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Abstract: The point elevation accuracy of spaceborne laser is the basis of its auxiliary optical stereoscopic
image composite surveying and mapping. This study proposes a method for extracting elevation control points of
spaceborne lasers based on multi-feature parameters constraints in response to the requirements for the accuracy
of laser elevation control points in optical image stereo mapping. This method utilizes the vertical structure
information of the target objects contained in the full-waveform data to analyze the characteristics of the high-

precision laser elevation control points, and realizes the constraint screening step-by-step based on the validity of
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data, the number of waveform peaks and echo characteristic parameters. The signal-to-noise ratio, kurtosis and
skewness are selected as evaluation indexes. Through the calculation, statistics and analysis of the echo
characteristic parameters, the thresholds are determined, and finally the valid waveform data that can be used for
spaceborne laser elevation control points can be extracted efficiently. Taking the laser data of GF-7 as an
example, such six typical feature samples as grassland, gobi, road, water body, sandy, and cultivated land are
selected to determine the suitable thresholds of echo characteristic parameters for GF-7. Taking the airborne
LiDAR point cloud data in Jiangsu area as a reference to verify and analyze the extraction accuracy, the
experiment results show: based on the multi-feature parameters constraint algorithm, using the set parameter
thresholds suitable for the GF-7, the valid waveform can be extracted from the original waveform data efficiently
and accurately for the production of high-precision elevation control points. Taking the elevation difference of

0.32 m from the parameter data as the elevation accuracy requirement, the average extraction accuracy is 90.34%,

and the average measurement accuracy of the extracted laser elevation is better than 0.5 m.
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Fig.4 Schematic diagram of the full-length waveform
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Tab.1 Laser altimeter parameters of GF-7

Parameter Value
Laser beam 2
Laser working wavelength/pum 1.064
Laser divergence angle/urad <60
Laser ranging range/km 450-550
Receiving telescope aperture/mm 600

Laser repetition rate 3 Hz (6 Hz at calibration mode)

Sampling rate/GSps 2
Spot size/m 15
Ranging accuracy/m <0.1
Transmitting pulse energy/mJ <180
Transmitting pulse width/ns 4-8
Laser emission efficiency 99.4%
Laser receiving efficiency 79.0%
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Tab.2 Basic information of experimental data
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Tab.3 Basic information of the verified data

Beam 1 Beam 2

Orbit Acquisition time
Points Points
672 53 65 2019.12.17
5973 74 96 2020.11.30
11430 65 55 2021.11.19
11583 99 98 2021.11.29

Beam 1 Beam 2

Orbit Total Valid Unimodal Total Valid Unimodal
points  points  points  points  points  points
2085 648 551 179 648 454 271
2086 938 849 424 939 819 503
2088 1125 679 473 1125 649 448

3419 1101 504 219 1101 518 240
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Fig.5 Verified data of GF-7 spaceborne laser
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Fig.6 Comparison chart of echo characteristic parameters about six ground objects
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Tab.4 The min and max value of each characteristic parameter in typical feature type

Feature type SNR min SNR max Kurtosis min Kurtosis max Skewness min Skewness max
Grass land 22.75 29.19 232 4.87 0.92 1.76
Gobi 19.67 26.11 1.84 3.79 0.66 1.49
Land 20.82 26.33 1.90 5.10 0.69 1.87
Water body 19.61 29.71 1.88 5.89 0.66 2.03
Sand 18.83 25.28 1.89 4.53 0.63 1.72
Arable land 17.19 28.66 1.67 5.24 0.42 1.86
17.19 29.71 1.67 5.89 0.42 2.03

M 4 i UE G, =M R/ MES R 2R RE. ARERE R AT, =FRRHIE S 80 e ME
o), e RAER A fE K R . sl Gt EdRR RO, R EWAE R ROE R, JFH, X
W, Bt e SRR bR A BB, 5 IR DR R PN R R DA 7 I TG 456 01 i 2 I i ) o, TR
LS BRI A OSBRIy, BAL TR SRR RO o 8 iR
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Fig.8 Comparison between satellite image and original waveform about special points
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Tab.5 Statistical calculation of echo parameters

MR8 SRR BT, SCrP a5 8 1 24 ek 25 5o |
2 A5 $4 75 MR 2 VR R TR R AR 2 8800 B AL, 416 i, 3
T 3L 5 WO G BOE B 00 4 i S AR R iR -
WA 30O s B | 5 L SNR>17.62, 4% Kurtosis>
1.61, I E Skewness U & 0.49~2.02,
222 EAMIIEL RS oM

WA 2 R IE SR RS, s D0 e R4 T
e FEAE R AR I A T SO M TR S AR AR, TR AR
Pt O o5 J 1 5 A BE HIL3R LiDAR s = IR O 5 b
T E R AR . i T SO AR TR ] A AR I e B
VA TR T 8 I O JE BN R AR Y5 R X 5 P 3H 30 W)
X b 1 3 FEACERTE 2°LL T, X AR A B IE

Mean value RMSE
SNR min 20.34 1.36
Kurtosis min 1.97 0.18
Skewness min 0.71 0.11
Skewness max 1.74 0.14

IS AT LLZ IS AT o X HEOL A SRR S K
IR 2218, freJm T3 BB i - 5 WO U e i A B9
2 I E AN TR 25 . — B, WO A
MR 2225 T 2% KR NP J7 5w R 22 P 5 Z Hl
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Tab.6 Verification results of elevation accuracy before and after screening

Elevation difference/m

Orbit Beam Mean value/m RMSE/m Min/m Max/m
@® @ ® @® @ ® @ @ ® ) @ ®
1 —0.47 —0.44 —0.24 2.92 2.71 1.49 0.12 0.12 0.12 5.67 2.59 0.55
672 2 —0.80 —-0.49 —0.38 2.80 0.63 0.44 0.00 0.00 0.00 21.82 3.13 1.14
1 -0.95 090  —0.48 0.84  0.71 0.29 0.01 0.01 0.01 3.41 2.84 1.06
7 2 —1.98 -1.03 —0.42 245 0.58 0.45 0.07 0.07 0.07 8.65 2.29 1.17
1 -0.22 —-0.16 —-0.09 0.92 0.69 0.42 0.00 0.00 0.00 4.18 1.90 0.83
Ha0 2 0.28 0.10 0.06 2.81 0.88 0.72 0.00 0.00 0.00 8.32 2.84 0.97
1 0.15 0.08 0.04 0.60 0.61 0.54 0.01 0.01 0.01 2.89 1.95 0.97
1w 2 0.38 0.19 0.15 1.74 0.69 0.46 0.00 0.00 0.00 9.25 3.95 1.40
TE: OB T AR LS B QR T I (0 85 50 OB T I R IS 0 L = B
R 7 THERTE R EIERIE LS R
Tab.7 Verification results of laser points before and after screening
Laser points Percentage
Orbit
@ @ ® @ ® ©® @

Beam 1 53 50 37 29 25 54.72% 86.21%

672 Beam 2 65 60 50 28 28 43.08% 100.00%

Beam 1 74 73 63 48 40 64.86% 83.33%

3973 Beam 2 96 94 83 71 66 80.21% 85.71%

Beam 1 65 64 59 44 42 67.69% 95.45%

Ha0 Beam 2 55 53 45 37 36 67.27% 97.30%

11583 Beam 1 99 86 79 50 46 50.51% 92.00%

Beam 2 98 91 72 52 43 53.06% 82.69%

VE: OFRFZETTIRIE X RN S 86 @R TR 5 A 05 G @R T WA B VL IS LI EL G DBE T IR RRAE SR PL 1 (B S A

SO R S BN BRI 8 R MO R D&

AR O e 25 1 T, B SRR BOE AR B T —
SEBIFEHT . WAL 9(a) BTz, 1 I Bt 12 SC P e sE

HBE BRI 18 T G 5 L

A f I LU L, (HEE AR (B R N . th 2R 1R
AR, LT X A 2, MR B AREIR . HE
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Fig.9 Comparison between satellite image and original waveform
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