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Fig. 1. Schematic diagram of LRT: (a) Target projection;
(b) data back-projection.
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Fig. 2. Schematic diagram of LRT radar prototype, where R is reflector, NPBS is non-polarizing beam splitter, APD is avalanche

photodiode, Pin is positive intrinsic negative, SMF is single mode fiber, and MC laser is microchip laser.
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Table 1.  Key parameters of the LRT radar prototype.
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Fig. 3. Typical space debris model: (a) Structure diagram;

(b) diagram of shielding effect.
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Fig. 4. (a) Diagram of the experimental set-up; (b) diagram

of 1 km experiment verification.
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FH 253 35 08 5 08 5 818 L B, AR S0 B SU(E
0.015 m F1-0.015 m, HA R — 2 EM G —1
ZME R —IE — s — i — I I LA R 5
HAETMBR, Tol 4 w1 FH A (B X3R4
AT nE 5 i TR a B, BB AR (A
SN R A FE AT R 72101 1078°, 5 £ £ FE O ]
P[RR S 2 R T, R R o 3570,
S S— XN 360° KB
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Fig. 5. Multi-angle laser echoes and the peak point range

determined the period of rotation.

T 23 (IR 7 2l R s, P A e — 1> ST
PISREERN M RIEECH , BlanE 5 s i) —A R A
S 51 2H [T R K AR A0 0 SR 4 B A [ B
MU AN 4 32 JR I R A 3] %) 30t 5 A TR R, b4
JE A5 BN Bl — JE P A RCR SRR TR B 1% 0L 1 4= Ff)
JE O [ P R, A&l 6 Firas. A3 Hr HEIg (e
PR B R B KB M 2.352 m, Tids/ME N 2.160 m,
3R 2 U S A S B A [ ) RO B AR 22
R AT LIGA ] 19.2 em; F 22 £ 5 [0 Ko i A
JOC S ) i, ARAE ST IR H AR B O 25X 12U

7e(¢) = d + Rcos(¢ + ¢p) (14)
PR F 4 0 BE By 2.250 m, 1A 2 i 500 B B
S BRERYIRZE N 1.50 cm, XTI EZNE T Hix
ST PRGN B R, MHILER b G T R o
oK PRI e ) M LA ST o = S R K G
2% A RAR o S JEE A 4 28 2 K ) oo P 0 1
3.0
2.5
2.0
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100 150 200 250 300 350 400 450
Angle/(°)

6 #2FE2MERCERABERELERLR  (a) M
TR X8 07 [ 30 K54 F) FBIP T B85 (b) o™i ot 1o [ 36 4l
¥) FBP A4 [ %

Fig. 6. Multi-angle laser echoes after completion and recon-
structed image of target: (a) Image reconstruction by FBP
based on the echo data of concave surface; (b) image recon-

struction by FBP based on the echo data of convex surface.
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Y [0 902 50 2 v T, 3 0 e T o A T XS 7 ) [T 82
BT FBP EAY, it B s ARG IE 5(a),
(b) . B TR B bs 5 B0 2 0 A0 X2 B
IR ISR A B i B 3, DRI E A R
F B BRATER st PSR, TS B S I 6
T RS TR a X7 G (EL 5 B B S 354 HAs
H bR E A FGAMER o™ X 07 A [ 9 B0 115
{1%) F R4 PRV AR 0 T TR O, 3 A2 p TV T A2 3B 4 850
s B S 5 1 T T, PRI S XU B A A R
FH T X JOE P D 30 500 R A5 1) B s oA PRI Ak 3
SE.

AN 4 i 8 ™ o % g 1 [ B s i 4T FBP
A, FUOIEEIERTE R FBP EAEUR AN 7(a),
(b) s, KRENRIRE A 1°. 43 B% FBP T4 K%t
FrB(E sy BIALFE, 52 7(c), (d) Fras il BE
Sy EIEIR. FEBIE 5 # IE{% qﬂﬁﬁﬁﬁ%ﬁﬂ}ﬁmﬁa%

ghEg ) I AR AR IC S

. |

B o7 SREEE RS 1°H B b A E RS R
FBP E M EME  (a) BB K IERT; (b) B0 3K I
. B EEG () BULEEBKIERT; (d) FL R
EF

Fig. 7. Target reconstruction image with sampling interval

A i S AR

of 1° and barycenter determination results. Image recon-
struction by FBP: (a) Barycenter range before correction;
(b) barycenter range after corrected. Threshold segmenta-
tion image: (¢) Barycenter range before correction; (d) bary-

center range after corrected.

s (12) KA (13) KA RE 7(c) R
DARAR A (63.9735, 60.2458), FIEFRIC; LS
AR A (64.5000, 64.5000), HEHEARC. 144
33 —F A 4.2867 MEER, M 1 MEERE X
0.3 cm ARG, 15 8 B0 25 1 5 #R i

O ZBIRIBEES R 1.29 cm, BB Co 58 12 22 B0 8
50 1.29 em. T ZHE H A, &R O 2
AF e BN L TR ML T 174 floh 2 42 B o) 17 P 000
B 981.9 m, NAE T o Afrax &R o Elcdls KR A D |
I B R R 25 0 50 R B A TR OE
HEHHAT FBP EASRRIE 7(d) PR IE G 1Y
Ho B E G, T LLE B B0 B i e 45 58 5 #ie
B, ARG (12) 2R (13) X EA R R
OARFR R (64.5293, 64.0195), 5415 5 i i Y i
O E IR 22 IR E M6 A 0.14 cm. b, F8IE R Y
BG4S B AR TE 2 J S i BAnie B, 7EE AR
A 5 em X R RE A, EREERTSH
B RS AR — B0 A8 1 1 O 3 R 152

SEIR R aNER 2 iR, BEIE 5 O 5 SEPRE
BRZEAH 0.34 cm, TKF] T 2 KGO HRMRS BE 1)

2 RAEMIRE 1°0Y B bR SR PR IE TR B0 O B A
BC R TR 2 AR AR
Table 2.

tion error before or after target reconstruction image cor-

Comparison of barycenter range and determina-

rection with sampling interval of 1°.

. SO S B e iR
R/m  WEEE/cm SZPMEE/cm
FUL PR IERT  2.2246 1.29 1.54
FOHERIER  2.2366 0.14 0.34

ST R TR R0 8k RRE RN, (B
B s, RSO T Do, 1
Tt 2 07 SR SR IR BN T —— A B
STt FRRISIR, 7 5 R I Ao 0 TR B
AP T

1

D inaxUmax

P8 wmax T LATE A 0O I b LR 25 6 5 1)
BB WA . S L AT DA AR TR
FHL, S8 P ) 3 s [ 950 Ik v 70 B 85 0 B R A
fI%, BEES S HER AR FAGAH BLH A5 :

A {rect (A%)] —sinc(ARw),  (16)

B sin e pREER — U 530 H AR B E
o, MRS RS 0 HER AR FIk o 5 B 7 195 R X
AR_— A AR RSB b TR BGE KA
ﬁjf“%tN(bE’JFEﬁiJ N

A¢ <

: (15)
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2i:47r Dinax
A et
MR (17) B2 B B KRR B R 6.6°,
T BSR A [) B 7O o™ T X 07 A 3O [ 90k k4 4
25 Al iE4T FBP FEAL, 15 3] 50 BE B AR IE T B0
PR B SR — IR B E G MBI B 28 R IE S 1) FBP
A R NE 8(a)—(c) Bz, W] LA BIRAF ]
K5 B AR AL UG A i Dhst RN BH S 3 .

Ny >

(17)

8 R 7oy B AR A B R S T e AR
FBP EMEHG  (a) FiOBE B RIERT; (b) B0 BEE S —
WIEJG; (¢) B IR B 88 R IE R . l‘aﬂﬁﬁz‘%ﬂl@{%'ﬁiﬁ L
WESER (d) FOEEKIER; (e) Bl MBS — WAL IE
Jeis (F) o0 BE B 55 kA IE IR

Fig. 8. Target reconstruction image with sampling interval

of 7° and barycenter determination results. Image recon-
struction by FBP: (a) Barycenter range before correction;
(b) barycenter range after first corrected; (c) barycenter
range after second corrected. Threshold segmentation im-
age and barycenter determination results: (d) Barycenter
range before correction; (e) barycenter range after first cor-

rected; (f) barycenter range after second corrected.

T TE I 5O B RO S TR 25 25 R L A
iz 3 Wi, B 8(d) H BB E 45 S R i
Z IR BN 2.43 em. M 205 22 X6 50 i 8
58— BEOE, Bt AT FBP EH M, 1551 & 8(e)
s TE e B BREL A3 R ER, BORs oo iff i 1R 2 1Y
EME R 0.39 ecm. X5, FE— X B0 B ot T
5 U IE, 3T FBP A, 421 E 8(f) FiaRhy
(5 {FL 43 R G, RS O 45 215 B o T4
FEE, OB 2 R 2ZE B R 0.22 em, /N F—
MG R XTI 0.3 cm B Fe /Al A IE R 25, I
MEIEPEAZE L, IR 9 G 48 B 5 B S e B H
PRES I, B2 PR IE J5 BT 0 BE 2 5 92 bR
HIRZZ(UN 0.50 cm, KE] T ZKRBUTOIFINE Y
BR.

F 3 RFEMIRE 700 H bR R PR IE i A9 5

BRI IR 22 2 R LA
Table 3.

termination error before or after target reconstruc-

Comparison of barycenter range and de-

tion image correction with sampling interval of 7°.

. RS B e R 2

R/m  HWE(EE)/cm LRFEE/cm
J OB B AR TR 2.2021 2.43 1.79
FLOHER SRR IESS  2.2320 0.39 0.80
FLOHE B S WRIESR  2.2350 0.22 0.50

HE— 2 PRI A B RAE AR 9 5700 B B
FRR A RGIR SRR ABEIRI B 20T ™ i X 17 f4 B4 [l
PRI 9 40, 4T FBP HH, 153 B0 B B A
IEHTA FBP HAEHEWIE 9(a), (b) Ui, AILLE
FH B A B RAE AT T HARE A BUR A K
5 H BAREE B S B S AR A I 22

P9 SRAEMIEE 20°09 H b5 B4 KR 5 5O i E 45

FBP S % (a) B0 BB IERT; (b) B LEE%W‘E
J5 . BESENES; (o) BULEE B ACIERT; (d) BLL R IES
Fig. 9. Target reconstruction image with sampling interval
of 20° and barycenter determination results. Image recon-
struction by FBP: (a) Barycenter range before correction;
(b) barycenter range after corrected. Threshold segmenta-
tion image: (c) Barycenter range before correction; (d) bar-

ycenter range after corrected.

R T e OO0 B S RO o R 25 25 R Lt
e 4 s, B 9(c) Wi E 45 R 5 B G
AHFE 0.70 cm, F 125 25 X0 5.0 BB 25 AT OE
HOFT 1T FBP H A 2] & 9(d) FiR K IE J5 Y
1) {E 53 0 AR A, OO0 152 2 1 W LA
0.15 cm, MiSEPRE A 1.70 cm, HEZ %0 T
Fi it AR BERAE SR N EEE S L 2 em BRI
JE () JB O S A
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Table 4.

termination error before or after target reconstruc-

Comparison of barycenter range and de-

tion image correction with sampling interval of 20°.

_ s L E 1R 2
R/m WEME/cm  SFRAE/cm
FCHBERIERT  2.2170 0.70 2.30
FrOBEESHOESS  2.2230 0.15 1.70
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Abstract

Removal of the numerous centimeter-level space debris in low Earth orbit by using high-power lasers is
always a hot topic of international academic research. Specifically, the precise positioning of space debris and
high-precision measurement of barycenter range of debris are the key points and worldwide problems that need
to be promptly solved. As a new remote high-resolution imaging method, laser reflective tomography is an
effective approach to detecting the dark targets in remote space with its imaging resolution independent of the
detection range. Hence, a centimeter-level space debris barycenter model is established according to the
principle of laser reflective tomography in order to analyze the relative movement of debris and detector. On
this basis, an approach to estimating the barycenter range of centimeter-level space debris is proposed to carry
out the experimental verification of 1km detection range laser reflective tomography. The experimental results
show that this method can improve the accuracy of barycenter detection from 1.50 cm to 0.34 cm, which is an
effective measure for realizing high-precision measurement of barycenter ranges of centimeter-level space debris.
Furthermore, this study achieves a breakthrough in kilometer-level laser reflective tomography experiments and
theory of validation, and the kilometer-level laser reflective tomography has a great application prospect and

technical potential.
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