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Application of array detection technology in laser ranging

Zhang Haitao', Li Zhulian', Tang Rufeng'?, Zhai Dongsheng', Li Rongwang',
Pi Xiaoyu', Fu Honglin', Li Yuqiang'

(1. Yunnan Observatories, Chinese Academy of Sciences, Kunming 650216, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: High-precision space debris observation data is of great significance for spacecraft collision early
warning. Laser ranging technology is the most accurate technology in space target distance measurement at
present, but there is no angle reflector device on most of space debris, and the echo signal of space debris laser
ranging is weak. Array detection technology can improve the success probability of space debris laser ranging
detection with weak echo signal. Yunnan Observatory of Chinese Academy of Sciences started to carry out space
debris laser ranging test based on array detection technology in 2015, and successfully applied array detection
technology such as array superconducting nanowire single photon detector and multi-channel event timer to laser
ranging test system in 2017, 2x2 array laser ranging data were successfully collected in the space debris laser
ranging test in March 2017, and 4x4 array laser ranging data were successfully collected in the space debris laser
ranging test in March 2018. Among them, the minimum target detected was the space debris with orbit height of
about 1 000 km and size of Radar Cross Section (RCS) 0.045 m?; the farthest target detected was the space debris
with oblique distance of about 5 000 km and size of RCS 18.25 m*.
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0 31 T owire Single-photon Detector, SNSPD) & — F' F§ T &

Fe R 114 228 R AR SR 50 A 2 O R 4 R i 4[]
TR B ORI, RO T B B A 2 G 255 ) A B 8
HORG B2 S5 e 1 — R R R, DR I s TR A0 S0l B )
ZS A A W B F B . 23 [l 0GR (Space
Debris Laser Ranging, DLR) 5 L2 ¥t #E (Satellite
Laser Ranging, SLR) 1 Jit 5L A AH [, 1 02 38 oo I
WO Ik b A 1 TR 3t 5 72 TR) H A ] AT I () SR A A5
ENEEZN O

T FE 2 () 5 OGN BE B R R AP e, A &
B, hERRERE LR CH T 2008 4 7 A R SE
BT 1 m A2 A K /IMIRELAS TR B R A SO G i 00 EDRS
JE ik 70~80 cm, HE BL A BE 2 FE R CH M 2008 4
16 T 3R BB T R 23 180 R R 80 0 B A o, IF F
2010 4F 6 H B HM 2 Hbr . ERE B E %K SC
B KBNS TRV T 2014 4EH TR T 28 [al i
RS, BT 2 5 AR

B 5 1 AR R, B 22 R AR 1 AR SO
i, HEBERE S B K CE T 2015 IR A £
1% % 673408 (Multi-Pixel Photon Counter, MPPC);
P& It FR R G B A% 34 4% (Silicon Photomultiplier,
SiPM) A 422 W i % 0 B (1] 388 5 T Jee o i B 3 561
2017 4R, T ERFEBE 2 RS0 RIS FES S 900K
2 B BRI (T T 87 Ak e 471 e TR 4 ) ) 223
TE AT A A R S R B R N T A R O
BRI R geh . BLAT, HA 36 [ APOLLO 3 i K
4x4 APD [F51 F T H BREOG IR+ AR b S 84
OEE

B2 BE 2 K S0 3 T A BRI 4 R 1
DI 2R e i 3 /)y H AR A BUE S BE 2 1000 km,
T IK# 1A (Radar Cross Section, RCS) 0.045 m? fit) %5 [i]
R s B B 5 B AR b REHEE 295 000 km, RCS
18.2505 m” MY =S [AIRE o R UG AT UL, BB 43 I 4 AR 7
PO DU T i R R AR K B T 2 DR R A R DU g
1o PEF A R E5 SRR O FHRINES . £
A PR, LSS T R A0 SO B R 56
ARG R LE R

1 FEIBESMKE R TERNE
YN OK 2 O FHR IS (Superconducting Nan-

B, DR VB R B T R BRI A, B
TR . SRS 2R o RS DA % 5 S AR 0, FE AR
TIAFAETELEN

XTI BB A, W THEUIR, 7T U3 & R0 5
f {7 R L5 PRI A5 s, R 45 % e R R PR, R R
I [E] 8, 7T L g 95 Do 4 00 oy ARE 23 5 ez ) 4 e
B, AT LAFRIN 24N B K 0, 2 SCh &g i
BOGE K A 1064 nm, 1 064 nm HOGLE RS AL
PE . AR | 36 0 SR AR G T AU
BRI AR T AR B 48 TR OGN B e FH Y 532 nm
AL Fs BB R A SO ok v e Bl R 3 7 O 1
B, e 1 AR B R
1.1 FRNEE

SNSPD Hy /& & 43 A8 B 2l 42 1l & 4t 4 B
(JLE 1(a)). SNSPD H ¥l RAE E LA THLE

(b) SNSPD Bl /4 kg m & E
(b) Structure of SNSPD sensitive part

&1 FEFRE 2%
Fig.1 Array SNSPD
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Tl e | YR B AR R | U R R R B A SE AT
Fa il 22 0 N FR LA IO TP I 455, 50 A B0 25 5 P 45
1R, F4E SNSPD M I Y H 28 SRR .

SNSPD O 43 Ay ol FH 4 5 v RS oA Rk o] 8 B 11
AR LR E 25k (UL IRT 1(b)), PRI &% AR I 4 i ' 7
R A T O S I AR T A A B . MR O T
S, WS DX 358 T A IR, 7 A A, A XA
LU AR EE A B Bl T B B — e Y L, AT A LK
MRS G 2t KRR A B A IR IR 2, 45 X
BOH R, KR BB IRIRAS, BEB AT R AT R — Ik
PRI P25 WO 19 22 PR AE L B 1 3R Ry PRk
T, B S O U FR K o 3 A s K e
R, BT LS B 1 BRI

W 3 T I 5 1 B 4 S h 2 AR oK R4
ISR ST
1.2 igEiERE

B2 B 2 B R S SEBR A 04 [ 5 S
2§ anEl 1(a) FrzR, RS K 2% A E G, Bocich
2x2 il 4x4,

W51 S R 25 4 L A5 5 an ] 2(a) PR, BRI E%
RIS KL £ 25 5 2 3 A5 S5 s A A TR), B
Hi P R B 2= R R SC (8 00 B 47 8 D0 25 i
i HL S FBLAE 50 ~180 mV 2 [u], fik b 5iE B Y Rl AE

(a) Output signal

(b) MEIT4L
(b) Dark noise

(c) HiAbmgrs
(c) Other noise

Pl 2 W3R SRS 5 v e
Fig.2 Output signal and noise of array SNSPD

30~60 ns Z [a], - FHIFA] 2 1 ns. B4 AE 4R 00 28 4

o IR N A 2(b) FTEL 2(c) T, A4 G 11 550ORT JH At e

A, BT RO TE TC A ST AR A S AR

th, SPOCUEE S sk H MR Aok B T RG0iE

M s, WRAEAR XA, —MIEI T, Aot st
W5 R 2% R EEE R AR AR N3 1 TR o

® 1 BEIBSRERNREZ RS
Tab.l1 Main performance specification of array

SNSPD

Content Performance specification

Response band 500-1 700 nm
Detection efficiency =20%(@1 064 nm)
Dark noise <10000 cps(@20%)
Time jitter <400 ps
Recovery time <100 ns
Output assignment 50-180 mV
Working mode Free

2 ZEEBEEHITRER

£ kHz JOGI0FE , $iobs R £ 38 5 R H S0t
Fr s ST I R O & S K e R T 3B K v R A
FEPEIEIC K b ATV 20 K AR B s 220, R E Dk s 2 A
[l e 2, — % 2 25 R OBk © AT ] . =R
CH 1.2 m BT BT kHz #OG IR & 580 2R I A033-
ET, %X A543 D 0K B 5 | B [ ) gl /NS A, (R
A 2 BRI . O T 2 IO I R 25 R
LRGSR, T 22 223 1E WO P AR SR AR R

230 18 AT I 25 25 F Guidetech 23 7] GT8000
ZiHEF B HE AT I A, B SR GT8000 ¥R 4% 1 ¥ ¢
S, 8% 5 ik 8 SDK i AT BRI T, IR E T
PXIe ¥l #% I, SCHL 4x4 Fl 2x2 [ 22 BRI R A FAL
TAERTIP UL
2.1 TEHLEM

GT8000 £ il il °F &5 H 1 1~ NI PXle-8840 4 il
. 11 NI PXIe-1805 #L4f . NI PXIe X ¥k {4 £
GT668PXIe-1 Bk | GT668 3K 3l #1440 A, ¥4 F 7 5%
KA LASE R 2~34 38 18 )y A, PXTe 32 il 5% P ik
BAER G, P AT ARG 75 B AT R G IT T R
SCHLI R . P R B R S SR
GT8000 ZiEiE F-4 4% 3(a) s, 244 10 4> GT668-
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PXle-1 Bk, B YA 2 AN AGEIE, A 11 20 i
AJEIE

(a) LW
(a) Photo of GT8000
Clock
module
'
PC interface Control casurement, Input User
logic logic [module inputs
b ¥

(b) GT668PXle-1 fifi {F£5H /1 75 4]
(b) Hardware architecture of the GT668PXIe-1

'3 GT8000 il &
Fig.3 GT8000 multi-channel system

GT668PXIe-1 25 F4 UNIAl 3(b) Frzw, & 3% AR e
5B AR R [R5, A RS 5 AR A AR H st
710K B 326 B0 o 32 4R AR B 14 47 s ] [ ol 1 30
i, PP R R AT R R, O R DU A
AR B 1% A Z PC 3t 1 (PXTe 45 #5)L,

GT668PXIe-1 £ ZNEREFRFR AN 2 FIR

& 2 GT668PXIe-1 R T E EREIEHR
Tab.2 Main performance specification of GT668PXIe-

1 module
Content Performance specification
Main input channels 2, SMA
External clock channel 1, SMA
External arm channel 1, SMA
Output channels 2, SMA
Time resolution 0.9 ps

Frequency resolution 10-12 digits/second

Max measurement rate 4 million/second per channel

Main input channels frequency range 2 700 MHz

2.2 HREiEIT
22 38 A OGN B B0 SR A A B an & 4

Ro BRI LR TEIKR S SEE S, &5
SRR S P00 S0 10 e R 4 4 205 SR AR A 2E AT I8
7, TR SR AN i RS DR A7 X 268 0 A8 A Ml
B A REALHE : GTo68 K ML) th 1k I A 4%
i RGN RIE] 2 2 B R R A | 20 B S b
LU ETTRE R L UL LN E SR RREL VA -3 SN | T2 ie o
W) bR s AR B AP . R TR

Kl 4 ZiEEO G RER AR H T

Fig.4 Software of multi-channel laser ranging data acquisition

23 MBS RMMIEEEE N E

W2 S R g TARAE 1409 A i TAER L,
R o e M PR T R T O R S AR, e e R 2
2 MHz/A8 i (55 <100 Hz/AB ), 45 5080 K 5 Fn 52 if
b 3 R R X, BN A7 0 55 2 #E T 22 I [A];
T BRGS0 25 A OGN BE A T, R AR AR IR —
KRAEH B Z A 101 B AN [ — A~ 0% A S
T A 2 EdiR i, THE R

BE X DAL ) 8, 38 T8 06 PR e 2 ik DT e
D7 VEAEH B FE I D AC ikt B T EGH: (1)
b W % 25 AT 2 3 % E) B AT/ 23 AT LB, BEAT
AFMRGMEMREIE R, B AFARIERRYE
A, B FAEIEECTHR I3 TF; (2) (8 FH P B Ar A AnSE
PRARCEIE BT RE, 5 /INE (B A N H R T i 7R 3%
22 (0-C); BER BME AR MBI VE A 5 G5l (R A7,
T B A B 0 B 22 W S T T A B e v i 1 e
FEGETE, 8RB A A9 B 1 Ry T FH e A5 AN 0
fF o s 52 B AL PR 3 A2 a0 18 S B, Bl Event-
BTemp 4K 5 2 49 [5]  #0 4, EventA | EventB A g
DRAF 4 32 BRI [ 3B B8 80

2ot DL Ak, 38 T 208 8 ORI R Ao R AR
B SIS Kb SR TR A T

22 30 JE OGN PR S SR AR BRI B Bl 3 R

202000064



i E ok A2

% 104 www.irla.cn % 49 %
( Start matching )
¥

Jj=EventBtemp.B_index

EventBTemp.B_indexj=

(-
JHL
N 7<EventBtemp:
lengt
Y
‘ i=EventBtemp.A_index
]
i<EventA~ N
alcrange index
Y
DeltT=
EventBTemp.B[/]—
EventA.A[i]—-
EventA.Calcrange(i]
Frn Delt, Halfinterval
Delt, Halfinterval 1
abs (Delt), Halfinterval
i<EventA.CalcRange _ EventBTemp.A_index=i
N
<_Fabs (DeltT)<DeltT.
EventBTemp.A_index= .
EventA.CalcRange Y MalnEcho.A
index-1 - [MainEcho.Length]=
ndex- EventB.B[EventB.Length]= EventA.A
EventBTemp.B[/]; [EventBTemp.A index];
EventB.Length++ MainEcho.O-C b
[MainEcho.Length]=
DeltT;
abs(DeltT)<DeltT.s MainEcho.Length++
N
I's )
i End matching )
Pl 5 SR AL R
Fig.5 Real-time data processing flow
H sh Ak B I RE, 18] 6 2 38 18 O I BE A4 Ak 2 %k o e T S
: g b i e Sl bl
F, FEM T AR B A shab P 72 14 6(a) E ==
K 201942 4 F1 15 I dxd HEIHEIN 28 BT 75025 i E
10 517 SEIECHE, [ 6(b) ¥t A Sk A5 R, WA 1/ -
ARG 1.53 m (BOEHKFE 5.7 ns)-

| = e " i T "“" ':Ic:._,:w:il..‘ —
i Ll | (b) [ A B55

(b) Automatic processing results

P 6 SRR Ab 2R
Fig.6 Measured data and data processing
24 EEMERE
253018 FF T A A P RE 3 R T GTe68 1Y

(a) S EiHls
@ Daa P, SRR T 32 BB R P50 A T

202000065



sk AR
% 1049 www.irla.cn % 49 %

M, PEREME T B4 GT668 TEBE (29} 180 kHz/channel x (FERFR] 224 1/2 700 MHz), A8 T 2Z i fd FH B A033-
18channel), FH 3 2 AT LI i1, GT668 B[] /3 B % ET, 7EPEfE LW A Fr8e F. 3 3 GT668 5 A033-
0.9 ps, R £ 0 38 §ir A5 5 450K F AT 38 2 700 MHz ET () EZ AT H

R 3 ZWEEMHITHRES A033-ET HYEEEXTLL

Tab.3 Performance comparison of multi-channel ET and A033-ET

Instrument Multi-channel ET A033-ET
Time resolution 0.9 ps <5 ps
Dead time ~1/2 700 MHz 50 ns

~180 kHz/channelx 18channel @software,

Max measurement rate 4 MHz/channelx20channel @hardware

12 kHz

2016 4F 1~2 A, ¥4 St GT668 K He 1 I 78 v [ 3 ETFREFERME AR B EE I B i 16
Bl2FBE 2 ma K SCE W BLSOGINEE b, Ko N4 B8 B

5 AO33-ET HObis W AF & HE — S SR 4 B LT B4 AR 0O I 50 5 ] 7
—, NS 2 g =85

S AB RN AT G RTEE2Y 0.5 em, LAGEOS 1L B %, B o L RL 2B 25 7 K SC A AT 53 om AU 22
AT AR <L om, U LR BGR WA SWE sy 10 m e, S 4 5 B £

<2 emo TUEEFF U4 55, SO 28 & SFHEOG Bk vk )58 13 53 em 5&%’

B R SIS S ] B AR, PRI SR O
KHEWAE S, motum LN O & 5 S L i 2

3.1 RIE R GHEA

% 4 GT668 5 A033-ET NFSREXTLL (FER

FlRamAXawALERENERE) 1.2 m UL GE, B 230 3 R PR 5 0 RS et

Tab.4 RMS of GT668 and A033-ET (conventional SLR WA= BT O et 2 (8] B AR S 5 R M I

system of Yunnan Observatories, CAS) /DA T E St 1.2 m EimsER oL R Em 2

Target GTess AO33-ET RS SRR . SR PRI 2 1 5 B 3

Ground target/cm ~0.5 ~0.6 E B N I e A IE P E S 2, R

LAGEOS satellites/cm <1.5 <l.5 %gﬁqj{)%jjﬁ%%{gzﬁjg 1 064.27 nm, Z{Eﬂbl%:jg 100 Hz,
Other satellites/cm <2.0 <2.0

T RIIRA 300 W (B2R ] 7), Pk 5E N 5.7 ns,

Multi-channel
event timer > LAN
N Array SNSPD
(2%x2, 4x4)
ol NI PXIe-| |
1085 L— Clock i
IPXTe/ Oy S =
PXI | Ilpps, IOMHAGGRINGRAN, el .
slot i : b 2 mtelescope |
| GT668 Signal * +
PXI-1x 101——1 amplifier
+ =
T Optical +«—— |53 cm binocular | —#
NI PXIe-8840 terminal :___ telescope —’_’

Main wave detector
7 HETWEBHRI OB 2R 557 B
Fig.7 Diagram of laser ranging system based on array detection
32 REER IRHE . 20174F 3 H 10 H~5 H 31 H 1 2018 4F- 3 A
RS IR 2 [ AR R B AR, & 26 H~5 1 13 H W], R4 278 Fl = () i v 0t
VE BRI RCT 8 AR A I EE B ARe, EEH T R4 I BE R A 84 Jl T3 2 SO I B B
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I PRI B ) e/ s H AR W GE Y 1000 km,
RCS<0.05 m* W23 [Al#E Fr (L3 5), DUEE 0 A G A
JE<1.5 m (EOEIKTE 5.7 ns), BOGRER N 70 ~150 W,
2017 4E 5 H 26 H & U3 25 [ RE - 902 I 4 25 A 4
K 8 fizs, Hix RCS 4 0.045 m?,

x5 wENEMRNBIR (ZEER)
Tab.S Min measuring target detected (space debris)

Code  Apogee/km  RCS/m’ Size/m RMS/m
900 1009 0.049 Diameter 0.39 <1.5
902 1078 0.045 Diameter 0.39 <1.5

1520 1179 0.048 Diameter 0.39 <1.5

UTC: 2017-0

P8 2 IR H (902) MK B ] % 15 55 5
Fig.8 Echo signal of space debris (902) laser ranging
58 PRI 2 /Y fa H bR A RHE 255 000 km,
RCS # 18.250 5 m* By =5 [AIHE - (W4 6), Faze il A
} 6261 km, BOGAERZ 200 W, HOEHKTE 5.7 ns. 2019
AE1H 23 H O U B 2 [ 5 R 12 445 0 & 25 2R 40
&9 iR, MEAHE R 4 250 ~5 171 km,

& 6 RMBIWRIZEIR (ZEFFF 12 445)
Tab.6 Farthest measuring target detected (space de-

bris 12 445)
Date Range/km RMS/m Laser energy/W
20190123 4250-5171 232 ~200
20190127 6120-6261 2.12 ~200

¢ UTC: 2019-401-23

9z IR (12 445) BOLIEE RIS &

Fig.9 Echo signal of space debris (12 445) laser ranging

4 HRIE

SCHAY T SRR 2 . 2 SR
S5 S I H AR TE OGN BE T A T, LA e T 41
R OGN B
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2238 38 G PRI g R AR T T RGP, RS
BT, AW L R 5 S R 4% 22 AT RAETOR
W 5 AR i | 22 T 2 I A S R R
FR T, AT A e OL DU R R SRR I BE 7 , X 4% ] A
FrOLIN RO B 50
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