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Method and Experiment for Boresight Monitoring of
Laser Reference Cameras

Zong Yunhua , Wang Weizhi, Ren Yuning, Wang Qinglei, Wang Yan, Gao Weijun
Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China

Abstract Multi-beam laser is one of the hot topics in aerospace topographic mapping, where the core is the
determination of laser pointing. Laser reference cameras (LRCs) are usually used for recording, and the boresight
monitoring function and performance of LRCs are the key to ensuring the accuracy of laser pointing determination.
Firstly, a method based on a high-stability central prism is proposed to monitor and measure the LRC boresight,
and the calculation algorithm is given. Second, an experimental verification system is built, and the correctness of
the algorithm is verified with a Hexpod turntable and a photoelectric auto-collimator. The results show that the
measurement results obtained by the proposed algorithm are consistent with those obtained by the photoelectric
auto-collimator, with the error of less than 0.2”. Furthermore, the thermal drift of the LRC boresight is measured,
and it reaches 0.3" and 1.4" around the X axis and Y axis, respectively. Finally, the monitoring accuracies of the
boresight in different environments are evaluated. The results show that the monitoring accuracy in vacuum
environment is 0.02"(one times standard deviation), which meets the practical application requirements of the on-
orbit monitoring of the LRC boresight. Compared with the vacuum condition, the error increases 2—4 times under
the atmospheric vibration isolation condition and 10—15 times under the non-vibration isolation condition,
respectively.

Key words measurement; space instrumentation; laser reference camera; boresight monitoring; centroid of laser
spot

OCIS codes 120.6085; 120.0280; 140.2020

Wi BAH: 2021-03-18; B BHY. 2021-04-21; A BHE: 2021-05-07
HE&£WMB . RAMK =178 =M B HF5m H (D040105)
BEIS1EE . *2yh92700@126. com

1512003-1



F 415 F15H/2021 £8 B/ ¥R

1 5 H

WO B AE Ry — B 3hil & B, B RAE
75 HE I BERE B L 4 R B ] AR R P S, R
Z2 U SR O AT 0 R I 2 2 B RIS BN 2
AR T R L O B3 1 W A R
R B HAT R 0 52 i T O 48 10 32 BO6 48 A 5 34
ARSI | B 2 G A AR T S5 R i L A 1) A7 A B 3h B
% I — MR HIOE 2 % ML (LRO) id % Ot 15
] R PG B 48 1) AL 8 T R

ICESat-1 TLRE #3189 GLAS #O6 I w4 A
ICESat-2 TR #19 ATLAS 5% W 5 4 ¥ 5%
i LRC i ROt £ 8. b T #Sr#0eds 1 580
AR R KR XS H YL T X E R Gt
[ BRI G A S ) A DO B A X FE ). % R AT
B LRC A0 b A X615 P 2 o ) B2 A [ A8, 152 2 1% 38
K

SR S5 B Y — b R T S U XU B 1 A L/
A RE D 5 77 1 EAN R F LA 5 B AR X TR ] 171
PEAT AT . S T B I B I L (AL
FERRUE M 22 LI o A B L — Rl S XE LS N AL 2
A5 A7 B AR A £

AT R AR T e A LRC A 3
W7 ¥ ek B AR b i 6 & 250k, LRC
LT B P PR 2 25 WO AT B, 48 v] DA & LRC
A At R T T e b 58 1Y) e A AR AR I O Gk 21 A0
WA EH B,

2 AL R T ik

2.1 R EHRRE

LRC WAl s 3 an &) 1 fros . B 5, g or
TR SRR E 25 AT AT RO IR
WOE Z A A BOE T R L ME DR Y 7
TEH R BE N o B B R 2 il B B 8 1 i AT 0
MR g B At 1 TR B A0 2 1 B e R
A I AR E S EOLI . KI5 b R Bk
AT AT 65 A S % ML, A7t 20t 2 5 F bl
ik J5 WEE AN 5 R A AR TR (CMOS) 4R T 45 45
THTFE WA, 2 RSOGO B 38 e AL O 2 JBOTK
E PSS TE A 5L 5 BV A A S0 6 B 10 HE B 7
LRC R B LSS ABLRL, W] LUK #2557 A OO
PR 1 5 3 AR KUK B 5 Y2 I PR L T W — T o 2
ZHPLAX T R BE B, &5 S H ML
AL b A X v e e B e s L 225 AR BIL R MR B A

OGP JBT O K A 72 Ak T8 e AR 8 B30 3 T LA i
SR BN 25 AR B Sl i A2 A B B T 3% 3 40 Al M L
UNSRiUN

center | laser laser
prism | diode 2 diode 1
* *

equivalent
optical
system

CMOS

P 1 LRC W fth 40 i 2
Fig. 1 Boresight monitoring diagram of LRC
2.2 MBBEMEE
e 1 R, LRC bR &8 OXYZ, f 2 LRC
B, O b & 4. 0" ROl 5 45 808 Sk 1 32 45,
A1 310) B (200 3200 73 51 00 46 B0 6 BE BT L
TEZ AR 2N B AR5 o F I AT DA 2 9 S O K &

AO' BO' }1E OYZ FT M 55 0Z Bt fi
IR @ e 1E OXZ SEH N IR 5 0Z B
SN B B B L, L, 58I A S Y b
X WEBEE L, L, 5304 B S E) Y A X
il B B

W LRC MLAISE X B 35 7 10 WO o6 BE R
AR HE R A (i sy ) B (aa sy T 2
%

LSO EBE A ) AR 1 F 2, 7748 I F

L

tan(a,) = f (1
T (D A BUw S 15 3
, A
sec (a,) A, = Jfl, 2)

LTS

1512003-2



B'(2,,,y,) ‘,e’j

A'@,Y,,)

I 2 LRCHHZE X M s &K

Fig. 2 Schematic of rotation of LRC boresight around X axis
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I T7 75 - DR oy b S b BT (L8 60T
JEUD , H I AR B R F /5 b LRC B E E 7R
Hexpod ¥ & b Al DL b debi B2 & Y %O L OF
TEARM & IR RS HOLEBE. LRC A IFHLRAR i
P h 255 Kl 5 £ Hexpod #% 5 1 Hexpod 1 i
Ryl AEE AT R T, Hexpod #% 5 PR R #
1k 2 LRC AR st bl B A7 (35 gl i, 28000 4% B A9
WOEIETE 0 7 B 23 e AR 28 A AR AR X 28 AL
Rl 315545 2 LRC ARXS T b gk B i) 5% #1284k
3.2 HREREREESH

P A Al A D TR B R T R ik TR R E

1512003-3



HRiIEX

F 415 F15H/2021 £8 B/ ¥R

rh b 5 56 B LRC AL W B %, BRIk vh e 5 1) )
A E B R E

e B R Bk B 4 A O 6 TR R S 4R
AAE I R 62 E MR Zerodur T30 BB, 42
fE K R B T 107 /K3 8 AR O K B R

TE T Y B A T ) 22 4 4 R S R D) ARG 4 K
JAE % H2 R A S TR e b R A R AR I R A R AE
IR LR B R T AR R R Tk

Hoe b SR LRC #R2 E— DR HLAE SR v, 7
PR RS A B (201D C,
3.3 SRIGIEIE
3.3.1 HkEHMEEIE

e R FRE Ll ik B E LRC P28 X %l id 5%
R IRIE S B I IE WP . Hexpod ¥ &5 W1 UG 07 & N
0. W B B8 X oyl sh—21. 6", —252".252",
FERA B IF A LRC PR FOE R RS 5%
AR R R 2. 2 SRR R A A RS T AR LA il Y
AAUAR L IF 5 45 %2 1) Hexpod 5% 6 84 L KOG [ 1
FLGHEAT XT3, 2 RS W I E G145 3 a0
F 1R, o Ry, o Hexpod %% 5548 X il i %% £
BHGR WPHRR I ER B R LRC MLAIZE X
Fmas R Ry, ot A M B AU 58 X Rl
EATEG AR« NPT HESE TSRS 2 1Y LRC L Ah 58
X B s 5ot A B S R Z 2%,

F 1 FERE LR

Table 1 Validation results for algorithm

Ry, /(" Ry /(D Ry, /(M AR /(M
—21.6 —20.74 —20.91 0.17

—252 —249. 67 —249.52 0.15
252 232. 30 232.35 0.05

i 1 Al A1, 78 Hexpod ¥ & %8 X %% 3
252" P, B B S AR IO LRC WAl 4E X b
ML s 25 R 50 A W AL — 3, —H R RIRZE N
0. 17", FE 6 vy A #E ELACI R RS BE VU B, 50 0E T 55
T IERYE

A, N 1 A1, Hexpod %% 4 iy A% ff 5 52
PRt O AW ENSE RO FEBR RN ZES X &
TR A AR 22 T E, W s A ERE R A B
HE L AE R A N A B,

TR S, — MM, KA — Stk 51
LRC M2y B 7E 1", Ik Hexpod # & 4%
Xl sh £ 252" 0 8 B A B LS R,
3.3.2 ALEHIZA KA

LRC 5k H CMOS #& 144 i #8025 , CMOS ##

T AER A B & #0651 R 200 45 12 1K , 4512 o0 A8 Xt

FAIPLAL BR 2 AL A2 L 32F 1117 5 | 2 A0 AL 3l &% A

. A & A AR AT DL B RO el W D O vk A AR

BLERE 4 Fros eyl R g o7 i SR,

Hexpod ¥ & 5 # 1. FF 5 LRC, # £ AL 120 s,

R AECBE RS 5 0 A AR L H IR 2. 2 vk e

AHHLRLh B A A AE . HIRE R LRC A0l 752 4
AR K 5.6 Fin.

~12.25,

_12.30}

_12.35}

< —12.40}

&' 1245}

~12.50}

12,55}

12,60}

— caculated
——fitted

\
Al

(] I g A l
I ‘!I\J‘l il

0 20 40 60 80 100 120
Time /s
Bl 5 LRC MHZE X By s o 1

Fig. 5 Drift result of LRC boresight around X axis
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Fig. 8 Drift residual errors of LRC boresight around Y axis
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