5550 B4 4 1 T % IR Vol.50 No.4
2021 4F 4 A ACTA PHOTONICA SINICA April 2021

5] F #% =X : LAN Jiaxin, ZHAO Ruocan, PAN Tingyu, et al. Comparative Analysis of Metastable Helium Resonance
Fluorescence Lidar Systems[ J]. Acta Photonica Sinica, 2021, 50(4) :0401001
2GR B A WL RS AR VOO TR B R G T R T [T] 06T 4, 2021,50(4) : 0401001

WA S AR 2OEHOE T 5 R g0 & R

érﬁ‘zﬁkl'z,ﬂ%} 1'2,'/‘§'}(§'i‘-1'2 E%\éj%?l‘z Fiﬁ;é_!z}]%IZg ij—:*\lz #%12
(1 P EB2E B AR K2R M ER RN 25 8] B2 A8 230026)
(2 W E Bl 2 B 3T b 2s mﬂfjiﬁxwé HB 230026)

W BRI ARESEAARATEAARAGRAT TR, ERABRALT LA G AR L3t —F ik
HAK, FREERAAGRBEEFRLENEE, SHARLE L REDRE TSR E, FF
AT R A T EEF T @EATT A, ERER R AL AT LA S ERNNMKERIEEDRE

%g}gc
KEBIFRAET; AMNEERATE; ERER, BASR;ER
FE %S TN958.98 SCERFRIRAD : A doi:10.3788/gzxb20215004.0401001

Comparative Analysis of Metastable Helium Resonance Fluorescence
Lidar Systems

LAN Jiaxin"?, ZHAO Ruocan"?, PAN ngyu , XUE Xianghui"?, CHEN Tingdi"*, SUN
Dongsong'?, LI Zimu"?
(1 School of Earth and Space Sciences, University of Science of Technology of China, Hefei 230026, China)
(2 Chinese Academy of Sciences Key Laboratory of Geospace Environment, Hefei 230026, China)

Abstract: The pulsed lidar system and continuous lidar system are improved by redesigning the parameters
considering more details of the systems and choosing the more appropriate equipment according to
limitations of the systems. After the simulation of the return signals, these two kinds of lidar systems are
compared in SNR and difficulty of implementation. The results show that the pulsed lidar is more suitable
for measuring the metastable Helium density of thermosphere and exosphere.
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Table 1 Parameters of pulsed lidar simulation

SNR(z) =

Parameters Value
Laser power/W 25
Laser repetition/Hz 20
Telescope area/m® 4.712
FP FWHM/GHz 8.05
Optical efficiency/ % 4
Detector dark counts/(e” *pixel '+s™") 0.001 5
Integral time/h 1
Range resolution/km 50

Jik b S 5 T IR AL M L R 8 BT o A R, K o IO R A8 M5 M L B i mT LIS B 300, HLERR
TP 04 M XA e BT L . R, T RS SR T B AR 1R R b e HBEAR B 13 25 AT, HLFE SR
00 FB1 PR A1 e v A £ e T A A1

5L SNR = 105 2 A S5 00 i 45 v, 8 4 2 25 0] LU I 9 9 2 300~1 000 km , 5 2 Al LU I 1) 5

0401001-5



B R 330 ki A, RV Faa A 5208 B e s O 67 B

9.5x10°
r 7 10? 3
o 85%X10°F 1
= J
S L ]
: s
=
§ 75410°F . . ]
=
= L ]
6.5x10° [ 7 3
\ \ s \ . 10-2 . \ \ . .
200 600 1000 200 600 1000
Altitude/km Altitude/km
W7 Fw @b EaENERES H8 for AHAFRBUEERIL
Fig.7 Simulated receiving signal of pulsed lidar Fig.8 Simulated SNR of pulsed lidar

2.2 FEHBAE LRSI
221 BMAFEFRRILFTLEH
AR F R S OCH . BT ICEAZ kb ot B 38 —FE LA 3 71 9% 15 5 B9 B 18] 2 5 SR 3t 5 X i AE 5

o B SO TR IR TR 43 B A5 R 1‘%@?%&7‘6521%?%4&%%*,UKH CCD It x B A5 A7 5K 1 5
{55 L, A5 A 7 FE IR LA 9

Laser Receiver

WY #EtBrFrhRrBEEMTER

Fig.9 Bistatic schematic of continuous lidar

5 n MR K T RGO TR B TN
Pt Vin)- A Ouir

’ 2 Rz 2’ p(z)
tan smﬂl sinfx

JCEF‘ Ns (n) 055 n SR R W E) 1 B0 7 M B8 ; V (n) 2B n SR R ST 3% 398 5 06 R 19 58 SUAR
H sz () 55 n HIAR R T8 I A PP 8 BE 5 0, R O A0 s po R O & % 0 5 NG S BRUA3 IeF 8] 1A |l 3 55
W s MGG P O O™ 2R B TR, AT RN

Ns(n)= RB:|-77T2E(2)Z+NB’

(9)

0401001-6



PERIR A WARRS H R VOLHOL R Ik R AT B LB

LS 2
o EBARZBR UAAAO (10)

Nﬁi Mgark * T

her
2.2.2 KR HKEFIZT

Bl 10 ki B2 6O T 38 R G0OG I o WO 3L T 4R % D6 £F U % ik K (Master Oscillator Fiber Power
Amplifier, MOFPA) #1845 75 45 5 b1 306 #5 5 09 1 083 nm % 28 %38 i £ 4B 58 i K28 AT R, 0
YRR E) 20 W [ BT O S T 5 Bk ob GO E A X H L OGS D R IUE D 25 W

Wavemeter |—->| Computer |

Monitor beam

1083nm
seed laser

]

Expander RM FADOF IF

A
JARY

CW Ytterbium
fiber amplifier

10 #&bwobE® 2408
Fig.10 Continuous lidar system schematic

e 26 WOL TR 8 TR AR R P 5 X8 0 5 DA TE R B 0 e M I AR A 19 155 0 T - o 1 B2 e 4% 4 Wi T
R FEWRCR 4y B IR B R MR 1.6 km A5 B0 T AR 95 LA ¢ R H 5545 21 i 75 S B L 3% M 4 6.401 mrad., %
LT TR IR R R 7 B R G A5H, 5 R AT DL AR 2 43 B W) & B S 5 19 CCD A MILAE S 38 00 4% o
CCD B3 K/ R 1 340X 100,18 2 o6 K/ A 20 pm X 20 pm, B 3FECR 0.001 5 e /pixel/s. ‘E7E 1 083 nm 4k
HFRCRA R 10% .
223 HRRFHHIEA

SO E B B M8 6.401 mrad, 5Pk ol#OC T BB ER G ALK T -1 ERU L,
HE B I YOG e BIOM K, T F P AU A o 5L B A 1Y) 3 3 3R B R A BOAR B B R T 2RI o BRI OE
K FH 2 P58 I 0 0O 24 1 9% % (Faraday Anomalous Dispersion Optical Filter, FADOF)"'", FADOF &
T 9 2 O DA K b S T H G R8O, 1 AR AL R S 08 R I 78 VRO ETE A M e iR b ] AR
JE SR TT N FANR#E Y . &t — AR B P, S R 2 Ot L 4R O % AT AR TSR R I A ] Y A T
FAS T8 (B3] i ' 1) 8 0 o FE R 30 VR TR R SR YA [ 1) A 9 3 8 38 ol 1 AT ) AR SE 28, 4 T RO DA 2 0 v o
S EATT B 0 2H BB 2R A G D BR 5 1a0RE & A L G 11 A AR 1 WA A 90°RY HE BRI 408 B A D 4R
FUE A T 1) T At R LA T el 2R I8 K 9 016 38 ok I BEL I JFE At K D1

FADOF & & PERE YOGl s , BB 58 = iE ik R B MK ISR M RS A, ZHR
EWFECFEXRPEAR 2, A TRAEA FADOF HEii 7 o6l b . 8 X WS % FADOF /9 H i
THEAT DAAR B 76 G 3 R B (WL S RO K B2 S 8GR LT ,FADOF 2 5 98 29°8 2.3 GHz, W {H i 1 R 25N
0.9,k 12,

0401001-7



B1l & REErsEE
Fig.11 FADOF schematic

1.0 T T T T T T T T

0.6 b

Transmittance
T
1

Frequency/GHz

H1l2 THREFSEHBRBEBERABOELE B &
Fig.12 Combined transmission curve of FADOF and interference filter
224 fFAZR
AR (9) B WOL I8 T7 12 3K (8) B 15 MR L 24 AN 3R 2 Fr s 9 R 48 2 4071 LA il 4 3 i 2200 ok
e S I P A5 5 e T BN IR L, an 13 A A 14.

R2 EBAHRELRZHESH

Table 2 Parameters of continuous lidar simulation

Parameters Value
Laser power/W 25
Laser divergence angle/mrad 0.05
Laser tilt angle/mrad 4.8
Telescope area/m” 4.712
Field of view/mrad 6.401
FADOF FWHM/GHz 8.05
Optical efficiency/ % 6
Detector dark counts/ (e +pixel'ss™") 0.001 5
Detector pixel array 1 340X 100
Integral time/h 1
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Fig.15 Simulated SNR of continuous lidar (range resolution is 50 km)
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Table 3 Comparison of parameters between pulsed lidar and continuous lidar

Parameters

Pulsed lidar system

Continuous lidar system

Laser power/ W
Field of view/mrad
Filter FWHM/GHz

Filter peak transmittance

25
0.1
8.05
0.6

20
6.401
2.3
0.9
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