FF R T X407, I
FH RTK-GPS 7 75 206 W48 ) K TH 8 S AT T 9SS BE B0 E . 85 53R, w4 £ 5 LR Wi ot A B A
B, (AN ER— SRR, P R 5 - P RO R R AR ME IR 22 43501 0.056 m £110.080 m, 5 ICESat (1)
0.079 mAH4; FHEBAS B 2L AR R AT ) = 230 E 5 PSR S TCESat-2 1 m BEA(E AR 22 35120 -5.2 em F1-8.0 cm;
25 S i 0 T TR 0 ) 0 T RO P e X R R B 430 R ¢ —0.030+0.109 m F1—-0.195+0.049 m. =43k 5 oGl

R IR

e SO WA KA RS B FSRTTATRY , (HIEAAEBOG B A AR R A% . WL B8 7 55 55 (R) 8 AHOCZE IR XS T4 & i 43
L5 TR OGN S AR AL RIS I S 1 1o A B SS SoGI es TR 1~ BUSIES B S50 A .
KR FWorLS, DREBOLNE, 1CESa-2, WHAKAL, KRS
S AENX: FET,EHH.2022. 55 £S5 TEH LN SHREREMIAKCNERSETMR . BEFHR, 26(1): 138-147
Li G Y and Tang X M. 2022. Accuracy evaluation of large lake water level measurement based on GF-7 laser
altimetry data. National Remote Sensing Bulletin, 26(1) : 138—147[DOI: 10.11834/jrs.20221195]

1 5 7

hEEARERE . BMEH . BEFEE .
AESIREENGSS , A EE R R . B R
SRR . AP . ARECE R A ORI A
B eEIRn AT, PEEHRAKT 1 ki
WAZEAT 2693 1>, SLAIBIN 81414.66 km®, £ i4:
LT AR 1Y 0.85%, Horbl ik — 207 77 6l e S IX.
B (rp E R 2 e A M B S A BT T, 20195
Zhang %%, 2019a) . WIAKALN S ABAZ AL TN AT
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R WIA KR AR (Zhang 55, 2013) . I
1 2003 4 —2009 4 1 B e &K AR L (4 1
&, 2020) A ELRR FHBFIE . EFXF 2018 4R £ E &
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4, 20205 FRE SE, 2020).
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Table 1 Main technical parameters of laser altimeter loaded on earth observation satellite at home and abroad
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LIST B fisE HTF I 1000 5 10k —
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Table 2 The basic parameters of GF-7 Satellite Laser

Altimeter
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(b) Echo waveform of laser point on the water
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Fig. 1 The footprint image and echo waveform of GF-7 satellite laser altimetry data located on the water
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Fig. 2 The illustration of location error introduced by the sway

and topographic relief
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Table 3 The corresponding table of laser points accuracy

and pointing measurement error

TR AW PR BRI
) ”) m m
5=0,6=1 1 2.42 0.042
5=0,6=1 2 4.85 0.085
5=0,6=1 2.5 6.06 0.106
5=0,60=2 2 4.85 0.169
5=0,60=2 2.5 6.06 0.212
S5=1,60=2 2 4.85 0.254
S5=1,60=2 2.5 6.06 0.318
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(b) Local enlarged view of saturated echo waveform
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Fig. 3 The laser point located on the lake with saturation waveform
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Fig. 4 The workflow of extracting the GF-7 laser points
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Fig. 5 The distribution of GF=7 and ICESat/ICESat-2 laser

altimetry points located on Qinghai Lake
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Table 4 Elevation accuracy comparison of ICESat and GF-7 laser points located on the Qinghai Lake
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Fig. 6 The distribution of GF=7 and ICESat-2 laser altimetry
points located on the Hala Lake

R5 BEHMESSESMICESat-2 TEE e iEBEtb R

Table 5 The accuracy comparison of GF-7 and ICESat-2 laser altimetry points located on the Hala Lake
TRAK ICESat-2 GF-7
ATLAS
Hot#s WA 1 W2
gtlL gtlR gt2LL gt2R gt3L gt3R

FRELH 2020-06-18 2020-06-26

JEPEY ¢ 485 148 439 171 888 311 6 8

AR /m 4081.858 4081.827 4081.924 4081.862 4081.879 4081.860 4081.824 4081.796
(AR O 25 /m 0.033 0.029 0.035 0.093 0.038 0.037 0.035 0.062
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Fig.7 GF-7 laser points located on the Hulun Lake and the field surveying photo
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Table 6 The absolute elevation accuracy statistical result of GF-7 laser points located on the Hulun Lake

) BOE R R/ m S T /m IR 2 /m it 4R m
1127964749 533.317 533.271 —-0.046

W1 1127964745 533.370 533.308 —-0.062 -0.030+0.109
1127964741 533.433 533.298 -0.135
1127964718 533.105 532.960 —-0.145

W2 1127964722 533.079 532.836 —-0.243 -0.195+0.049
1127964730 532.938 532.740 —0.198
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Accuracy evaluation of large lake water level measurement based on
GF-7 laser altimetry data

LI Guoyuan,TANG Xinming

1. Land Satellite Remote Sensing Application Center, Ministry of Natural Resources, Beijing 100048, China;
2. Jiangsu Center for Collaborative Innovation in Geographical Information Resource Development and Application,
Nanjing 210023, China

Abstract: Lake level elevation and variation are important indicators for the global climate change, and satellite altimetry especially the
laser altimetry data is a valuable data source. GF-7 laser altimeter as the first business application load with full-waveform can be used to
measure the lake level, except for elevation control points. To evaluate the GF-7 satellite laser altimetry data on the lake, the basic
parameters are introduced, and the relative and elevation accuracy of ICESat and ICESat-2 laser points located on large lakes is compared.
The absolute elevation accuracy is analyzed by the field surveying result.

A method to extract the GF-7 satellite laser altimetry points located on a large lake with high precision and reliability is presented, and
the side-sway of the satellite, the atmospheric scatter, and echo waveform saturation that influence the elevation accuracy are discussed. The
laser point with 1° side-angle can induce 0.106 m elevation error and the points on the lake less than 0.3° side-angle can be used to measure
the lake level. The unique footprint image of GF-7 satellite is introduced to extract the laser points located on the lake. It can be used to
judge the location of the laser point, whether it is in the lake or on the land and whether it is influenced by the cloud or dense fog and haze.
Moreover, the saturation of echo waveform and the error elimination by median absolute deviation are introduced to ensure the reliability of
the laser points.

The absolute elevation accuracies of beam 1 and beam 2 are —0.030+=0.109 m and —0.195+0.049 m, respectively, according to the field
RTK-GPS surveying on the frozen Hulun Lake. The internal consistency of GF-7 laser points is better than that of ICESat laser points on
Qinghai Lake, and beam 1 is slightly better than beam 2, with standard deviation of 0.056 and 0.080 m, respectively, which are equal to
ICESat’s 0.079 m. Compared with ICESat-2, the lake surface points of GF-7 are sparser, but the accuracy is the same. The mean difference
between the two beams of GF-7 and ICESat-2 in the same area of Hala Lake in adjacent time is —5.2 and —8.0 cm, respectively.

The laser altimeter of GF-7 satellite can effectively obtain the water level of large lakes, and the relative and absolute elevation
accuracy of GF-7 satellite laser altimetry points after extraction is equal to the ICESat and ICESat-2 laser points in the large lake. Under
certain conditions, GF-7 laser altimeter can measure lake water level in terms of accuracy, but some problems, such as low repetition
frequency of laser and weak observation ability, still exist. The conclusion can be viewed as reference for the next generation laser altimetry
satellite, such as the land and sea laser satellite of China. Also, the combined of different satellite laser altimetry data on the lake maybe an
effective way for the future application.

Key words: GF-7, satellite laser altimetry, ICESat-2, lake water level, accuracy evaluation
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