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Pose measurement for cooperative spacecraft based on Lighthouse
tracking system and the precision analysis

Chen Hanyu, Wu Junfeng, Kang Guohua,Wu Jiaqi, Li Xu

(College of Astronautics, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: Current cooperative spacecraft relative pose measurement methods face the struggles of balancing field of view and precision as
well as lacking straightforward precision metrics. We propose a method based on lighthouse tracking system, which can balance both
field of view and precision and introduce a precision assessment metrics. The lighthouse tracking system comprising of laser emitters and
multiple light sensors realizes angular measurements to achieve relative pose measurement. Leveraging the angular measurement
principles of lighthouse tracking system, we present a PnP pose estimation algorithm. To address the precision analysis of pose
measurement, we establish an angular error propagation model for PnP problem, and introduces dilution of precision for attitude and
position as a precision assessment metric. Experimental results indicate that the lighthouse tracking system achieves attitude and position
measurement precision at the order of 0. 1° and millimeters, respectively. The dilution of precision for attitude and position demonstrates
a consistent pattern in estimating precision relative to experimental results, which can be utilized for a rapid assessment of measurement
precision and guides the optimization of sensor installation layout. Moreover, the angular error propagation model is applicable to
measurement systems involving PnP problems involved in the monocular vision.

Keywords : relative pose measurement ; laser lighthouse ; rotation laser scanning; PnP problem; dilution of precision

e A E DN e S S IR AR AR T B 1R] A A RS A e i
figp DR SRR LR
2Bk 5 M L2 & 4 (global navigation satellite
RITHE 7 RRE R IR R DR RE  system, GNSS) 2 1 J1 45 A J6 28 £ 5 o
BRGSO BAR B B Z R STy 0], b B HIZ 7 IR RBUAN T GNSS R 48, JFAF A A X S5t U5

0 3l

il

S H 9. 2023-09-24 Received Date; 2023-09-24
# LT H VLA XA T H (JSSCBS20210181) BElh



102 f# £ ¥

a4t

o A FRARXT S A T Ok E kY
85 't F, UG BB 2 2R A DN R/ S AR X6 A7 5 D
JE AR TT %

TE TR G AT SR b U LR EEARZ
AR SR AL G e U AR L A PR AFAEXE L
P A BB IR R X — AL 2
T3 GA0 TR Jg B 00 5 1) 4 Jey A PR 5 o | SR FH 4
FIHLSE B A A% . Matsuka 5510 32 ) —Fh 43 A 007
BRI IR I B AT 1 900, B B B 3 S A
AT AL [ 0 2 R 3E {5 R 47 R A S B8 R (R AR X IR S A
A RS /ARSI G — B T W R HEA
XPARZSAG T . 25 RSB T a0 A 2R AR T, 3R
S AR PEN R R ARG (B R AR £ B AT — e
LB R e BB AR A5 1] S50, X AT RS X 1L 24T
ST, Kaufman 55 48 H—F i F 2 S ARPLEEF T
FHXS SRR IR 1 vk S T 360 ° /KL, AT ]
TR AAIRE TR G BN CAT 12005 5% I vh A X 7
LR AR T3 TG B A R R A R i T AR rh
s N FIN

Fy—J7 I R RGP W A o FE
( perspective-n-point, PnP ) [A] PR SR fff o Fit o 29 8 B4R
PR 25 1 S ME L, G TR S A T B — o PR
P, B = 41 GNSS R Gt JLAHKS BE Al ( geometric dilution
of precision, GDOP ) X FF ] HLAT RL | AE B2 S Wil £ 15 22
sORE RPN TR AR, BT X PaP AORE 2 Hr 1) B, i B4
2 IBESE PoP ML, AR TR H AL P A e 2
B i DR 22 R B AT 2, $ 78 1 R e 8 A e
R 25 R . Wang 45" 5 — b 3 T L Ao Ak B 11 59
AR 2R AR 2253 BT J5 1%, A FH UG ARRAE X6 6 2 S 4508
A0 A0 BRI SR AT R AR AIE 00 2t 9 07 223 deE 13 22, {HX
BESCRR AT X — AL ) PoP ] U R EA T 5T, £518 1Y
i L R BR

BEXTLA BBl A SCHE R T — i THOCAT I R 4
B VR R A AR R 7 2800 1 )7 v | i I IR AL Al T
Berp s ) R A A5 () PP 8] B8, S ] A 7 REE A
RS BE B A AR S M0 A7 5 Rk B . BE X £ D v
W i) PP [A)EHATRE A4 42 10 T PP [R) i i) 22
A L EAGRE R A BE B A RO B R G A 2
W R BE

HOBIT ¥ (1aser-beacon/lighthouse ) J& — F i Fi e 7
WOCI R I AT I A A BB IZEOR BT 20 i
22 80 AEARHE Y, N H T 4 A AR I o | = P L
VR 2453, 7D Kinematic Metrology N F) B indoor GPS
(iGPS) R G | KM K4 1y TAE 25 e I i 52 7 &R 4t

( workshop measurement positioning system, wMPS) 61

PL&% HTC VIVE 24 Lighthouse 2487 #5857 FH T 2548l

JEPRFEA T . HHP Lighthouse 3 48 78 T 4F SR bl 5 HAE
VR {2 i3 8 M, 51 1 HLas AR e sl it 58 N
B2 2488k, Tkbal 25" X Lighthouse £ 48 HEAT T 5246
O30T, BRI 220 T 3 mm 0. 5°, e KiRZE/INVT 11
mm . 1°, Bauer e 019 5 g 3F S Lighthouse vk i TAERE
BSA[IA 7 m, SEE SR Lighthouse 340 Y € SRS %5 8 b =2
KPR RGHA KRB RG22, 5 B KR %
Al HEIAE] 4 em,

ASCESCBAR T HOGKT R R G000 & B 5F 5%
WOCKT B ZRGE AR RS, 28 A B 1) LR A T A 5T, 4 i )
FANIR R it~ B O i 2H U A S 80, ST PP B 5
AT 2R 5 1 — AL BIFTE A7 25 D e FEE VP A ) T X
JGKT B 4 15 R e, e 7l ] PP I £ 15 25 1 B AR
B OWE T iZ RGN L EK B W T (altitude dilution of
precision, ADOP) . v B &% J& K F ( position dilution of
precision, PDOP) VE It BEPEAL TR AR ; FeJo 1 B SL IR X34
JCKTEE R G P AT A Z0KG B DA AR R A A A5 1 AT
T Bk,

1 BkTE TSN AEE

AU 2200 8 22 8 PR OB KT 38 e A s DA B
P b B AR FE AL B, R AEFIME RS TAE 7 =X 1 R,

WOEKTHEAE R BB A 2 1 58— 5 5 S
R MNEISE Y X AT AR AR 2 w K
HR XY R S ], AN 1 (a) TR, ISR ZE 30t
FE 25 [RGB AR 1, 20 56 OB XT38 1 X
Y5 AT R HOE R A A AR E A
B, O THE AR 25 St IR ek o, A i 3791 Bl A9 A
RAFRAE R [R5 5, AR G [R5 bk o 5 5 1) G A
AT LA A iZ R 2545 5 B B A H 6 o, i 06 R
XY FHAROIAN 22 m, S2bR TAER A & % H el
P ACIIIESEUR): &/ dp::3:1WASE75 - W S ERE DI
UERE,

BT R 25 20 4 't v 1 JR 38 VB0 Ak 21 fl 8%,
E 1(b) Fias, TGS AT 3 i & 5 0605 5, A
H B AERTROGAT B 007 48, A 8 PR I O T | ik
PR RN Ha fife 2 T e Ui B 1 e L {5 5 e Ak B
Jok b o A 1 (e) Bios

HRAEH LTI A F B | ot AR B A — A 0l
JE i BB KR S B 1 (e) iR, A HEE
WA T 78 1, W2, BHOEHR X S 3Ok X fiE
Pl BE AR, PR RS E2 I BN B LT 38 & 5
B RS 4 s ) 28 fikoop X, L B TR R E A G
UR1E 5 5o, B2 FIRETR X Fd el A s, 5 B e b
o X R b Y A kel Y L TR



5512 1

DU 26 S THROCKTIE I S ARATR & (0 0 i 7 5 MRS RE 7 Hr 103

(a) WOLKT B
(a) Lighthouse

14
t

| ' VA §
o) v

(b) Dt AR RS LA A B R

(b) Photoelectric sensor and its data processing module

ERE Y Gpponx mMerX RSy EHEMEY RS X
1 [ D [ 1 A R I B
1, l t=1,+T/2 ty t,+T t
(c) f& kA5 H B ik v 5

(c) Photoelectric pulse timing diagram

K1 BOEKT B 280 i R GERE

Fig. 1 Diagram of lighthouse tracking system
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Table 2 Statistical results of pose measurement error

DW e = 1 2 3 4 5 6 7 8 9 10
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