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Abstract Near-infrared high—spectral-resolution lidar (HSRL) is more difficult to develop as its molecule
scattering echo signal has a narrower spectrum width and a weaker energy strength than that of the ultraviolet and
visible HSRLs. As one of the key components of HSRL, the spectrum filter has significant influences on the retrieval
accuracy of HSRLs. Based on the relationship between the spectral filter’'s signal transmittance and spectral
discrimination ratio and the retrieval accuracy of the HSRL, the performances of two typical interference spectrum
filters are modeled and simulated by analyzing the characteristics of lidar echo at 1064 nm. Results show that Fabry—
Perot interference filter has moderately good performances when the divergence of incident beam is small. While
the requirement for surface precision is fairly high and it is not easy to be processed and installed. Field-widened
Michelson interferometer (FWMI) is insensitive to the divergence of incident beam and has a stronger ability to
gathering the lidar echo. And the requirement for surface precision is relatively low. In practical application, it is
more suitable for the application requirement of near—infrared HSRL.
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Table 1 Parameters used in simulation

Specification Value
Laser wavelength /nm 1064
Laser linewidth (FWHM) /MHz 100
Laser divergence (after expanding) /mrad 0.125
Telescope diameter /mm 280
Telescope field of view (adjustable) /mrad 0.125 to 0.35
Bandpass width of pre-filter /nm 0.1

R S R KA o A AR | KA A T B i g B R ) AR Ak o F ()3T DA B 10 km PUF KA 5 F U I
T I A J2 95 249 0.76~0.67 GHzo PR ILZE BTG5 LA I, % 8 v, =0.71 GHz A R hr itk .
3.2 FPIXiLkiEyas

FPIJE: 5 T 624 2 60 ¥ B OG22 T3 08O 2% B S Rl 26 o0 Adry sRECY, BD

ndw®=@- ALY ! : (4)

1- R) 1+ 4F;~ Sinz(qﬂ/ cos 0/_f1?51{)
™

2 rp RANA G353 g PPV P9 4 18T 52 5 18 11 B2 5 28 BOR W R 8, 0 S SRS Ay, F=m R /(1 - R)  FPLAG
SURIAT AN, frow = ¢/ (2nh) D9 FPTHY H 1 CTE I Bl (n o P B 8] 9 B A9 9T 5 3, b 0 FPTAY IR ). 2R, FPI
14 S IR 3 2 55 R MG A B SC 2RA

[4/0 =R R+ -1)*E

- sinz('m/ cos G/fm)
T

Jin®.0)= i : ()
1+ sin’ (v cos 0/f,;)

-
2 W, PP ST A M A £ FIRIRGE o T TN FPIAEAS [R] 0 HIRE T Y oG M RE R AT 2047 o
3.2.1 CSMS#: X T FPIH 5% 441
2 FPURL T T o a7 565 0 A0 ) 5 B30 45 5 ), DA O A 5 T 08, HSRIL A9 S 3G B2 FB 36 3 T, K
R, A Ko g fdi FPIAY I 5 A8 v 0 55 00 I [ 30 A5 - 1) U6 P00 3 o 5, IO it A2
8v,,0)=27v /f ey =2mm, meV Z, (6)

2

0414004-4



L G-
P Z R . B OGHIE AR FPL, 2008 G R A B, 2028 FPLEUST I Y B it R RN £, » AT LA 3
FPIXS 1064 nm O T I8 B & 538 T, 2 R, WAL H, 18 2(a) . (b) 53 51 ik ?chsmﬁﬁ?*‘ﬁ@
P R B o FPIRS i FT 38 T, F Ry, B R A £, WAL G H T 1] 2(c) L ()] 43 50 45 T b R A= 5 35 Tl
PPz 3k FPTIAE &l o F 1 2 AT UL, o i 2 B UK U6 DY 2 WG YR UIE DTG, FPLTE CSMS LU T 1 Ry, 3%/,

T 1064 nm HSRL [m] 3 5 5 O H— e BOR A A T as 205 HSRL A (9 52 3
T, % R

x 50 100 50
= =
<40 80 L40 10
& %
%30 60 530
=
..E 20 40 cEi 20
5} [}
@1 20 &10
(D]
(5} 5} |
= 0 & 080 085 090 095 100

0.80 0.85 0.90 0.95
Reflectivity Reflectivity

<50 100

5 5

40 40

& &

830 830

3 3

£20 £20

(9] (%]

10 710

5] 5] O
= 080 085 090 095 100 = 080 085 090 095 100

Reflectivity Reflectivity
K2 FPITE CSMSHEX T ES H T, 7l Ry, BERFN fi WML H . (a) BUGEIL I T, L
(b) FUCGEIL I Ry, , BT (o) TIUGE I T, 2 (d) PIKE R Ry, , 2L
Fig.2 Tendency of T, and Rsp. of FPI in CSMS mode with change of R and fisk. (a) Tendency of T, under single transmission;

(b) tendency of Rsp. under single transmission; (¢) tendency of T, under double transmission; (d) tendency of Rsp. under double transmission

3.2.2 CSAS#: X T FPI M4k 5 #7

FPLA vt 5568 0 FH A0 il A0 IS BS540 F {5 538 1, HSRL 1Y B 0K B2 A4y F 05 5 i
SPAT T (S5 RO JE N PR IR UL ) KOG TE 4 B HE R, ﬁaé S| RO, G ) 45 AR A X T 0
2N B e — 2 FPT— B A —E R AL 0. 0, B K/NSETE G RGNS WS A &, — ks
JUA> mrad, B 6, =0.1° (£ 1.7 mrad). 3T FPLA , % J8 H: S I 556 il 2 5 00 0 i 5 [l 3 {7 5 i e rp o0 o
ESA

8w,,0)=2mv, cos(0)/fry =2mm, meVZ. (7)
[ A b, 220 W6 56 B & B AR s i), 2R 2R PP S IS 0 RS R B R A f o, , AT LAAE 31 FPIXS 1064 nm 306 55 ik
BB F R T, X R, WS, B 3() . (b)7 3 B /R T4 CSASEIX T By FPI R GHE 50, T, %u
Ry, B RFN f, WUASfL a3 . % EOL AR & HUM IS, FPLAY Ry, 2 TR /s (5 4 5 4 A5 8, AUy 7, An
R, WHUE B, 0T DIAE R, FS UK — 28 o B AR B £, 290 24 GHz, )2 I ST % R 7y 0.91, i i 2%
T,=43.87% , Ry, 2175 35.6, it M H LK 2,

UM, B E G 1L T s B M S P Gl T PP SRS K Ry, o PRSI FPL 3 TGy &2
HBE BT, A — RN H R, 15 B R EE &, B 3(c)  (d) 3 ) R T 7R CSAS BT Wk i
FPISUH g G, T, F Ry, W RF fo WS AL HA, TEX PG LU , S I FPLAY £, 4 20 GHz, R 24 0.92, %F
N33 TR TR R, A 39.59% F1252.9, PRI SR ILFE 2.

FPIN AE CSASHET , A A5 5, T W ALTR MR — 2 fA B2 AHXT T CSMS B, O it 4l ) 2 5 %
— 28y BRI AT Y A T OGRS A B LA ARl P R OO T, AT RLIR B R K P 0 HOE PR IR
K HHE S, 6 R 2040 HSRL A OG3E E Bk

0414004-5



bR Wt

Tm/% SDm
x 507z . 100 50 120
5 80 540 100
g 60 g 30 80
E i E 60
=) =
: §20 10
(=N
5 20 @0 20
= 0o £ =
0.80 0.85 090 095 1.00 0.80 08% ﬂo 90 0.95 1.0
Reflectivi eflectivit;
eflectivity T Mo ¥ g
100 50 10t
S 5
9 40 80 5 40 10°
g>° o0
530 60 &30 -
=
g 20 0 52
[
g g 10"
& 10 20 @9
<] ()
(]
0 0
& 080 0.85 090 095 1.00 & 080 0.85 090 0.95 1.00 '°
Reflectivity Reflectivity

3 FPITE CSASHEER T, Al R, B R A fog WAL H o (a) BAUCSETIS T, AR H (b) SR BUHTET Ry, 2B AL H
(c) PR LI T, AL Hes (d) PIURSC ST I Ry,, AL F
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Tabel 2 Parameters selection of FPI in CSAS mode

Parameter Value
FPI mark FPI1 FPI2
Application mode CSAS mode,single reflection CSAS mode, double reflection
Beam input angle 6, /(°) 0.1 0.1
Free spectral range /GHz 25 20
Etalon reflectivity R 0.91 0.92
Etalon gap h /mm 5.9924 7.4907
Molecular signal transmittance 7., /% 43.87 39.59
Aerosol signal transmittance T, /% 1.23 0.16
Spectral discrimination ratio 35.6 252.9
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Tabel 3 Parameters selection and designing example of FWMI

Parameter Hybrid arm Pure glass arm
Material N-SF66 air P-SK68
Refractive index 1.87981 (n.) 1.000269 (ns) 1.95953 (n)
Length /mm 7.254 (d>) 25.9972 (ds) 58.504 (d:)
Free spectral resolution /GHz 2
Molecular signal transmittance T, /% 35.85
Aerosol signal transmittance T, /% 0.44
Spectral discrimination ratio 80.6
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