% 46 £ % 3 TSk T 2017 4% 3 A
Vol.46 No.3 Infrared and Laser Engineering Mar. 2017

';‘{', A Y = : A =I= > L\B :'-‘1
REREESHMATERLER,

B, R R, D
(1P BAERMKF TRBEARINE P, XRZE 300300; 2.9 B RAK T KALLFEH LT, R E 300300)

W OE. SR FTXMATRARLERMNE, BIRNRZEEER T AR AR, KAH R AR
SERHEELFTMN, ZAARAEERNRETERAZBRAS LBAEE, 2w, Atk A
A kB BRI B RUE M EARR A IR IR . AR R — A R R R AL H R R B A
HHRARBEREARESNRILERE A, BATR B R TR ITHAELE ; REHHREELE,
AR &R RIF R H R R 2 AL ; RS 3 T Fernald %, AR F KRR ALHRRKREILE T FA
FrRARXRAHARXGG AR RN, ZAERG T RILER G, B IRF LA AN LRI
B AR BATATE 69300 F X AR L EAL 5w =) ok AR LIS E T i?;a?%ééﬁﬁﬂio

KR BOLEFE;, REE; HALARKLRE;, KARL

i E 4 %S TNO958.98 XHARER: A DOI: 10.3783/IRLA201746.0330001

Lidar visibility inversion with breakpoint signal
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Abstract: When lidar is used to detect atmospheric visibility, if cloud, fog, smoke, dust or the hard
target exist in the detection path, the atmospheric extinction coefficient will change significantly in the
local area, then the lidar return signals occur mutate against the original attenuation trend along with
distance. Affected by it, using existing algorithm directly will cause the accuracy of visibility inversion
low or wrong inversion. A combination visibility inversion algorithm including breakpoint location,
extinction coefficient boundary value determination, extinction coefficient iterative inversion was proposed.
Firstly, the breakpoint signal was found and located; Secondly, breakpoint was excluded by using slope
method to acquire extinction coefficient boundary value; Finally, atmospheric extinction coefficient and
visibility based on Fernald algorithm were inverted. According to the simulation experiments of two kinds
of typical atmospheric extinction model, the accuracy of visibility inversion is improved, the more
accurate global visibility is obtained. The validity of the proposed algorithm is also been verified by using
real return signals of the lidar visibility meter developed by ourselves.

Key words: lidar; breakpoint; extinction coefficient boundary value; atmospheric visibility

W7 B #:2016-07-07;  f&iT B #1:2016-08-10
E&TH . BHEARF ¥4 (U1433202,U1533113) 5 H g 75 #1585 AR 4L 42 (3122016D007)
YE& B 15 0 (1983-), 53, P, -, 32 22\ S50 A I 5 T A9 A 5 . Email:fengshuai2004@126.com
BEMEE G LE(1964-), 55, #8214 )5, E= M GEH0E TR R | G AL 2% 5t o 5 AR 45 J7 10 9 B 58 . Email: jlhhit@163. com

0330001-1



bk T2

% 34 www.irla.cn % 46 %
GEAR I AEAE 235 W Al SRS B, 3R AU B e 23 A
0 5] & T o PRIk Ay v f A 303 't FR B FHE T BR R AR AN

KABE I FEAE N RIE R B EN — 1 EE 4
B, AR GRS BUR KRB, BAMY
JEACH N 1 F I E 6 A B R BT 58
T A2 Ky AR A B T R R A A AT o AR A
Bl BT J % 1997~2006 4 4 Bk R AT 55 iR 42
FhHRAMECHEMGEIT, KRR E & &k
31.4%" i a8 fig 0L B LI X R B L A KAT K 2 L
HEAR,

O T AR AR LR SR 4k 3 S XL A T X AR
U0, BE AR 22 Je — o 8 (1 g D0 R SO0 5% 4% o B KR
Ji ) ARG T G RN O 5 R R BAE
[ 5 1] M5 5 e E O KRR W, B B
B, 0 o 245 2R A 2 M 5, BB o AR B L B S
A

X WOL A B8 L RE R AE R S KA [l
5 AT B A 32 B R IR AR R R A R A,
5 Bl R DU BE B S R U . R IL PRI R T ]
155 WX FP kR A, 3 2 Fe /D R 4RGSR I A 5
Xof B B I TR AR S IR RATEE R &,
ARAFREILBE o SR MR B A2 1 = (55 b B A
H bR i B RS AE Y AR, KA B 5 55 A8 1k
WS BUEP A SRR B R ERE, R A
IO I P00 P S U e A T I A S BT R
9 Bl 2 R DA A BE S 5 L NP R A S
R K SR EA XA R R, 51 R R E
2 . Klett 3 Fernald ;&8 4836 Fl FAEH 5 KR
AT OE R RO, (R 6 R EGH FHE W
SR TR N B HE A0 T A A 0 AR L T O
2 0 S R 5 1 o Klett 62 % SCik [6] 4 1
AR DAL FAE AN ST, R S S
S B R 2 R . R SR T — R A
Rk W R BOR S S Y R MG X, HKE T
BT T O RECUE (B, (H3% 05 3% 1m0 15 49 i 28
AR E BN, — B REF S FAER S BRI IRZE
PR LT T — R b R BLA Al B O R
EURR N DR I (EN SN PZ I [N - R B
W A 5 R i 3 A, 1o A BB RE DGR VOHR K B R
RO 2l 0I5 3R U O R 800 FHE 1 R H

SRR AR L B o B F A A AT TR R
AR 8 A X A S SR B R B 15 S g E
S GEAL AL T L B AR N [T 3 £ 5 2t B
KR, W55 1% w2 5 1 R A, 8 R XE
PAH 5E o B RERMWAR M — Fh otk 9 B & 28 3k Tl
i 225 G S 9 R R R AN LI IS I 20 69 18] 3 £ S
FRLVBIET —SBA BARH Bl THESS
NN ERE BN TR SR AT FoR X d/5h $i1i8

T, SCH R — B RE DL RE BB A 1 o IR SR R
AL 1 E AL T OE R RO FHE R E Tt R BOR AU
RIS 43 FE AT AL G M5 S R A b 5 E OB R
ROF R RE WL o IZFE MRS (1) RERE E LR
AE T IR A S S 5 A SORE E AR A
(2) BRI, BB L I Bl 315 5 /Y 3 B
e, gy BRSOl R BGL BHE s (3) RATEE T
Fernald 135 (U535 , DA BRUCIE A 5 3 75 21 R U RE
DL JEE A7 0P e S THORS JE o

1 M BEAWERES

WOLH IR AL EEQH B R AHEE o,
TAOE T R AT T 4 P CAE R 0L
IR S, WO TR IR D5 R T AR N

p(N=Cr YB(rexp(-2 | atrary (1)

A p(r) 2 WOG B IR H2 R 19 K ASS 1) F R
55 3(W) 5 C I BOEH 5% (W -km*-sr); p(r)
R B ES (km); Y(r)  RGE UM E SR F 580N
KA 10 8RR B (km " - se7h) 5o (r) S R DG &
Hr(km™)

WOt T IR AR GEAE B B B A ] AE S 1R
T o B RGN AR A Dl [k {5 S Tl 2 B A B Ol R SR AR N
PR, X FEHDLE RS, ZIUMES N T W,
0.1km DA, A SO A A& A, 3IE
SR E ;0.1 ~0.2km, i kW& W E A, G S
BT ;0.2km LU IR MG 8 A, S
Sk KME . WG, & KM BE, B AE 5
2 R 0 S ) R e . L SR AR B A B
WE = F A ECE H AR B (S R S %R

0330001-2



bk T2

% 3 M www.irla.cn % 46 %
SRIG SR, WAE 0.7 km W3 1 — B, BIE 5 [P =us
ZEAE AN A % AR 5 R T RE DL R B R R R — 1 X
o AS=1 Y As, (4)
Y T 1R 2% o 5 &
/‘{CEMansmitting field G=kxIAS,| (5)

=

Telescope and dgt€ctor

loud/&wg

0.
Rang ka

13O 3k A TR e i A [l 3 5 5

Fig.1 Lidar principle and typical return signal
&b = <
2 ERERERE

G JEAL 1N RE LR ST A R, B R R
5 BE B8 L B3 3 A 4 =38 00, r i R AR AR
RAVANTED S i SU RN FR VR R P | Sr Y AWra T
21 REBFSEM
(1) AR RALE Ao 1 58 HIBrOL & ik [ 6
T AT AE AL X, 5 A7 A U A R A AT B R
M5 & H G I E N ro, i Xk 8, B
o3 0 i ARG JLA A IR T TR AR T MR L TR E X
18] (ro, 7,) 9 POE TR I8 [0 A5 5 B0 A A X O F BT A
BIX N BRAFAERAS , T 1o 5 25 R R0 B
B RLIEAR 7 S(r) B M — i il 1i) 22 304 -
S(r=In[p(r)-~] (2)
AS=8(ri)=S(r) (3)

Bz H 5 B g M E G AT I E, G

HIJ T 5 — B T 1) 22 07 O {E KA A 4 X B . X RE R
IR 2 PR g 1 O 28 K358 55 A8 A 5 | Rk (81 15 5 1 2R
ARG T IE W B B IR AE AL, % B RE AT O IR R A

KBRS AR R AS=G, HEHM
M oA B TFRASE A IR 0<AS<G, O i iR
Fla A, RS 5 S = R — BRI 254 M
X AL SO R B, A0 SR A7 A P S BB L
B — B i 1) 22 43 (R T &2 83 S(r) BB K T 24 1 s
SCrofd, W) vt Ry B FF AR A, A, R 2 AT A
A BTSSR AT TR A SR fE SRR AT
FIWTIZ A TS B T2, WAk 20 FI 7 2 15 O T B2
AR A5, FIWT IR 2R T B AR e R A 3
0 3 58 AF AL BRIC R r, 3 FIT 1A S AN AEAE
{55 578, E 4R 1115 5 09 A 200X S 3 A I JE

(2) W5 AL R o B SR X TA] (7o, Fopsr) 0 BCHE
Bl AT /DN IR LG 10 SR R AR £ r X IV LA
(B S(rips) o SR IG5 2245 10 SNBSS S(rp) T 35 HEL
T3 XS BE A FLW R AE B ARSI TR
Pl Al H A TR AZZM TN EAEHR N IE, W
O 7 A8 2B Figeo
22 HAERBLREHRE

Wk L b R AT DL 2 DXL R (s Fope) o
53 BRI 15 L (ro, Tige) VI 15 B (Fges 1) HEAT BRI
TG, ARG AT E B LA A5 R
TTde/N LA, e T 15 31 51 ok 28 748 A i R A<l
Befm'a o RIZAE SR AR, /TS 2008 Rk A
{H
23 EHXERBERRE

K HI 3 T Fernald % 19 3 Q550 06 I 8 R UTH O
F %1, Fernald %5t (9 6 RECH 1% R -

X(rexpl2(S,-5,) | Bu(rar'] s

or)= X0

0-11 (rm )+Sll /Sm O-"l (rlYl )

X X(r)=p(r)r* B E K IEAE 5 5 0, 9 TH BH L
AR 00 HRZIT T HIE R Sa=0 Ba, K
TGS 10 U L, BUEALE 40~60 Z [6] 5 S,=0,/B,=8m/3,
RS F OGBS L 5 B, AT AR 45 5 [ A o R
BRI R T ) T R AR E

w2 | X0expl2(5,-8.) | BurIdr 1

-3e0, (1) (©)

m

10 R BOE AU B R R . A B E 19T
6 A BN P o, B 2R (6) T3 SR B 4% | 4% 45 T
IR B Oeans IRIG SN 00 5 O H A XS R 22 2
HANTHEBEMERMEE . HRT K onen 1EH
T 06 28 B0 FE AR 2 kAR o /T 4 1k 4G f

0330001-3



bk T2

% 3 M

www.irla.cn

#40 %

Oean 1N B I TH G R BOME o S 0 7 30 e 42 A 26
ORI, Zad A BRUCEE AR AT SR AT R O R B A
5E fiff o

3 HESXBRSH

151 36 15 5 19 2R A8 Hh R 0T Ot & B0 38 55 A2 L 5
A o BT A g ORI D R e 5 R D I
KA AR R CHEAT T L. THS
BOR A AAT ORI O E B WE AR Z S B W
F1PiR.

Rl HAELEIAENRRESH

Tab.1 Parameters of lidar visibility meter system

Item Parameters
Laser wavelength 905 nm
Transmitter Pulse width 100 ns
Pulse energy 20 wJ
PRF 5kHz
Optical diameter 50 mm
Receiver
FOV 1.2 mrad
Filter bandwidth 5nm
Quantum efficiency 38%
Detector

Dark count 20 counts/s
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