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Indexes optimization macro model of
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Abstract: The staring imaging lidar, whose indexes selection influences the load of spacecrafts seriously,
is an important method for the pose measurement of non —cooperation target in space. Selecting the
indexes of lidar reasonable is significant, opposite to the traditional method by experience, making it not
only satisfy the demands of space mission, but also effectively reduce the load of spacecrafts and energy
consumption. Macro model for compatibility between indexes of on—orbit lidar and attribute of target was
proposed to provide a theoretical basis for indexes selection of lidar. Four indexes included lidar output
power, lidar resolution, lidar field angle and lidar ranging precision. The processes were as follows. The
initial values of the lidar resolution and field angle can be calculated by the scale of the target and

distance between lidar and target. The transmitting power can be acquisited by iterating the maximum
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measurement distance. The reasonable resolution and field angle can be measured by iterating the second

order parameters of the target surface depth co—occurrence matrix. The ranging precision of the lidar can

be acquired by iterating the result of the point clouds registration algorithm. The experimental result of

lidar indexes selection shows that proposed model can satisfy the requirement for the lidar parameters

optimal selection.
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Tab.1 Parameters of macro model
Indexes of lidar Attribute of target Initial value of model
Resolution of lidar mxn Reflectivity of target pr Cross sectional area of beam A,
Output power of laser Py Scale of target MxN Pixel width of lidar on target ‘
Field angle of lidar Po @ Texture parameter of target surface Efficiency of receiving device
Ranging precision of lidar 3D point clouds of target Effective receiving area A,
Range between lidar and target R
Minimum power received by lidar Puin
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Fig.1 Schematic diagram of point clouds array determination
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Fig.2 Point clouds coordinate of lidar
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FETE S s AV S AR AR BRI, E R 52 ) S0 B R
I B T2 T A1 18 500 TR 58 A5 00 TR 3 0 40 B 8/ 1)
W,

FEAY G B — G DX IR) K/ INAH 45 18R B e KA
i max, fie/IME R min, FECH L, XKy n, WA

L= max; min (8)

Emsr%‘lf%ﬂﬁlﬁf%%ﬁ,ﬁﬂwﬁ&f{ﬁ,éﬁﬁﬁ
TR A 1 A S PG jd,0) T B[P, J,
de)]LxLif REE LA B B W=[P(, j, d, 0)]0. RE
e AR R BT bR ORI R A
Bl BE B 22 50 (E (a, D)W B4 A, # T LS

FIEBH—E T 0 MG —EHRE d=\ a+b* K)HE
A

P@ jd,0)={[(x.y),(x+a, y+D)Ifix.y)=ifix+a, y+b)=j]} (9)
.0 o R 3R A B Y R B ), 3 R R 00,
45° 90°Fll 135° P44~ J 1]

I A VR BE 3 A R AT A3 T TR B JR 3 A =R
HEZ I S5 A8 — AN B2 0 A5 3 Y e A g B
M2 76 HER Al AR R R Ge it i, 7 4R O Sk AR
HEE (R RRAE S B 2 1, AR IE AL b 3. 4

0230003-4



b Gk T2

%24 www.irla.cn % 47 %
p(i j,d,0)=P(i j,d,0)/R, (10) 1.4.2 HFAAFE T 5= 4%

KR, WIEMALH 5, R URE S A b 23T R HFRABFR R FH A= HIE E SRS = 78

Z A, B AT DL AL B BB =2

RE L ASE R RS = . (1) iE T A A AR R 5 B bR Ak AR F 00 A XL %

it W, = ZZpl(leG)

e & 2 R E%ﬁ%%m%?jﬁu B
(B AR $0 35 5 VE 00 BE o RO T IR BE A A0 A B A R
WA PG j,d,0) TG EAEAHE , W, 5t/ H br 3% i 80
M, 2 IRR

L

L
1 Wa=— 2, X pli j.d,0)xlogp(i j.d.6)

i=1 j=1

W AE — R bR TSRy S e R B, &
BT T R

X HCIE O A RS ) Wam— D, D (=) *
P j.d,0)] o

W, B BT A W R 9 43 A I R R T A% 1 R S
b, MBS f R | W T 29 B X A 2 B (i)
AR W LBl 2 25K, W 78 ke 4 7R T S T X L
AV SO R PR 2R T A e AR R

2 WF; /Z,p(i J.d.0)/[14(i-j)" |

RN R TR, B IR SRR A
TR0 BE i I e TSR A HU R B L S AR W,
HAK T2 IR
1.3.4 ¥ EG P 5404

5 U7 24 5 43 B 52 6 A AR, T 45 58 T
G5 Tk (7 0 U7 5 0 0 TR AE | o T T 40
LT AT RO R FL 8 % SRR A 9 A

W |
W

AW Y o BT SRR M g Wk St
A, 8 25 0 B R R 7 A s e 2R E I SE .
14 B ZEBENRIE
HiiRHERERIER, FEELHs
AR A 3 Y S T RS R
1.4.1 BAFZIFAR T8 AR
Eﬁﬂéﬁ%?»ﬁfsﬁﬁﬁ CAD 5 #1 5 W 1k J5
MBS = 8 S s R £ 38 STEP A5 A 5%
Pro/E A BT 45 8] H AR A b5 R F I & .

‘se (1)

Hic £ ok

EAH, fEHARA R R T A Az B 5 o it S A A
N NP &

(2) DAAR AR R E & A DA 152§EP%'5%7%"5
13 n(n=1,2,3---) > i, R ax 2 ) i A7 I 2
Elﬁ]ﬁ,ﬁflﬁﬂﬁﬂi@ﬁ]Wﬁfﬂﬁ"]fﬂiﬂ!%ﬁ*

(3) IR J5 1) 1) 1) v, O B AT A AR AN ) R 2
I3 0 S A P R ) e, R AL R S ) A R
AT ) L = A AR bR B SR R AR A AT s Ak b A B
MR ABIRRT s 85,

1.43 b =B fEfx

FERLRI R AR B T 45 55 7% (iterative closest
point, ICP)H[l ICP 55 3k X i 2H A5 == 17 Bic vk

ICP B3 ¥E S BT 1 2 T fe /) — 3 ¥ 1) s R IT
Be 7 W, B A IR AT R G R AR T R R
AR A2 46 i o B B R A R TE B DT I i) Wi S i
[ T

Wt ICP Bk, ¥ HAR A bs &2 T sl FiH 5t Ak
bR &R A dE AT R, 19 20 e 7 0 BE R, NS 3h
M Ty, 3F 00 AT A4S o A 20 0 00 B BCE Ly, z
FZE 25 K08 rolly , pitch, , yaw, o K I {5 i o {5 F
17 HexF ] DL 3 iR 25 %%fﬁﬁ(&lﬂﬁ\] IR
A FC(12) , 0E IR D0 FEORS BE G 3 A5 B 0% T A I iR
R HE 27 1 25 1k K, iR EZW%%%&&ﬁx%
A E AT B R E A L,

[x,—x1< 0.1 m;ly,—yI<<0.1 m;lz;—zI<0.1 m

[roll,—rolll < 1°;Ipitch,—pitchl < 1°lyaw,—yawl< 1° (12)
K. x,y,z,roll, pitch , yaw A v & EAH

2 REGIFLLE

T BB A 7 S R O G S g e e T EE A S
BT VC++2010 4 ¥F 20 B8 % 72 M AL 47 T B ik oK
B A M B A b B R B e R w0 B AR 10 4
) i Ay B2 HEAT TR 0 B IE
2.1 EESHMENHE

T A A O SCHR 2 (], A5E 7R (9 2 B0 {8 1 o 40 3R 2

}3)‘.[’-5-\‘[12]0

0230003-5



ash Gk A2
%24 www.irla.cn % 47 A

®2 EEESHE

Tab.2 Initial parameters of macro model

Parameter Symbol Initial value c
Efficiency of receiving device n, 0.7 K
Output power of laser Pr 10 W
Effective receiving area A, 0.001 m?

Angl ical axi
ngle between optical axis 0 0° -0.3

and target surface normal

Minimum power received by lidar Pin 1 W

(a) BE—HE =

Pixel width of lidar on target t 40 mm
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Tab.3 Pose data of point clouds

Group No.  x/m y/m z/m  Pitch/(°) Pitch/(°) Roll/(°)
1 0 -0.75 1 0 0 0
2 0 -0.5 1.5 0 10 0
3 0 -1 1.5 -1 -5 -1
4 0 -1 2.5 0 0 0
5 0 -1 3.5 0 10 0
6 0 -1 4.5 0 0 0
7 0 -1 5.5 5 7 3
8 0 -1 6.5 -1 5 -1
9 0.3 -1 7.5 -1 5 -1
10 0.05 -1 8.5 -1 5 -1
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Tab.4 Calculating value of macro model and

empirical value of indicator

Indexes Calculated value ~ Empirical value
Output power of laser/W 14 20
Resolution of lidar 36 (h)x49 (v) 42 (h)x57(v)

Field angle of lidar 12.3°(h)x16.6°(v) 12°(h)x16°(v)

Ranging precision
of lidar/mm
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