%45 5% 10 BN & 2016 4 10 A
Vol.45 No.10 Infrared and Laser Engineering Oct. 2016

ETHERGF LT EIESEHREXN SEMEAR
]xé:m * Xﬂili ]31;,] T !
(1. LEFMAR IR, Lif 201108; 2. 48R TAE R A RN, L& 200001)

W OE: BB TERAAIMEESER IHREZ ARE EEFAAMNTHES, T LB EHH
NSRS EER R Ly E R R, TRABT B ASNEE R T XA A IR,
FNBT R THARAGE LG TR EESE BT TR EZXEHA, 155 AR LREEFLY
FaAFAL LM F R R e A3t FAEEEAR, RGBT B RABERGEF A G LN F45 A% ﬁ‘% 4/7
AR RAW A THAEREFTEGESE B RS FREARELA L= BRI 0 024
A, REETAT, BT a S BAFAS FAAESER, TER T EE%LJEJEMT%E%QE
FERGA TR R, ARBE LT EMMEL IR ARBEERES

KR, =RESERIF; AT HOERETE;, AT

FESES . V448.22 XEARER: A DOI: 10.3788/IRLA201645.1030005

Relative navigation technology of space non-cooperative

target based on imaging lidar
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Abstract: The imaging lidar has some advantages such as long detect distance, high frequency, narrow
wave, high precision of distance and angle and less influence of illumination. So the imaging lidar is
applied more and more in space. The application status of the imaging lidar was firstly introduced in
space at home and abroad. Then the key technologies of relative navigation based on imaging lidar for
space non-cooperative target were described. Finally, the simulation experiment of the spacecraft simulator
was given. The simulation experiment result shows that the precision of relative navigation based on the
imaging lidar for non-cooperation target is high. Then this relative navigation method is reasonable and
feasible and meets the relative navigation mission requirements. So it could be applied to on-orbit
spacecraft maintenance and serving, spatial manipulation of close distance space target, and so on. The
research of this method provides the technology reference for the engineering implementation in future.
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1.1 LDRI &%

% [ Sandia E & 5% ¥ & AY Marion W. Scott
1990 4F H 3 (BB B UG WO T B RS ) LA G |, 1% 58
55 %= T I H O 1% & 4t SRI(Scannerless
Range Imager), ZJ& , }ifi /& NASA T % | Sandia

1 805 nm B BL, SEHL T 640x480 15T K 1R 73 Ht
30 Wi/s B = 4E R RE 1 o B M RE 4R A 0
# 1 i~ , WA, X %E LDRI(Laser Dynamic Range
Imager) 5 Gt £ 2l Jo B 40 AE LR KAL B2 1T 5K
U A S X ALR ALY E e i, ZR G K
HAEFI H AR AR S5 R an il 1 0 2 frst,

X 1LDRI ZERHEEESH

Tab.1 Performance parameters of LDRI

Parameters Value
Wavelength A/nm 805
Power/W 12
Exposure intensity/W - cm™ 0.23
Weight/kg 2.27
Volume/cm’ 5.8x15%29.2
CCD size 640x480
Frame rate/frame - s™' 30
Modulation frequency/MHz 3.125,140
Distance resolution/cm 0.25
Detection distance/m >50

(a) BR%
(a) System

(b) Bz
(b) Target
K1 L SRT R 4L B A5 45 5

Fig.1 Scannerless Range Imager and its images

(c) MBS 1R

(c) Distance image

(a) AR

(a) Intensity image

(b) HESR
(b) Distance

(c) ME-FE K&
(c) Intensity-
image distance image
2 Po M AL FIWLAR B 1R 45 5

Fig.2 Images of P6 truss and solar panel imaging
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HAEE R RO AR TR B K 3 R, R AR i
10 Hz , BB 73 ¥R 0.254 cm, [ & 6.8 kg, IR BN T
0.028 m*, 30.5 m BE B9 4b 19 25 (B4R 2 o0 HE R nl 3k
2 pixels/cm, X P R G0 & NASA #HAT = M EG1ES
AEAAE B b5 16T 42 F AR

(a) (b)
€ 3 4 4~ ICCD fy LDRI % 4t fij &l

Fig.3 Laser dynamic range imager including four ICCDs

1.2 BEREFHEAERNEGELRS
1.2.1 LAPS K ZAMRBEHAEFE
JINZE K Optech 23 @] Fil MD Robotics 23 F] 20044F
& T 064 7515 LAPS(LIDAR-based Autonomous
Planetary Landing System), K FH7F K 280 B 1) B
AL 4), R THOCHG HE A £
RZJG , 4 Bl 25 45 68 0 K5 B I 7 AE BOK 1 Fl 2 9 Y
S X, LAPS WO BUR B A R AR AN T .
TAEME N 0~2km; WOGE Z AN 10 kHz;
375 Jg+1-10° s WA A 1 Hz s & 8 4 0.17 mrad;
G RE N 200,

4 LAPS ¥ R FEHLICY)
Fig.4 Real picture of LAPS

1.2.2 Flash MR F X

FE NASA T 2007 4F 12 HAFF KA T A&
Fifi A1 A& B 0138 151 H (ALHAT , Autonomous Landing and
Hazard Avoidance Technology Project) %5 ik 45
S BEORBOE R IS R A P R H Flash #06
ISR, AR RIRCRE R AT ER L AR
FH B A% U A —— £ 7 T B 20 1 25 i 48 0 6 B i )

FLER e/, 7 B 1 2 5 ) B B S Bk R, 2% 2
ST Flash HOE AR T 35 2 HRAA AR H AR,
%2 WA ELLARSMAR B

Tab.2 Current and goal parameter of flash lidar

Parameter Current Goal
Max operational range/m 1400 1400
Number of pixels 128x128 256%256
Field of view/(°) Fixed 1,3,5 Variable 6-24
Elevation precision/cm 3 5
Frame update rate/Hz 20 30

1.2.3 A TAT 2 FAuAe BOF ok = % g

H [ B2 e L R BT 5 T AR 4 30k =
Y JRAZANAE AT B AT RN AR i 04 50 RS 2 B A
FB, mBEBEARARNY, UZeitanrATIE,
B R A TR . FEMBOE . bk
R HERS LA I B2 AR S AL B R A
T, RS ARG MEOLS, BAmE
AR R Z s i, O L R i DR EER

i brid B ERGE R L3 T,

RITEHARTFTENRREZERTIR

Tab.3 Performance parameter of three imaging

lidar
3D I
Instrument o et LAPS Flash lidar
imager
Nation China Canada America
Planet
Function navigation and  Mars landing  Lunar landing
soft landing
Multi- Ilel
Working mode o p'c?ra € 2D scanning Non-scanning
scanning
Maximum
detection 150 m 2 km 1.4 km
distance
M
ea,Sl,lre 5cm N/A 8cm
precision
Field of view >20° 20°x 20° 1°-5°
Detect Avalanche Unit avalanche 128x128 detect
etector : :
diode with detector array
Frame rate 4 Hz 1 Hz 20 Hz

1.3 TriDAR SR 28
2006 4F il 8 K Neptec 23 @) ffF il 1 TriDAR Uk
i, MERES EEG 1R B AR B 3382 0 H2 (0 AR X S A
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Fig.5 TriDAR system

TN KT Ry L 3€ A K JR) Al Neptec 2 /) B &
¥ TriDAR R G AR5 "W R €L L AT T
ZWEIAT S5, £ HAT R 1k, TriDAR B AL 7F STS-
128 131,135 % = KMt K CHLAT 55 h 5 0F 7 H A
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TG B IR A B0 00 [ PR A [ 8 = BE , e
S EE RN EIRZENT 012m, BERENT
0.36°,
TirDAR RG 58 T 5 HE bRz

TERER “REGHE” A i T
(] 3 9 58 2 X&)

¥l 6 TriDAR REEAE STS—128 5 #AL 55 H 44 B (1 41 1 45 = Kdle
Fig.6 Cloud data from TriDAR system in the STS-128 carrying

mission

1.4 Argon &%

R SEIAR G VR R 28 AR | AR T R 4
Mk 55, 3¢ [ ik 4 2 [a] € AT bl (GSFC) T A IR 55 B
FIWF5E 08 %8 (SSCO) T 2010 4ETF K T Argon R 4%,
M TAEGAE BFRsc X P AT 20, R G+
BEH A o R AT WG AR L . — > 3D Flash
LIDAR Fl 2B IR ML AFL R, IF C 4 7E SMA (R 551
STS-125 ®AT I i fiff 1™, 22 40 38 % A B A
El 7 fros . & 8 s A Argon Hb Tl P 3RS B0 PR35S | B
ARTE SR R A7 25 000 e 8 A Sk b AR A D
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box(W

unit(PC

MDA RN 'ca}lqeas
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\
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¥l 7 Argon RGZEHY Kl

Fig.7 Structure of Argon system

e |
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" Fanuc

ull scale
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Fig.8 Test environment of Argon in NRL
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Inertial sensor
= AV : P
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Lidar navigation

Gyro bias
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navigation Relative position

data and velocity error
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O 7 FH O UG TR T 14 AR 0 A [
Fig.9 Principle sketch of relative navigation technology applying

the imaging lidar
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Fig.10 Technology flow of relative position and pose measurement

applying the imaging lidar
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Fig.11 Simulation cloud data of non-cooperative target
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(b) Simulation scanning data

1030005-6



a9 Gk AR
% 10 M www.irla.cn % 45 %

FHARE O HE R, R4 AN —=mEE4E  SMAMEMLmE 13 P, mBdsdi R g
FbR 10 U AL 20 D0 T B9 LSS (i B 500 B A O 07 B I & 0% 22 <5 om, A XF 35 2 0 & IR 22
22,10 HA XML E R RN INE 12 B, MHAE <0.5°, M58 BE R BORTEPREK

x4 AN ENEIRE

Tab.4 Error of relative position and pose

Parameters X/m Y/m Z/m 0/(°) &/(°) Wl(°)
True data -127.161 -99.370 8 -27.983 5 0.672 4 4.139 5 -7.627 2
Measuring data -127.125 -99.349 2 —27.963 6 0.284 3 4.041 3 -7.626 6
Error -0.036 -0.021 6 -0.019 9 0.383 1 0.098 2 —-0.000 6
True data 146.877 8 -81.276 1 -31.357 2 8.014 5 —33.763 2 -18.760 3
Measuring data 146.893 8 -81.260 9 -31.316 1 7.579 9 -33.932 5 —-18.489 9
Error -0.016 -0.015 2 -0.041 1 0.434 6 0.169 3 -0.270 4
True data 3.532 9 1.937 9 -130.176 -19.714 7 25.579 5 —-7.892
Measuring data 3.561 8 1.972 8 -130.175 -20.142 8 25.478 5 -8.050 2
Error -0.028 9 -0.034 9 —-0.001 0.428 1 0.101 0.158 2
True data 110.421 2 -78.37 —46.726 2 28.489 6 0.569 8 42.352 9
Measuring data 110.465 1 —-78.361 2 -46.732 7 28.165 2 0.802 7 42.375 3
Error -0.043 9 —-0.008 8 0.006 5 0.324 4 -0.232 9 —-0.022 4
True data 84.120 9 -32.027 4 74.101 4 27.019 8 31.569 4 16.577 4
Measuring data 84.165 6 -32.017 3 74.093 1 26.557 8 31.637 8 16.363 6
Error -0.044 7 -0.010 1 0.008 3 0.462 —-0.068 4 0.213 8
True data 140.221 5 —49.040 8 -14.245 3 9.933 -43.643 8 -7.835
Measuring data 140.234 5 —-49.020 8 -14.205 3 9.397 6 —43.742 -7.436 9
Error -0.013 -0.02 -0.04 0.535 4 0.098 2 -0.398 1
True data 27.267 2 -55.173 6 -61.959 1 -42.212 -8.463 2 -16.814 4
Measuring data 27.276 7 -55.138 1 -61.932 8 -42.582 5 -8.622 1 -16.733 1
Error -0.009 5 -0.035 5 -0.026 3 0.370 5 0.158 9 -0.081 3
True data 129.837 4 15.614 9 57.406 1 8.407 6 9.941 3 3.453
Measuring data 129.877 7 15.635 2 57.417 7 8.002 8 9.919 1 3.411 5
Error -0.040 3 -0.020 3 -0.011 6 0.404 8 0.022 2 0.041 5
True data -86.98 8 -71.182 1 -116.84 -8.533 8 -9.765 6 -5.431 6
Measuring data —-86.960 8 -71.153 9 -116.81 8 -8.930 1 -9.849 1 -5.337 9
Error -0.027 2 -0.028 2 —-0.022 0.396 3 0.083 5 -0.093 7
True data -113.11 111.290 1 55.617 3 -7.044 9 6.178 1 -8.465 5
Measuring data -113.077 111.317 2 55.631 9 -7.4325 6.073 7 -8.480 5
Error —-0.033 -0.027 1 -0.014 6 0.387 6 0.104 4 0.015
100p -~ Real data 100 —— Measuring data

(129.8374,15.6149,57.406 1)
(-113.1097,111.2901,55.6173) . (84.1209,-32.0274,74.1014)

(129.877 7,15.635 2,57.417 7)

50 (84.165 6,-32.017 3,74.093 7)

(-113.076 6,111.317 2,55.631 9)

(140.2215,-49.040 8,)
(146.8778,-81.27

(140.234 5,-49.020 8,~
(146.893 8,-81.26

Distance/m
Distance/m

~100 (110.421 2,-78.37,-46 ~100 110.465 1,-78.361 2,
" (27.267 2,755.173 6,-61.9591) (27.2767,-55.138 1,-61.9328)
-150L(2) H127.161,759.570.8,-27.98%) ~150L(®) (-127.1248,-99.3492,-27.963 6)

3.5329,1.937 9,-130.176 3),
(-86.988,-71.1821,-116.840 4)

(3.5618,1.9728,-130.174 8)
(-86.9608,-71.153 9,-116.8177

—T00 ; ¢ 700 °
-100=200 Distance/m Distance/m -1002200 Distance/m

200 200

100 100

Distance/m 0

Kl 12 F & 52 AHE S AE B AR X AL R b A

Fig.12 Relative position vector comparison between platform and non-cooperative target
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Fig.13 Relative pose curve comparison between platform and non-

cooperative target
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