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Abstract: GF-7 satellite is equipped with the first laser earth observation altimeter with full waveform recording
ability in China, which can obtain a wide range of high-precision three-dimensional coordinates, and its
positioning accuracy is highly dependent on the measurement accuracy of laser pointing angle. According to the
characteristics of data, a centroid extraction algorithm of ellipse fitting spot with threshold constraint was
proposed, and a long-period pointing angle stability monitoring system was established. Firstly, the threshold
method was used to determine the edge of the laser spot contour. Secondly, the influence of porosity and noise
was eliminated through corrosion operation. Then, the shape of the laser spot was further constrained by ellipse
fitting, and the characteristic parameters of the laser spot were preserved. Finally, the centroid coordinates were
extracted by using the gray gravity center method. The experimental results show that the centroid position of the

spot changes within 1.4 pixel, and the corresponding pointing angle changes within 0.434" per month, which is
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relatively stable. The related algorithms and conclusions in this paper have certain reference significance for the

development of laser altimetry satellites and the monitoring of pointing stability in China.

Key words: GF-7;

analysis of pointing angle

satellite laser altimetry;

0 31 &
TR T AR DR A T LA b A B4 Bk v K
BERRRS B, W2 502 60k, HE% i O B Ok

=

IR E LAY, EEER S MR REE
T 2003 4F | 2018 4F I T UK . = Rl b e Bt T AR
(Ice. Cloud and land Elevation Satellite, ICESat) A & J&
SL T B ICESat-2, £t b A8 Ak W | ARl A g D0 o
e A v R ) S AR S A 2 vz Y i
T E AR IR G L 3 M, T 2019 45 8 1) & 5 B A
BN E M ELRT &L TR
(GaoFen-7, GF-7)P %,

TR OGN R AR S R FE O TR0 AR
D B O, TS ) AR FE S OGRS L R AR
ol S FUR RS 2R BB ARG OB BT O Y
AR AR Ak S RO 2 S Z A AR Ak, (RIS AZ AR
IS ERZ 2w, JCBERE B0 A . TR RFHIE SE S5
S RAMB AR . ICESat & #8538 T ot &1 i /4 51
AL (Laser Profile Array, LPA), FFic SE30E & 5 B
ZIHY OGO REZAR i3k & 55 I Z0 B0 RE & 73 A1
KN B R SFFRE S HUY, Sirota 5 AU i 2 45 11
B O TE O 2 % 12 JB4Y (Laser Reference Sensor,
LRS) HE4L () AR AR A8 Ak, B0 5 A AHE BB 175158
(AU B2 AR A A A AT AR, DR AR T A B B O 4 [l
f5 B o Van Waerbeke 55 AU 2 H —Ff g OG5 B0 42
BUAT, SRR E EBE | R, SCBDGEE RS i
L, {H 5256 25 IR0 LPA J65E 0 A8 A 42 UK B
BAK . Quine B. MLAE A 4y — B AR JC 408 1 5
SRk, R T (G S 1R L G BERRAE, B0
P& IORS B2 SR T BN I R R 2 o0 BRI 12.8 £, E I
SOV e 3 K B S AL OB B0, IRl
T AR B 1% 7 A T S, (BRI RS T
AR Z T B OCREE U . o /VBEAEN 1O R
B O U VR SR LPA 45 G BE I O A s 5 S
B, S 3 S B e 2R O AR 1) AR AR AR BE Ry 97,
H 2 Y S B Y1 6] N A7 7 B AL 75 92 0 T RO 38

laser footprint image;

centroid extraction; stability

2o AMEPFEE NI R B A PR O BE L, H
AR IBORS BE 4R T 51 0.3 pixel, I3 1 8 B ok S0
KRR, e B A A A8 A A 1 ] S 9 JRLDI P, A 38
e 1) SR 22 B B4R I SR . OB 2
SRS [ 7= SO I e T A2 0 o 4 ol A SOG4 1)
e B e ) B A R S

S REOET RGBS HOL I = XSk,
AL HOL R ETRIBL . BOBCRIE PP B 2
ENAHPL S ORI T B B, 5 5 A T 2R
JC R 2 O EHE . MR, A5 B R N2 AR ]
EVLHIBHEOL T 32 3 2 B2 | OGO CIRE I 7E ) 3
T35 6B M AL 32 2 T X SO ROL BEE
Ay G, S8 A 1 2 R R 7 5 WO A S Rl i 10
SR R A 2, TR 22 7T R TR | AL ARHESE
AR A N ER 5 DR 11, 75 B Al M AL AR AL ST P 8 A S
VECHh AT I, (H e — i PRI WA 2RO LA
SEANEAE BE o M FOGOE B 5T i BB 5 1T LAAS 3
JCAHXTHE 6], R ENRIHLADE A AR LR A B T 5 v
PO Hb T RE A R L

X AR BRI 7, GBS U A 3k b 43 52 5]
T R RO R, JC R R SO R M), R SCER
B G ME LA AR BUTUL AR A, D SC AP 9
T B AR 2 TR AR [ 0L B £ OB O DR R A
T (1) B T SR L 0 E LR R 2) A& T
& Bt — P P BOLBE R, 25 Bk W52 5
(3) 38 it (B0 5 it — 28 A RO B AR s (4) M AT
AR BOLRETUL .

1 BB SHE

L1 SRR

GF-7 TLEBOLI & REEBL# A M5 HOL 2 BT
HL (Laser Footprint Camera, LFC), — {5 #0665l Wi R
FH#L (Laser Optical Axis Surveillance Camera, LOASC),
WE 1 s, PG 2 ETARBLZ B IR 55 T PN BOG &%,
FEIR] LB SERET , A2 EVRHAILIR] X SO A S EHEA
AT AR DG AL G B N 2 IR

202105392



s Gk A2

% S2 4

www.irla.cn

% 50 A

TS B AN BOE I BE AR, AR & 07 & G &
SR W IASCERAE A | R A N R A ARk

wE 2 PR, WA & AR 0O &2 B2 &
1&2(Laser Footprint Image, LFI), {4 % W 8 A #L 52 1%
(Laser Surveillance-camera Image, LSI), K/ A 550%
550 pixelo o, £0 6 HE B X8 A 4 B4R IR 1
PO GEE, W €A 1 DX I8l A % 07 5245 L IR 2 AR
JEOGTE, fEERSEAR SN B «/NCEE 2 B I O e T
FEARBL B RAR o AR Ge O 3 O B 2 2 51 0 506
U5 SR — AR, L BN AR R B X EE L 35 5

oy AR, BEFARR R 25 | DA R S BA i S A R

+0.7° laser emission path

~"| Beam expander

{14 by , 35K A b ) ) R R (L5 O G B SR (AR
T, ST GBE AR, B A G A ME LA R
FBOCTEFTC o X T WAL RN S, th T 5t
— B G E AL REAE SO R O T R A R
SCHVET R AR B IR [ 4 AL 1 RN s 4
AR PO I e T3 A R 5 7 i SLAO3 AR Ry S 5 5k
P, K GF-7 ZERLSI SEBE 0 AR BRAE R s, 1) D J
P’ 20 pixel JE B 40x40 Y I EN 1% . WAL 2 1% 41
Fo BB AR R, & BT AR AR R, X
FREARM T, PR 1 GBEY R A2 1 AT I AL br
9 (102,242), PR 2 EEEY) B A2 b AR OF AR ARl

{ Laser |

= Bl = “Optical fiber
/ Jretarder
1 [f]:, - —0.7° BSelf-checking| -
N4 B \ LFC ||| light source
) = [i Laser receiver
P & o
- I . p—
' A
- — H:_ ——— - — [ OASC

[ﬁser i

Beam expander

—0.7° laser emission path

K1 BB ETAIL., #Ot

)

Laser receiver

+0.7°0 11 Self-checkin,
LFC i light source ||

N Ggfical fiber
. retarder

SCH AL AR AL

Fig.l Imaging mechanism of LFC and LOASC

LFI1

Laser 1

LFI 1&2

Laser 2

2 SERETEROL R ENER. WOL UL LA
Fig.2 Distribution of laser spot on LFI and LSI

20210539-3



ISk A2

% S2 4

www.irla.cn

% 50 %

(198,143); XF T WML AR &, R 163D v A2 |k
BT T A AR R (40,291), B 5R 2 0GBEY] v 42 A&
FTHT AL AR (208,138)
12 REELE

JK % B 0> (Gray Centroid Method, GCM) J& 5%
5T P B 28 MR AR B AR X8l P R B 43 A TR T
AR RLER, THRDEBE T O Ak A, BRI & S BETE AR
IR ™A 1 (B S 58 284, e RO B R, BT
O A BERUAI, AFR B i 1 J0 1 e 2 SR
s SR e . R AR (1), ), H
H(QCY) SR ZOBTER 0 AR AR, 1G,) FRFFEAR L5 i 17
557 SR IKBEAE, M. N FRFRZBATHNN A, e/ IME

(M

2

1.3 HEAROHENERORREE

XF TR EAR G5 LA KA Bl X 2% 52 3
FEHW) I S, S AR ) S5 A R R A R
SRR — o ) {24 SR A A8 [ 4005 57 (Threshold
constrained for extracting centroid of Ellipse Fitting
Method, TEFM), #1& 3 iR, 50 LT ILAE .

(1) ZERIE SHYREN . SEBOCREAT7E 0 B 1) 2
BRI R, MR o v AR GBS ) AH B
HOR . G et KR, &I 5 DCHUK BE 73 A B
J7 FAEAETE 2 000~3 000 Bl AR AE . U1 218 £ Bk
MMy, R VA E LR fELD 25 2 000, M 4(a) 7R

(2) B T E B AR BOLR R . A A
) A BIME T, #fE LR RIS R, 485 —I)
235, BN T BB AR TT A N 0, 18] 4(b) Dy b PR 4
R, FAAE— T3 2 DI 1 Rl

T=1/¢ xmax(ZMlEN:I(i, H-2 000] 3)

=1 j=1

(3) B A AL B G BRI o X B IES AT

Inital extraction of spot contou
based on threshold method

Removing small noise based
on morphological operation

Spot centroid extraction Further extraction of laser spot

based on GCM based on ellipse fitting
N Remove invalid data
Yes
i
Yes

Spot centroid
extraction results

I 3 Bk

Fig.3 Flowchart of the algorithm
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Fig.4 Threshold constraint algorithm for extracting centroid of ellipse fitting
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Fig.5 Accuracy analysis of proposed algorithm
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Tab.1 Accuracy evaluation of centroid extraction algorithm for footprint image(Unit: pixel)

Mean Range RMSE
Method
X Y Y X Y
GCM 2.565 2.522 4.941 5.185 2.512 2218
TEFM 0.062 0.071 0.092 0.088 0.052 0.081
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Fig.6 Spot centroid coordinate statistics of LFI of laser 1 (a) and laser 2 (b)
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Tab.2 Statistical results of monthly mean of spot centroid coordinates of LFI (Unit: pixel)
LFI
Time Laser 1 Laser 2
X Y e Y
Mar. 120.83 263.71 216.32 162.51
Apr. 120.50 264.51 216.88 162.63
May 120.35 263.88 216.85 162.56
Jun. 120.37 263.79 216.87 162.36
Jul. 120.52 263.90 216.93 162.10
2020
Aug. 120.63 263.28 216.81 161.65
Sep. 120.51 262.26 216.72 161.53
Oct. 120.11 261.85 216.35 161.60
Nov. 120.33 262.02 216.42 161.64
Dec. 120.37 262.30 216.31 161.82
Jan. 120.49 262.55 216.00 161.65
2021 Feb. 120.36 262.55 216.81 161.17
Mar 120.45 262.67 216.62 161.68
Apr. 120.43 262.63 216.63 161.07
os | (a) 2645 | (b)
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Fig.7 Changes of centroid of two beams in X and Y directions on LFI
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Fig.8 Centroid coordinate statistics of LSI of laser 1 (a) and laser 2 (b)
£ 3 ABMB G ROLITE A BEGIHER (B pie)
Tab.3 Statistical results of monthly mean of spot centroid coordinates of LSI (Unit: pixel)
LSI
Time Laser 1 Laser 2 Distance between two spots in the LSI
X Y Y
Mar. 57.18 313.10 228.01 156.67 0
Apr. 56.93 313.35 228.63 156.31 1.05
May 56.51 313.39 228.84 156.14 1.66
Jun. 56.41 313.35 228.79 156.09 1.71
Jul. 56.52 313.32 228.81 156.29 1.48
2020
Aug. 56.08 313.68 228.77 156.18 2.09
Sep. 55.99 313.75 228.68 156.22 2.11
Oct. 55.77 313.63 228.82 156.62 2.03
Nov. 56.08 314.031 228.71 156.22 2.26
Dec 55.93 313.74 228.67 156.50 1.95
Jan. 56.22 313.62 228.56 156.62 1.49
001 Feb. 56.50 313.51 228.79 156.49 1.47
Mar. 56.47 313.62 228.59 156.56 1.38
Apr. 56.48 312.99 228.82 156.25 1.33
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Fig.9 Change of distance between spots in the LSI
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