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Estimating noise scale factor and SNR of atmospheric lidar
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Abstract: The signal-to-noise ratio(SNR) of Lidar (light detection and ranging) reflects its radiance and
is one of the most important parameters for evaluation of lidar return signal quality. However, it is very
difficult to estimate the value of SNR quantitatively in practical engineering. At the first, the algorithm
was used to estimate lidar returns noise scale factor (NSF) and SNR. Then, the value of NSF of the
Rayleigh lidar were estimated by measuring 0—40 km atmosphere day and night with 532 nm wavelength
laser, which is 0.07 in daytime and 0.034 in nighttime. Finally, the SNR of the atmospheric lidar was
estimated by the value of NSF in daytime. Result shows that the method which based on the NSF in
nighttime of lidar to estimate the value of SNR is feasible. The evaluating of NSF and SNR of the lidar
can be used as the basis for its overall design and inversion.

Key words: lidar; signal-to-noise ratio; noise scale factor; noise

K fs HH#1.2016-02-08; {&1T HHEJ.2016-03-05

BEEWHE . HR A AR 4 (41205119); F R 863 1% (2014AA06A512)

YEE & A X (1981-), 2, {4 AF | 3228 NS0 E 26 KR J5 i A9 WF5Y . Email:pdeng @aiofm.ac.cn

Sl v XU E (1968-), B, #8z , Wit A 50, 1, 328 DR IR 3 B O T A9 9T . Email:jgliu@aiofm.ac.cn

S130003-1



aohligk T2

% S1 2 www.irla.cn % A5 F
P A H (SNR) 4T 58 B i 5] 915 515 722 2 1 24
0 5| 5 (MRS 2 H A S W 7 3R 5 06 2R A it 4

ULAESR  WOGTE A £ ohi@ iR AR & e+ ok
WOGTE 8RR & S 0o R, it ) e ok i
Wl I AR X A T LD R e s
Ay AR Bl AR B S S AR, A E AR R
KAHEI RN R BE W 45 7 i & ¥ 5 mEAE , X T
WOT IR RGN T, HoAA RO A iR 25 55
ERGEMEEMESE, HOLHEE RGNS
fE e R RO TR IR RGBT RE J) W 3RAF, R R
6T IR IR 4 [0 38 15 5 o 1 S B A, H
A SE AR T TR R RE 7 DA B R 2% AT L 3K
SR IR L AE R LU E T HOE TR IR RS RE S B
IR, BT ARG MERER EE AR, SR, i
FHOLFIE RGN E 2t DL e ik — bk, )
WO TR I 1 15 55 e bl AT 8 B A IR Y
HE b, T O R R R G RE ) £ R RE S A
TR DG ER IR MRS (M b, e SE b TR,
ST AR W LI 00 S 43 22 58 2 BOUE LIRS off )
PR, HA R o S 508 23 bt 25 s ] A0 T AR SR 1 Bl
AT AR, B AE S BRA A b RS BT 50 R e I A5
M LU AF AR R PRI, B4 N 538 5 B 2o 3 1
A E RGP A LS5 AT 7E Sk
W R R R E I A S, R B E R H Y
SKUEAT BTk, NI OBt — B W5 o6 ik
RGEMIEAE S EMR TR, MEOLEE RS
T 1 T B 2850 T B LA S g

SCHER R R ARG TE IS, NAMOLE AR
Gefm e L 33k QS e 28 A0 | X R e M L 5]
F (NSF) Fl [B1JA5 515 M be i 3+ 3 0 vk B A7 T 1 5%
Sy, 3 R R O T A R Ge A g B R R
D, 5236 72 0 2R FH G FL A5 3 4 (PMIT) #8325, A/D 5
Bt or RER, SRR RS S 1 R G MR L
151 DR % [0 30 £ e L R AT AR G, v 1% i
SEIEE

1 it&EFE

TERAFMHOCTHR B RE PG T, BT
KA T AV A IS I HURHR 5 2 80, i K=
f4 1 SR O T 5 MR P RO R BRI 48 ) IR 7 A S g

BT RO 2 T LR R R e , LT 1
PO T A,

i Py(Z) F R AT — 52 1 1] A A B 15 5ok
TR, Pu(2) 3 [F— I ] P 500 BT A7 W 74 e
TR ML T LA R

Py(Z)

SNR=
P\(2)

(1)
1.1 E5it&
WOLE IR RN B AR MR 5 Py(2) i
T A A5 2 Y S A D A D s T SRR 5
Py(2)=P..(2)-BG (2)
K P (2) R PEOE TR B 0 R R [ {5 5, el 60
i BN RS 2 AL HE H AR A S A g
FEAEY5 ; BG 15 5t W 545 Bl 00 & B A
WOGTR I8 0 A5 5 AR ORI SS , R A —
FEES LA , WO 75 3k AR 5 AN P Bl s B2 AR Ak, AR
EEHEOE TR R RS 5 HET S5, Ik, nT it
RS LS 5 S5 FREE A S G Y.
1.2 BEItE
WOL TR Ik AR5 T S5 T A RORT 5o
P L AT A ORI MR R R P R P
H AT 5ol s 2 R PHOE HE B A
SRR G B A P B EHE ARG 74, A6 R 5K
UMY, FARETE S RO R IR RS R
Mg 7 A U I FEL I R 7S S AR A OB IR I L R,
FL AR IS T EL J5 ' FR BRI T A & B -, JE A
(%) % L A MR P 78 G S 0 S, 00 25 ) % L O AR 7
SR OGRS I BE 7 0 T M SR U Ok R S
AR R TR, R 2% A A B[] P B RS
B A, Ho K e F ATl ag, i TE TR 5
AT BB 7 AR AR PSSR T BEL &8 A
B T 2RI R R Gz Bl AT LS =R S
S HL TR 15 1 A A O
H TR G RePE I 2015 5 T ECk:
B AN B W 1) RN — i R 38 Ty 25
SR 22 SRR A ARTE R R AR
P\(Z2)=AP.(2) (3)
Kb AP, O TR I B SRR 1T A5 5 AR T
T2z, HOM G TR A5 5 AN & BE L WO 3Rk R

S130003-2



aohligk T2

% S1 45 www.irla.cn % 45 %
Vel S R S, AP RS B SRR 22 P, W B B 1

Py(Z) _ Pu(Z)-BG )
PyZ)  AP.(2)

K APL(2) 5 I 5 B3R | R GERIREIF S8
ARG TAR T REEE VI

I 1 R R RO R R 1 A B A B R
B BRI TE] A P01 B A SR DI 7 BUIR TR AR 7
fii o G HLFHE A (PMT) Il &, BRI R A 2 0 e
TR IO, A T AR R

AP (2)=N P (Z) , (HHHTILHFFE PMT §] 4% I
BRI GT R, IR el R A
B A/D RREE e R h & 5] A H At — Se B i g
o, o 2 AN B A5 3 11 [R] A 5 A5 IR 93 AR
MTTTE A/D SR 45 00 1] 345 5 2 (8 5 101 9% 1
ShRAER 22 Z AR AE DL R R,

AP (Z)=\/2¢BF,G,Gs V Pu(Z) (5)

K .e B FHE ;B ABOLHEBIBEWRSE W 5,

B=1/2t;t 43 WA F, 80045 B9 e 5 K5 G,

RN 2 3G 25 5 G S BRI 25 BE AR B L i 3] A/D

KRR . HIE —A>78 & NSF
(Noise scale factor, NSF)Mg 7 [t 4] PR 7121,

NSF=\/2¢BF,G,G, (6)

Hy AT DL NSF J& — A R AR BOG T A 1 241
MTAET Wi HOCE R R G SEOA 224k,
TEZWOLTE IR RS NSF A — e H, HFax6)
r I 2R 2 A S RO DL R I B Ok, B DA TG
A FO)H L NSFAE, HAZG)I6) T LI :
__AP.(2) (7)

Pr(2)

AJ UL NSF 2 — > 3R B [0 br i 22 5 15
IR Z IR R M —A 1, B 5 MG 1 4 |
R CRAE IR G, XU H ARG S5 S M E iR
WO ABOETR IR R GG, S4DiHE R HE
g K SRR, B L A SRETY 505 S AR HE
Tz SR ER, 5 BFREEAE S 0 bs R 2
SRR RN, B R R 18, an SR AE i s
PR AR S MR I R T A IR MR P (IR L D R
PR AE) | WITA T SR B B ARG SeIgE
NSF {8 ] 42t AR 5O6E S8, /D

NSF=A% (8)
P,

SNR=

NSF

{H . RO TR IR SE bRl b A N ROk ko )
Wl (55 AT BRI P Rk S E R L, N R ROk
R B 5 R AE SR — R OBk s Sl
B N2 AE, R
AP=AP,\/N 9)
K AP, NS AR ER 2 N AR
XA PMT IS, o PMT [ S
HAR/DN, AR TAER, BT AR ARLE =R E
Z AT DL R LR 0 B, 1 M O R T A i M
7,0 NSF B 0] UA)FH R 1 75 5005 5 13
D7 AR RS MR 25 L e TSRS 2, B NSF {8 v] 38 2 2
KR(OEE], XFAE APM 1755, AT H s B Fe A
K, WIVRFE 221 W5 L i e 75 9T LAE TH 55 NSF B, /%
BRI LA A5 R, B
NSF=_V(AP)’=(AP))*. (10)
P, -P,
AP, AR W R BRI 22 Py AR R 75 1)
YIMH .

2 LI RGAEMR

3 A AT WA B A OO IR X SR AT
Bk, 123 AR O 75 3k R 40 2 O R S
g3 A5 S HC 53 PR R AR SR ) = A AL, &R
Gt )R AR 1 s,

Receiving
optical
system |

Diaphragm

»l

4 Collimating
optical
Spectro- system
meter [

Expander —
1
1
1

________

Laser

Computer |

K1 BOLE LSRG
Fig.1 Schematic setup of the rayleigh lidar
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Tab.1 Technical parameters of the Rayleigh lidar

Lidar system Specification
Transmitter
Laser Nd:YAG
Wavelength/nm 532
Pulse energy/mJ 400
PRF/Hz 10
Divergence/mrad 0.3
Receiver
Telescope type Cassegrain
Telescope diameter/mm 400
Field of View/mrad 1.5
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