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Abstract In order to realize the laser ranging of Chang’e-4 repeater satellite, the study of lunar laser ranging (LLR)
is needed to be carried out for technical verification. Yunnan Observatories of Chinese Academy of Sciences develops
a common optical path LLR system based on the 1.2 m telescope. After many technical difficulties are overcame,
the echo signal from the Apollo 15 reflector on the lunar surface was successfully detected on January 22, 2018, and
the LLR is realized. Repeated experimental results show that the LLR system has the ability to detect very weak
laser signals, and the measurement accuracy of the system reaches meter level.

Key words measurement; laser ranging; lunar laser ranging; single photon detecting technique; lunar surface
retro-reflector

OCIS codes 120.1880; 120.4820

o (Apollo 15, Apollo 14, Apollo 11, Lunakhod 1 #
7l = Lunakhod 2) 2 [A] B9 & A7 B [H] , 25 & O 3 115515 3|
1 by B K B %) b T DU A B, A BRI BE FEEGCY . M I 5 A EEOG IS R 22 8 B
(LLR) 24 CAT I 50 47 Jy s, H J5t B2 380 40 45 ) I B AL T e B AR B X R SO R g
SO Dk o 7E b T DU 3 5O T EOG S m RS A J1% ML A BL AR LA Bk A RG] ) R S 2 R

Wi BHA: 2018-07-31; EE B HI: 2018-09-03; H A BHI: 2018-09-25
BEeTIH. EFAKRBEHES (U1431116, U1631134, U1731112, 11403102, 10778705, 11655001) , 1 [E F} 2 b 7 4E A
R HES (2015044,2014048)

" E-mail: lirw@ ynao.ac.cn

0104004-1



th i

i ot

WFoE A & EE AN E S, il A ERATZ IR LR/
FEMFFAE A N B L5 R, 5]y e T SOH X S
RN 1) G 565 o S5 280 i B I B AE T A 5] R B AR Ak
VLK H H Ry &,

LLR &2 56 7 %0+ AR i & 0, &3 38 50
A E I 2 1T AN R &, LLR AR R & — T4
ARMEFE = 2 24T 55 . BRT, BBR LA 50 A F
Al DL T N3 TR O DN RE v ORg RE 09 T ok
FEACHE 5 2 7 iz R ST SR, e % T R O
LLR T.YEM XA £ B i MLRS (McDonald laser
ranging station, H &5 0.76 m B E L E) . Apollo
(3.5 m B ) 3 E A Grasse!'™ (1.5 m it
BB KA MLRO (B R 06 W X &,
1.5 mEBGEHE) A5 4 A0k . PRS2 O I B
AR F O 25 45 A 22 IR R BR L AT 01 = P T
LLR SZ8 iy &t/ . 20 s, b ER 225 = 1
RICAE R 1.2 m B8 BEAE A2 Y I P AR 5 oK 1
PR L AT R I BRI A Bieg .~ R
BB 4 35 M 20 42 80 4EIR K EAS —HE N T
LLR M5 ARk, B Py 1L At 0 35 7% o 482 FF
GEAT LLR RS, Hi H BE 2245k 384000 km,
77 AU T L 3R ' T B T T 57 A T3 DA ST b 2 3 )
BRI A B BE B0 T LLR SR VLA T . 78 TR O
WS LLR w, MO FE8C5 BB M 4 W ik
s 26 R RE S5 0 F L #8647 LLR B [0 3% 56 T %08 T M
Bk [R5 s TR ORI B 91/10000, #0 LLR HH
TR BOGI B XERS 2 . T & 510 Lot ne
BT EEAT LLR 0L 575 B 306 & 8o R8N,
TONT B 7 i ) R B L TR AR T R K

23t ZAEARNWT IS AR R AE e T LLR 1)
ZWHARMEE G, P ER R R CH# T
L2 mEBEH 10 Hz OB LM A 2%, 3T
2018 4F 1 H 22 H WU 2] T Apollo 15 J i Jz
SEAsEy g REEE N T LLR, X 1.2 m B
T HOCI R S8 DL R s 45 R AT TN
FHT . 7 3 v S e 5 B B S B R4 [ A ) 3
b XA T AF A R BT TIR A ST Sy E
B T F B I b O v A R ORI R 2 T A
2 ZmHKRXAH LLR &%

LLR 30 A K5 B I 2 380 ok b DA el T 08 3000 325 3]
H T O S S g 1] B A AR TR Az, T H b T O
s E A OGRS R EE R R, R I At Z A

1
R:?cAt, Q)

Krp e MG,

AT 5 8 BRSO R . LLR /Y 5 2 9k % &
I8 5 1813 S BOR /D MR O T R R O R AL AR
B FRCE R R R T WP e, B/ RT
NN RILE 1.2 m Bighi 10 Hz 9 LLR &4
HE &, Hor CMOS 2 B oAb 4 & S Ak 2 F 4K, GPS
RHEFREM ARG, LLR REEZELHE 1.2 m BHix
g By LR BRI R e WO ES O R SO L el
PRI L B T I 28 (SPAD) L 4 3 A 2% A
AT R G I BE 5 ) R 48 AR IR R Ge B
W ZR G B H BF R 584 38 o 25 58 40 0h i T
A 52 18 H TR SR i 1A A 285 i 1) B OG0 B 5
2.1 REERS
2.1.1 Biz%

ZERXH 1.2 m BBk - F =LA, &
JEE il SR JFH 0 2 L AL L 422 3K By, Ao Bl R R A
MUEE ML o i Nk gh . Hames i E =S HnE 1 fr
N A RGE LA N 1060 mm. 248 RIS 8 i)
. EEEAE N 1800 mm., BB AEFE N — 240 mm,
Pt AR 7.5 M EHEEIEE RS,
J5 S Sl ORORS B R R R B R 0.004~3 () /s, R B Al
PR BE BR 5 BE o 0.004~1 (°) /s,

2.1.2 BAERH A%

WOt K G 6 h OB S B R M, ~
M B G B AL, il 2 iR . R 5T
JEI O B O A B 4 OB R R T E AT
BT R HE DG B2 0B I S R B B 1)
HAR & 5 A ROt EwUmik g 2",

WOt R E M T EREREZ —, AR
A b 5 8 O B B R BR 2 |l A 77 ) SGR-
Extra-10 BUGUT 2 8O 8% XS 8k 2 xR,
OGN ED K O Bk b RE R 3 TR
RE HE 40 A0 S T AL, P R O 0.8 J/em”
WM RE R EA N 2 ]/ cm?®,

2.1.3 Wk Ak

Il 95 HF A B 78 55 S 4 A e I i A R O i
FEWOEB I E 3 PR, g R REE R
SRR 5 55 20 . WO A PN ER, — &
A 010 S AR AR A 3 A BRI 2R R R, R
Al REHLJE BRI A O F . LLR [P (5 5 055 . H Bk
SOG SCIE R SR HOA RO IR BRI S R LLR B OGS
B> — ZMAXAE1.2mBmELLRAR S XM

0104004-2



‘ CMOS | meteorograph
. o

synchronization signal
rotating mirror

transmitting A
gate signal

received
ign

= redict
laser fire computer P
struction |

'__lpulse/s Alpulse/s
i GPS clock

10 MHz

10 MHz ‘

F1 1.2 m BIEHEHOLNA RS

Fig. 1 Block diagram of 1.2 m telescope based lunar laser ranging system
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Table 1 Main parameters of telescope
Parameter name Value
Effective aperture /mm 1060
Primary mirror focal length /mm 1800
Secondary mirror focal length /mm —240
Pointing accuracy /(") 1
Accuracy-ensured tracking
speed-azimuth /[ (*)/s] 0-0043
Accuracy-ensured tracking
speed-altitude /[ (*)/s] 0.004-1
Max angular velocity-azimuth /[ (°)/s] 6
*2 BWOLHTESE
Table 2 Main parameters of laser
Parameter name Value
Wavelength /nm 532
Pulse energy /] 3
Repetition rate /Hz 10
Pulse width /ns 10
Divergence angle /mrad 0.5
Beam diameter /mm 22
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Table 3 Main Parameters of CMOS camera

Parameter name Value
Photosensitive area /(mmX mm) 13.2X13.2
Detecting efficiency at 500-600 nm /% >178
Number of pixels /(pixel X pixel) 2048 X 2048
Dark current at —10, —20, —30 C /  0.061, 0.02,
(electrons * pixel '+ s 1) 0.006
Exposure time /s 0.001-10
Reading speed /(frame * s~ ') 30-100

0104004

h for receiving
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Table 4 Main parameters of detector

Parameter name Value
Photosensitive area diameter /pm 500
Quantum efficiency at 532 nm /% =60

Dark count at 1 kHz 15
Recovery time /ns 50
Time jitter /ps 160
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Fig. 5 Block diagram of control system for laser ranging
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Fig. 6 Operational time sequences of LLR system
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