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Abstract: To analyze and control the errors from the single-
pulse laser emitted and the multi-beam detectors parallel
received, two-dimensional galvanometer sweeping structure
of laser three-dimensional imaging system (LTIS) in Chang’

e-3, this paper proposed a novel full-link error analysis and
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simulation method for multi-channel LTIS in which different
aspects are considered, including the ranging link error term
of multi-beam range channels (systematic and random) and
the angular link error term of the two-dimensional

galvanometer. Meanwhile, the error decomposition and
simulation procedures of systematic/random error parameter
items in the full-link LTIS are conducted to satisfy the
accuracy requirement of 20 cm for hazard detection and
avoidance in Chang’E-3. The experimental results show that
errors in the fixed delay, galvanometer encoder, collimation
axis and in horizontal axis have the greatest impact on the
accuracy of LTIS. Furthermore, different solutions are
designed to control these error factors effectively in the

proposed manuscript.

Key words: Chang’e-3; multi-beam laser imaging; full-link;

error analysis; simulation

“DEIR =SV HRIAS T 2013 4 12 A 14 H 21 i}
11 o3RI HECE R 7E A BRR T, 23 B 5 b s KAk
BB RS, tORIEHES L E YO EhSE B T H R
Fe =4 USEAR HBAD R AR AR Bl B SRR 3
6 =4k AR R GE R R A5 5 B B, TR
18k =5 BRI AR K Il 515 ik I B T AR S 5 P ) P
RIS A 3 i DXORS = 4 v R 5000 » 52 JB0 Bl %
RS B O B R UE TS R4S 5 T 5E L 20
HRPER.

TR =5 I WO BB 2R G R 5 ik o BOE &
55t 25 T0 R B R0 45 AT HECRTUUR B2 R 499 B4
Hri] L BEAETE 0. 1 s NSEBE 30° X 30°E Rt 37 Ry R
HEME TR E T R T LML Rl

ELEWH . ERERBEESES (41631178) ; WK E S B &R (2017 YFB0502900, 2017 YFB0503500) 5 I 5 TRk A 5 47 33+ R 5 %
HARGURIA H (18511102100) 5 b M AL 7 4R B % I8 B¢ B iR

B—VEE . 21981, B, 844, FEIFF I FAROEE S EERA LS 5755, E-mail: 1kf0129@163. com

Bl BAMEQ9T1—), B, B2, 4 S0, TR+, FEBF5 T M 48 s F 1 BT 5 B 7 ik 5 0.

E-mail: xhtong@ tongji. edu. cn



864 Il ¥ K % % ROH R B % 8O

F4T%

FIBR TSR » JOL R 2 G0 IR 46 WL B s AR AT
TE 2 GEME FIB R R IR 22 , R BOE il IX R AR 45
RGN HET. 38 RmE0E =48R B B A R]
1R B 77 5 £ B R XRZE BEATA AL, # F R i
BT A R FIRE T R RHE A A BT RP 7
B AR A ISR PME , S8 BBOEI IR R 4
4 2238 TE I B A1 2R 8 HHOKF AR I LA U
0%, FRBBOL U R GE 80 R VLI B » I B 8 =
Yt i 7. WOt = 2 S I B S B A iR A e
MRS AT REZR R SWNBOL R 5 R E
FROHE B2 0 = 4 AR A i 7 R R WL X 2 R
IR 2 000 760 — A4 B4 4 B ASOBT AL A B ROE R &R
SRR EZNTRED, TFENBOC=HRBE R
Gt B R B B B T S e R B R B PR R AT A
e W R B R ERARZE R R IO R IR EE
AR R BRI BE F T 1.

BRI IR =S BOE = 4R BUS R GE RN B T
BFRACRE T M ZRRBOURB AR 2
HEERRZZ AT S 0T BT M 2 BORFES BRI, —
HEPRGET BB AR EZR R, f A& R
BN BB L A 5 e LR M K AT BB IR IR 22, R 4R
H AR 22 PR 2R B 1R O vk 0T R B SR R TR R
ESROL=ERRER RS, R RS E KR T i
SN RAAHCE iR RS A T BOR ST

1 BEB=SHXZUBERREHBK
SRR
B = B WOR = 4 R R G RAR O 25

A3 RO R BOG R o't I8 4 A
POEAT A B 1B] I 25 BT, FEAR RN 1 B,

%ﬁﬁ [ _ %ﬂé _
R e gk wi | |
o i |
Wt | [zEw| [ww|  |WE
K3 ECEE I
i1
R4t
H 7

Bl SERBAZERGEREHRIGEEREBHR
Fig.1 Full link analysis of multi-beam laser 3D imaging system
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Fig.2 Simulation result of fixed delay error

for multi-laser channels
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Fig.3 Simulation result of clock frequency drift error
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Fig.4 Simulation result of random error in range link
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Fig.6 Simulation result of the collimation error
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Fig.8 Simulation result of the vertical index error
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Fig.9 Simulation results of full imaging link errors
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