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Pointing Correction Algorithm for Laser Ranging Telescopes Oriented Toward
Space-Based Targets
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'School of Geomatics, Liaoning Technical University, Fuxin, Liaoning 123000, China ;
Abstract

? Institute of Geodesy and Geodynamics, Chinese Academy of Surveying and Mapping, Beijing 100830, China

Since the existing telescope pointing error correction model cannot satisfy the needs of laser ranging
systems for accurately detecting space debris, a back propagation neural network model optimized by genetic and

Levenberg-Marquardt algorithms is proposed for correcting the telescope pointing error. A total of 102 stars are

observed in the station’s hemispherical sky area, which are divided into zones covering equal azimuth and altitude
space targets. Results show that, when we use the laser ranging technique, the telescope’s orientation accuracies in
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tracking

angle intervals. These observation data are used for modeling. Additionally, 12 stars are observed the following day
terms of azimuth and pitch for space debris are 1.89" and 1.21" respectively, and that for cooperative space targets

to evaluate the model’s accuracy, and the results show that its accuracies in terms of azimuth and pitch are 1.94"

OCIS codes

and 1.12", respectively. Finally, the proposed model is used in experiments to detect space debris and cooperative
are 2.06" and 1.46" respectively, showing a significant improvement over the traditional model. These results are
also significant from the viewpoint of improving the detection success rate of space debris.
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(b) training process of optimized BP neural network

@ w— train
- bes{
10°F R {s¥:
)
2 10*‘\
s \
% 102
]
]
)
=
103
-4 L ] ] | 1 1 1 1 | |
0 02 04 06 08 1.0 1.2 14 1.6 1.8 2.0
Epoch /10*
50
(a) —a— expected output
oL - @ - predictive output
< -B0F
X
g -100}
- -
% -150 |
<
] i
= -200 |
£
< -250 F
-300 1 1 1 1 1 1 1 1 1 L 1 1
01 2 3 4 5 6 7 8 9 1011 12 13

Sample number

50
(b) —a— expected output

40 | - e - predictive output

Pitch deviation /(")
— Do w
(=} (=} (=) (==}
T

|
—
(=]

|
Do
(=]
T

1 1 1 1

5 6 7 8
Sample number

|
[V
S

| I | | I I E— |
1 2 3 4 9 10 11 12 13

(=)

6 fH 2R A REE R . (O J5 0 22 5 (o) RFAR 4 22

Fig. 6 Test results of star data test sets. (a) Azimuth deviation; (b) pitch deviation

R T R GA BE M LM Bk
BP it £ [0 28 450 8 55 1L Ath, B 378 455 4 1) 3% 2 48 1F A A
FRORG BE ARG 102 JOUIE AL A% 08I0 £5 45 L 40 ) ) R G
PRBIR T e (7 B LA SRR 5 S8 BP M 4

PR AL UL K GA LA LM S8R i BP fil£2
o0 245 A5 0 AR, 0 H ORI Y 12 S R AR 25 1B
IS B SR 5 22 0o P A R B A T s A B B 4
I 1R 22 ) R 22 L R BT A R AR 2 IR .

2 TR RN R R 2R X T

Table 2 Comparison of RMSE in test data of five models

Spherical harmonic

Basic parameter Traditional BP Optimized BP

Parameter Mount model
function model model neural network neural network
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Pitch 5.06 5.13 5.01 4.98 1.12

M 2 FTRLE 5 Al B 378 BT 4 1) % I A5 A
A GA B LM B LA R BP fif 28 X 2% 458 7Y
(ARG A B 8 8 v, A ST R A PR AN O ) ) iR
ZHRF) 2" AN, T GA B LM B4k i
BP bt 25 o 28 45 0 75 B2 57 % 4 1] R 2208 1F b HA AR
RO .
3.2 ZFEBERRNER S

T BUEFT B GA SR A LM Sy

BP i 25 % 25 50 7Y 7 80 DU BB R G0 %80 2 1) w7 B
B 48 ) A B OB BT ST 1 GA SRR LM Bk
(1) BP i 25 (o 2 455 70 1 FHAE A 5t By Ll 06 0 B &R
gt w25 [a] B 7 #E AT BR R TR I xS 4R H AR Cn
Lageos fll Etalon 4§ T &) #E 47 B2 4K, 5256 v 4
SR T 12 A AEHBR R 16 A2 H i A, R
W A SO g th 3 NG E B AR A 3 A i B
IE A B B Y 1R 25 4 X b, S5 R I T ~ 12

1101005-6



h 5| b4 bl
< (a) -==-= before correction o (b) -==-= before correction
0 e — after correction — after correction
N . 0
E =20 Sean -
S 1
g 40t § o
R ‘ 8-
= —60 - \ 5
E Ve =}
£ 80t e
< .. Z -20
-100 e
~-120 1 1 1 -30 1 I 1
55 56 57 0 10 20 30 40
Elevation angle /(°) Epoch
Kl 7 Lageol TLERIMNRETR . () T AL 22 5 () R A1) fis 22
Fig. 7 Test results of Lageosl satellite. (a) Azimuth deviation; (b) pitch deviation
80 20
40 |- @ ---- before conef:tion 10k (b) ---= before correction
—— after correction —— after correction
o 0+ B Y g T
T ~ 0 W
g -40 - ; N e
g s / g7
g 120} o 820 ot
£ 160 - . ' 2 30}
z i e N N
E -200 ‘.__‘ ;l E -40 7‘\_“‘ :‘~--'
—240 1 “\ ,-"' =50 ""‘u'.~~'.-' .
=280 | ! o L _60 1 1 1 1 1 L 1 1 1
66 67 68 69 70 0 10 20 30 40 50 60 70 80 90 100
Elevation angle /(°) Epoch
Kl 8 Etalon2 TLE WML R . (a) 5 S0 22 5 (o) 7 4143 25
Fig. 8 Test results of Etalon2 satellite. (a) Azimuth deviation; (b) pitch deviation
80 20
40 - @ ==== before correction (b) - ===~ before correction
——after correction 10 - —— after correction
~ (g ~ O0OF
< _40H . <
3 ) C [M
2 -80f S
g 5-20f
g -120 E
< S < -30 f
S -160F T T e L. - = [}
= ST L R
g -200 & 40 S O
< g0} 50} "
_280 1 1 1 1 1 1 ‘—‘60 1 1 1 1 1 1 1 1 1

69 70 71 72 73 74 75
Elevation angle /(°)

9 Glonass103 T &2 A9k 4%

0 10 20 30 40 50 60 70 80 90 100
Epoch

o COJ7 7 Al 22 5 () IR i 22

Fig. 9 Test results of Glonass103 satellite. (a) Azimuth deviation; (b) pitch deviation

7o B TS TRV R 0 TARORS BE ARG L PRI O A 0 e S )
TR P 48 [ 158 25 B, 17 AR 0 2 [ B3R 5 %) 390 40 RS FE I
DA Y 4 ] 158 22 v 2 o 1041 15 25 15 3] 2 [R) i R L5
(38 ) 1R 25

MWE 7~12 TLLE . 4 GA BB LM &k
AL BP 28 I 28 K50 808 1F J5 1) B2 0 B G 18 2 1T
Xof 25 (A AE B bR ik J2 28 [ R, Ho 9 1) 4 B2 115 3]
K E . T #2500 GA BEM LM B4R

fE i) BP fil 28 ) 4 85 8048 1F J5 ) 2R 3 B 1Y 48 19 RS
JE RS AR 12 G AE HAR N 16 4> 28 [ 1 R
F 48 ] 15 22 - ¥ PR 22 HE AT Ge it 85 R ANk 3 PR .

M 3 ATLIAE R GA B LM &k
R BP 4t 22 0 2 B R A& 1E 5 14 2R 38 B3 35 1) K B vl
PLIK B 2" 22 A7, 346 1F 1 B2 4 5% 1 38 ) RS AT K e
P B v s ) E bR 08 B D B Ty 5 0 R I £ 2
AEEEL,

1101005-7



50

-50

Azimuth deviation /(")

|
[\
2
Do
(S

(@

-=--- before correction

———

1
30 35 40 45 50 55 60 65 70 75

Elevation angle /(°)

10 e 1 pg a4
Fig. 10 Test results of space debris 1. (a)

Azimuth deviation /(")

- ===~ before correction
after correction

'S
(=]

30 40 50 60

Elevation angle /(°)

B 11 25 E R 2 kg .
Fig. 11 Test results of space debris 2. (a)

(V9]
(=
T

Azimuth deviation /(")

[\V)
(=]
T

| |
[\
[==J ]

T

—
[s=J ]
T T

---=- before correction
—— after correction

30 40 50 60

%3
Table 3 RMSE of pointing accuracy of telescope (")

Elevation angle /(°)
Bl 12 (e 3 rilk g 2,
Fig. 12 Test results of space debris 3. (a)
LB TR MRS iR 2

Space

objectives

Before correction After correction

Azimuth Pitch Azimuth Pitch

Space debris

Space cooperation

objectives

156.63  44.36 2.06 1.46

139.23  33.82 1.89 1.21

'S
=

(b) -=-== before correction
—— after correction

e
f=] (=] (=]
T T
LS
,-
S
>
\
.
'
¢
2
g
.

(=]

Pitch deviation /(")

1 1
0 20 40 60 80 100 120
Epoch

o () J7 i 22 5 (o) FA0) Ml 22

Azimuth deviation; (b) pitch deviation

20
(b) - ===~ before correction
—— after correction
10
Lo
=
)
=-10
3
<]
=-20[
S
&
-30 -
_40 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180
Epoch
Ca) I Vi 22 5 Co) RF A0 it 2
Azimuth deviation; (b) pitch deviation
20
(®) -==-= before correction
10 L — after correction
;J 0 _\_/R/_M_/_
o .
2 '
T -10} 5,
S \‘ "\\
3 (PP S e S — JUTET T
=-20F  TTems i
S
[
-30 I
—40 1 1 1
10 20 30 40
Epoch
Ca) T5 57 A 22 5 (o) i A0 fi 2

Azimuth deviation; (b) pitch deviation
:I_.: N
4 én 1/1:\,

TEBUA 1 3 5 2 8] 7 L 3 Be b, FD IO
HUNGER s S 7l el I RNV 1 T (B0 s e e
PR PR DN A A B B 28  RUST /DN L TOUATORS 2 22 13 B e
AR L B2 e OGN B AR 8 B 5 ) A 1 R R
23 [A) B R R DU B Y O B . AR SCR T GA LA
LM F3E AL 9 BP i 25 W) 45 455 70 o & 1E B2t 53 1)

1101005-8



th i

M

G

FRmR 2% . R R G sl HO6 I EE &R 8 i 102
O S AR A 1 O30 35 2 ) R AL B 1 R
PREIRL Y e 7 R AR SRR 5 58 BP M 4
W ZE AR DL K GA A LM Btk i BP #i2
O 24 A5 TR SR A7l R U B 43 A L SE I 25 R WL, GA
A LM B AR ) BP i 2 ) 4% R R (RS
DA% 5 1 — F B 328 5 48 [ 1% 22 8 1E AL A, ] B 5
IR T A% 55 BP i 2 0 265 A5 700 i SI0EE B 0 45 5 [ A
Jai R B AR B B S GA BRI LM B Ak Y
BP i 25 ) £ 180 17 21 A6 50 B 1 sl 350 I B R 4
H, A3 RN T 16 A4S AS TR A 12 AN AR H AR, B
8 5% F8 [0 AG B AE 5 L AR AR 7 L 3 ) ik B 2.06"
F11.46" L K& 1.89"F1 1.21", S54& 45 B w55 45 1) kG i
FERUAH B, BT HE AR R A 4 BRI S 4R 1) RS JE 1 IRl e
Xt B8 A E] R 0 DN B By Al AT — A i
fEH.

2 % X #

[1] Zhao J.

precision of SLR telescope in Changchun observatory

The research on improving the pointing

[D]. Changchun: Changchun University of Science
and Technology, 2006.

B . KA T 32 TR OO0 I FE A R G5 4R 10
WA D] K& : KEIT R, 2006.

[2] Xie GC, Ye YD, LiJ M, et al. Echo characteristics
and range error for pulse laser ranging[J]. Chinese
Journal of Lasers, 2018, 45(6): 0610001.

WA, MR, ZEEER, AR TR O I B e g
PR DN R R 22 BE ST (T, B OE, 2018, 45(6):
0610001.

[3] Mao D D, McGarry J F, Mazarico E, et al. The
laser ranging experiment of the Lunar Reconnaissance
Orbiter: five years of operations and data analysis
[J]. Icarus, 2017, 283: 55-69.

[4] Bury G, So$nica K, Zajdel R. Multi-GNSS orbit
determination using satellite laser ranging [J].
Journal of Geodesy, 2018: 1-17.

[5] Sun M G, Gao P Q, Li Z W, et al. Real-time
prediction correction of telescope in day-time satellite
laser ranging [J]. Editorial Office of Optics and
Precision Engineering, 2016, 24(10): 252-258.
NI, B, 2R, . AR TR MO K
HEm SR g E )] 6 % TR, 2016, 24
(10): 252-258.

[6] Meeks R L.

estimation using pointing data[D]. USA: Colorado

Improving telescope mechanical error

State University, 2003.
[7] Lewis H, Lupton W, Sirota M J, et al. Pointing and

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

1101005-9

tracking performance of the W. M. Keck telescope
[J]. Proceedings of SPIE, 1994, 2199: 117-125.
Zhai SR, Zhang Z P, Zhang H F, et al. Research on
telescope pointing error correction of SLR in the
daytime[J]. Laser & Infrared, 2016, 46(7): 781-
785.
FARSR, AN, skifElE, 55 R T2 WO 8
R MR BIE LT ] . WOES5404h, 2016,
46(7): 781-785.
Gawronski W. Control and pointing challenges of
large antennas and telescopes[J]. IEEE Transactions
on Control Systems Technology, 2007, 15(2): 276-
289.
He Q H, Liu L L, Wang Y P, et al. Correction of
pointing accuracy of NJU-65 cm telescope [J].
Journal of Nanjing University ( Natural Sciences),
2005, 41(4): 356-363.
faffkz, XIFIF, FERMG, 5. B RIRY 65 cm KL
BB AR R B IE TR L], MR A
SRBFAMU) , 2005, 41(4): 356-363.
Wang B. Research on the pointing error of telescope
Shanghai: Shanghai
Chinese Academy of

mount in SLR system [D].
Astronomical Observatory,
Sciences, 2004 .

Eoul. TR O I BE R G HLLR 8 AR 25 1 BF R
(D]. Eif: hEFER LR CE, 2004,

Li Z W, Yang W B, Zhang N. Static pointing error
telescope [ J].
Chinese Optics, 2015, 8(2): 263-269.

BYRAG, B oCl, Al K EOE L B B R A R
WEMBIEL]. FEYEE, 2015, 8(2): 263-269.
Zhu C G. Research of pointing error modeling of the

of level mounting optoelectronic

satellite laser ranging based on BP neural network
[D]. Wuhan:
Earthquake Administration, 2013.

KRR BT BP M 4 0 TR OGN BE 2 R R
Th] % 2 1 AR AR 5 (D] . 2 : o [ b 3R Ry 2 A 5
i, 2013.

Xu K, Zhu Q S. An application of RBF neural
L1].
Microcomputer Information, 2008, 24 (33): 228-
229, 227.

VPBL, SRR, RBF #2826 75 4 1) 45 AL o (4 [z
0. #OFEHFR, 2008, 24(33): 228-229, 227.
Wang P Y, Zhu W, Zou T, et al. A correction

method of encoder bias in satellite laser ranging

Institute of Seismology China

network in global sky pointing model

system[]]. Geodesy and Geodynamics, 2013, 4(3):
61-64.

Li B, Sang ] Z, Zhang Z P. A real-time orbit
determination method for smooth transition from

optical tracking to laser ranging of debris [J].



G

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Sensors, 2016, 16(7): 962.

Zhao Y. Research on modeling analysis and design of
pointing errors for large radio telescope[D]. Xi'an:
Xidian University, 2008.

AXEE . KA HL B L B T 1% 22 A AT 5 I 5T
(D]. P42 Y22 7Rk, 2008.

Ukita N, Ezawa H, Ikenoue B, et a/. Thermal and
wind effects on the azimuth axis tilt of the ASTE
10-m antenna [ J]. Publications of the Astronomical
Observatory of Japan, 2007, 10: 25-33.

Negishi S, Kanzawa T, Tomono D, et al. Subaru
telescope improved pointing accuracy in open-loop and
Az rail flatness [J]. Proceedings of SPIE, 2006,
6267: 62673K.

Kong D Q, Wang S G, Wang ] Q, et al. A new
calibration model for pointing a radio telescope that
considers nonlinear errors in the azimuth axis[]].
Research in Astronomy and Astrophysics, 2014, 14
(6): 733-740.

Gawronski W, Baher F, Quintero O. Azimuth-track
level compensation to reduce blind-pointing errors of
IEEE
Antennas and Propagation Magazine, 2000, 42(2):
28-38.

Gu ] X. Research on the antenna pointing error of
telescope [J]. of Shanghai
Observatory Academia Sinica, 1994, 15: 205-211.
JBf A XLl 25 DK TR RGBT X 45 ) 5 22 5 0 1Y)
WEFE ], v BE o B b i R 3CH 4T, 1994, 15:
205-211.

Wang S S, Huang K, Li M, et al.
optical detection method of hemoglobin based on BP
neural network [J]. Acta Optica Sinica, 2018, 38
(7): 0717002.

FU, BUL, 24K, SF. AR T BP SR 4K Y I 20
HAE B ik [J]. Jese#4, 2018, 38
(7): 0717002.

Xu X, Zhong Y F, Zhang L P, et al. A sub-pixel

mapping algorithm based on BP neural network with

the Deep Space Network antennas [ ] ].

25 m radio Annals

Quantitative

[25]

[26]

[27]

(28]

[29]

1101005-10

spatial autocorrelation function for remote sensing
imagery[J]. Acta Geodaetica et Cartographica Sinica,
2011, 40(¢3): 307-311.

VRHE, phaie &, SRR S, 5. ET =W 54X BP #
2o W2 1B IS AR AR T E AL [T] . 2224, 2011,
40(3): 307-311.

Wang G C, Liu L T, Xu A G, et al. The application
of radial basis function neural network in the GPS
satellite clock bias prediction[J]. Acta Geodaetica et
Cartographica Sinica, 2014, 43(8): 803-807, 817.
FEB, MO, Ry, S AR Kk R B 22 W 2
e GPS T & &b 22 B4l th w0 LT]. 0 2 22 4,
2014, 43(8): 803-807, 817.

Xu B, Dan HC, LiL.

of asphalt pavement in cold regions based on an

Temperature prediction model

improved BP neural network [J]. Applied Thermal
Engineering, 2017, 120: 568-580.

Zhao T, Yu S J. GA-BP neural network algorithm-
based nonlinear inversion for high density resistivity
method[J]. Coal Geology & Exploration, 2017, 45
(2): 147-151.

B, T, 3T GA-BP 28 4 550k 10 w5 2%
Rl gtk R [0 0 I BT A5 R, 2017, 45
(2): 147-151.

Yang F. The applied research of the BP neural
network model improved by GA-LLM arithmetic about
the update of the datum land pricein Yan'an city[D].
Xi'an: Changan University, 2014.

W75 . GA-LM Bk il BP i 25 10 45 456 R 5 4E 22 17
398 DX o St A T P R ML T BF ST (D] . PE % KR
%, 2014.

Liu Z X. A study on application of BP neural
networks based on GA and LM algorithm in urban air
quality prediction[[D]. Jinan: Shandong University,
2015.

XIFH . 5EF GA I LM B3E b 1) BP fil 48 W 4% 7
I T s A R IO T R N A SR (D] . B IWARR
2, 2015.



