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1) (P22 B LR S RG 2 A s LA 22 0E, P2 710048)
2) (BRPGEE T2 BE L LA 0%, Wk 723000)

(2015 4 12 A 23 HIH; 2016 4 1 A 22 HUREMEEH )

NSEBRS KT 5 G TR, MRAEZOCHOL B IE RERIR RS, RITBOCTHE STOLEOR, @52 TEH T
IKTHS R TOCHOL R IE I R GR. §2 B R OGRS 45 A 08 5 LT R & 8RR I/ RO O TR IE A
MARGE, WL HriBoL 8 Sk R RE R S IR 2 MR R, 2585000t THIE RRSHL, X R G FHR
REI S5 M LS BEAT T HUE 7 1. SRR, RSk F ki B 50 . 1 355 nm Nd:YAG BOtaE Nk
TR, FIRAE T m fRBE 8 AR PRI 16 L R BLIK 21 10, 39 A2 SR8 S 45 UL AR SEA K. A1 X S Bl 7K i s
TG4, SR USRI RHOE S DA 107575, FFIBER BT FIGUE TR 50 m.J F Sk BE RHOG S E 230 m )

PRI B AL PTG 215 26 AR R 45 R, X SERR RGN @ R AT 17 O

KR WOLHE SO, JOLHOLTEIL, K5 %, FMt

PACS: 07.60.—j, 42.68.Wt, 02.60.Cb

1 5 =

HOERRTH 71% # /K 7B 25, 7K BRI i B e 2
NRAAFIREE. HRAR0E, A7A7E T YL I W 55K
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I B 20D O 3 e A B .

AL 20 20 70 SEAX, SEEW 1 BRI B
JEHIA R 40 (AOL), fef ot () AOL-3 RGKH
WOt N UK 532 nm 1355 nm BN, KA
BN IE A SR SRR BT A B A BUR
h 2 BT EYEY) R (colored dissolved or-
ganic matter, CDOM) %5 52 3k 5 1 %< 6 e i 1,
20 tt 22 90 4 AR, 1 [E Oldenburg K 2% 1% Th i il T
WFEROCRIA RS, KA 308 nm XeClHE 73 T30t
A1 383 nm B Gk oA, IR SR 20 cm
P2 B, HoR B IE T 98 10 nm FIERIIIEE 12
AN, AT F 76 100—300 m 19§ AT 5 BE A [ jth Al
BEAT O A R B2, IR T A6 P b i
AR KIS B /K SC 2 5 ik T A7 10 A Szt ) 1
% FH B ML J9iz 201 & B L 8000 B I8
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T AT IR, TARR 475 B AT LLA $] 530 m Pl
H A b2 AR 22 48 52 B e ok 19 2R H 355 nm i
Rk, Bkih EE AR S Hz, K 4 B KOG
JEG I 45 1Y 5 FL G #5281 (intensified charge-
coupled device, ICCD) 1F vt HL i 3 o A HR 1
THIJH 75 AR 7K T CDOM [/ R LA ¢ ' R I3k
HE I, FET 2007 FREAT T I AT IR . 1
FNE £ 1988 4 5t 1 [l SRV =) 55— I AE T TT T A
T8 J ] 5 v T A 3 R FH S 0 B R 1R AT T K
THI Vi 7H 468 0 R SE2 56y 2001 4F, Fp [ K24 A8
X 48637 tFRIMISCRE R, il 7 H TS5
M2 B2 OCBOL TR IS R G, IET 2006 71 &
2 R TE O T A A IR BT, 258
R THT i AR I S22 7). 3k B85 O B 1A R 4t
EFREOR, M SIS AT AR, 8 FRET H
FERMLEAT A, 3G F T 1 S 3 i 7K 38 e ).
BEE T RO D, OGS SR K
NI R G IR R RS T/ NEEAN R
B A5 R A A5 R FH B D)3, AN 1 T i
AT DUEAT B, 5 AT DRI 29K T S 7K T ) 3 i
T =),

WO B I 3B B AR AE R R AN AR R B M )
AR B MR DO K A I A
XTHOCTHIE RGN 5, R4 A& Rk
HEIE R RS HUL L RGBA R Ge 1A
—MVIE R A E, NTTHEF LR RG &, X — A
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H—Fh R B0 SR N OO TR R 4, I
FIH ICCD HA R & i [8] 43 3 28 J vl 1k B G0 FD &
S (PR 1] 11958 O RE 4 B Th — ol B A T 7 e AR
19 FCHOG FR IR LAY | T8I 43 B LA 2 AN ]
ReZHUMEREVIAN TR AR, FIHEOGE IR TTREN R 5
B BRI R JTEAT 5 3, X SEBR R8s B A 1R
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H 217 mm, 4505, AN SR 3 E Princeton
Instruments 2 7 B PI-MAX4 84 ICCD, =& A~
it 6 ke; MEEA RGH B AL 25 kg, 57827 LIS
HE LN AL AT AT 5.
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R H T8 T8 A FIPREM I 5T F IR, Frid
& RUFIPOCRSTIIR . SRS OB N
SO B R SE A R (4 73T S5 K P R 5E . PR
T EERIANE], BT R 9O BA AN BIAEAR [ 73
TEREYIBR, A —BR BB, 74
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BN, I A2 45 53 i Yo 1) R il

3 KE R EN AT KA
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V2R S G AE AN R Gn 3 ) 5T 1) A0
KAE 420 nm, M2 ZK 25 EIESE 685 nm, 17 5 I )
%6 X AE 400—600 nm, WEAE H 03 K 480 nm, X
BEFURT CAIX 43 /K A R 85 s o 191 pR 1 B R
HRGIRG5, R FH AR e )1 H B e 2 A S S 0 U
&, 1M ICCD BA & 7R m . shATE K B 5
MR e LI R R R R R Ve H R A ik
EY)RE SRR AL, RV E R & .

External trigger signal

Synchronous
trigger signal2

Synchronous
trigger signall

Nd:YAG
Laser

Oil film

Water

1 BotdESlm o6l i AL E
Fig. 1. Schematic of laser induced oil fluorescence

spectral measurement principle.

4 BT EE LA

T B B 5 R A I B R G R e
BYIEW T, 757 BUERAL. RIEEOE R L E
K TAE R B, v DAHE S RAHEZ BN ZOLE S
JerHorRE 4,
n(A)A

hc

O’F(/\L,)\)CTd —o(R—

Arh, M(R) NEZ 22 6E 56T, B N
JeREE; RABOETE BRI S, Ry AT abfr
BRWOCHIE RGRIIEE; n(\) AR ZEER KA
AL IR EE TR0 NI AL 23 0l Do S 1 L A
BRI, AR RS D18 Ko(\) ABEOLE
IBRGHIER R AL ((R) AJLME SN T, BUEN
1; RAEALRH T T(R) HAEIL T Ry /e E T (Ro)
P LLVF A SN AL S R 7 e o (R-RO AR oA
IR R EG N(R) NREE R AT M 2R i JE &k
THEEE; oF (L, \) NRICEUES I, 7q R

M(R) = ELKO()\)T(RO)E(R)%

158, h N BT (6.626276 x 10734 J-S); ¢ N
JEIE (3 x 10% ms™1).

Ro
T(Ry) = exp [—/0 (a(Ap,7) + (A r)dr) |,

(2)
Horbra A RAHIERE, BRI THC R BN
VARG RBP4 AL, PT B2 56 A A pg 3] 19,
B RGN R G 5 a5 5 I A HE
1, KA 8 22 U RSURS A BEs FL A 5 ) e 75
{55 2[RI BEER I 21, AR S A R i 2 i, KRR
T S A Rk = 0l

2
Ny = ’7(26) A KoV AL (Z) TANAL,  (3)

K, O ARG A, L K OGRS 7
5, TERCIE AT HUCA 0; AN NIESE B 17 B8, At IR
DB A
ISR K T R OGS 5 RS LL AT R
ATHHEH:
M(R)

SNR(R) = AT TN TN x/n, (4)
X, Ny, R SRS 5RO T8, Ny IR
MRS IS R S, n k8. (30 b2 OBk
RGN B IR R, H (4) 2UAT W, wT DU R
B RO Bk e B S K B s IR R SR
W7 g mfEm L.

Table 1. Specifications of the lidar components.

SH E SR i ZH SHEHH

T e R4 0.14 HERGIEW RS 0.16
PRI TARE 10 liters—  HRNBE TR 10%

FOLH LK HEW ARG H4E 100 mm

SETIEETE 5 x 107 12m?
BoLRBIkehAERE  5.00/50.00

480 nm
TRNE 1158 20 ns
P 9 60 nm
Bl £

Jik i 2R 100 Hz 1 mrad

TR ks A AT PUR I, s2ma PRI 5 545 e L
H R 2R EE AR T OGRS ) & T2 5. B0 550
AT 75 X0 A5 W 3 S e 2R 40 2 BT b iR . B
TAFZEE A DGR AR AH R, Camagni
2 DTS AN R 2R R ) A HEAT 7 sk, s R T
AT & H. A LA forcados 1 N1 EFEAR,
IEHBOH G R E. B A FISE A, AR s FLR i
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EPA, HFAF RIBEE A AHULHES. N 7 B4 o)
T O 4% 5% 02 Hons T 00 2 e bk e 1R I A T
WHREEERBOLE, VPR ERGSH, 4 TER 1.

4.1 EREEERNEHE

GZEIEESE, ISR Bk T RS RIBAE
SAE ARG E 5 e L EE LR B, Wl 2 BT, H
B2 mT 50 EARFI KPR BE BT, T HE EANE &
HROICITI, RGN A5 M Ll DL BIHK K 1 52
e MAEA RS R LI DL T, RGN B B A
JikrhRE B R m M fe . A LMEWEEL SN R = 101
NGOG T IE T LLSE BT H AR A 2RI
I A DO, AR 4 A b 2 B8 v (¥ 5% 0k s BRI
ARG, ARRKITREEAE 50 pd, 1EH R RSB R
B AIA T m, MAERE ERHEKE] 70 m.

0.10 -
0.00 [ A -+ 5 pJ(daytime)
! \ -—-50pJ
0.08 | \ —-—- 5 pJ(nighttime)
0.07F \ — 50
E ) L
= 0.06 -
® 0.05 [
< F\
£ 0.04f N
0.03F
0.02 -
0.01F -
0
10-1 103

K2 RGNS S (b R A

Fig. 2. SNR profile map of system echo signal.

4.2 FNAIRMKREMGE
IR R GEAE F RIRI, R 2575 S S e 75 2
I R R, IS R G ) N TR e B
S A A P 1),
FeheKo (N) 2A71q Ls
Cen(A) A

) (SNR)mln7

(5)
H Fo/C = 1, #HWLEM 2 = 2 x 1076 sr,
SNR = 10.

BRI R IR, K251 B4R S AT DL 2
PGB T, ICCD I HL I Mgk 75 44 1 5 W0 e /)N AT
RN BE & 1) o e TR 2=

hc

B = 555

Er )= (

Faigrg

Cee

)% (SNR)™ . (6)

Hr ) ig /2 ICCD FIS L.

98 GO B A 7 R AT DAHE 3 H 3 — PR R 4k
1) B /N T PRI
_ Er(N) R? 87

ELKo(A\) T (R) Ao¥ (AL, \) c-7d’
(M)

N0 KRG ARNVERE, X 5 G0/ TR
WRPE AT BUE AR, TR S5 A 3] PR B Ak d /)
AR BT SRR S )6 &R, W 3 s, ER
(BRI, R TR 20 s e P m DL, i A ey
M REE, 45 LR GRS FE 9 100 MK+ /L NI
B, T SO s kit o 5w ERI R 4, £ E R
A _E AT RN BE B AT 7 m AT 53 my X T ELEOE
ik 50 W BIERI R 45, 1E E R BRI PR 25 5t T
PLIEE] 22 m, TMERE 1 100 m AR EE 25 A # AT DA
il 21, A ORIIE JR G A B 1 R B, IR B RO
kA 50 pJ BIEOGHS, WAL 100 m &b, % RGN
PRWNKG B 1T LA B 10 AR /L BA B, BIAEAE BT R
BARRTS SRR ST, 757 m PN AT A 2 [ A
FEE. AT 0L 3% CL B S BORTH I R G B A Bm R
£, AT LAY 2 SEBR B 223K, % R 4] DLS T
S ZE AU K TG G 1 58 6 IOG FR AR .

Nmin (R)

10°
0
o 10%F o
kT e T T
a e I
o102 T T
g . - -
= R
g
S -- 5 pJ(daytime)
L ——-50 pJ
10° ://// —-—- 5 pJ(nighttime)
K — 50 pJ
10-1 A R T R S S R S T
0 0.02 0.04 0.06 0.08 0.10
Range/km

B3 B/ PRI 2 i o 2 11 AR A
Fig. 3. Curves of the minimum detectable concentra-

tion changing.

4.3 RGFMENR/NEEKPEERE
Ui /MEME L SNR = 10, @il % % F5 ik 5 2
AT TE AR S K T et BRI BT 7 ) s /NEOG
B K I i 2 R DN RS B AR AL L, P 4 P
THRSE R LA R AR IR BE 21 T, M 4R
IR 75 WO 45 0 B ik B B BN, R4 JOR BT
O A BBk BE R 1/20; BE B AR DK R A R
e, T s B/ NG B K P BE R PR AR. A7 DA /MR
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MAFE N = 104 /LTEFIRGE, 120 50k 5E f K
50 wJ HIHOEAAE AR AT AR 2] 7 m A7, TIAE
i b AT DAERIN 21 50 m DA, 3X 5 7l 45 1 EL AL
THEAESE A — B, W% R G2 Bk B & B
H P AT 1, O SEBLK S OGN, BE & PR
PEBS TGN, P 7 A f /MO B o R R B PR AR
IR UGS 5 R A ik AE 509 200 uJ
FIOL S, WAE 100 m AERINER B A AT SE BRI 1)
KIS SOEREN; SR K R E 58 10 mJ AR
i, 7E 100 m AOFERIER 5 P AT SEBLE OR AK K T
T5 9.

10°
-- N =10(daytime)
---N=100
101 ——N= 10(nighttime) .
—N=100 LT
?& 103 F ______
< .- _ -
= -
50 _ -
= . L S
2 102 7 - =T
5 R S
. // »/./ -
L. 7 /,/’/
W
7
. / ,/'
100 ) /1 1 1 1 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.10
Range/km

4 RGP B/ NBOR K e R ) A4l
Fig. 4. Curves of system required minimum excitation

pulse energy changing with distance.
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500 wJ, 5 mJ, 50 mJ IR R GEAE F R /b ]
BRIREE. (& 5 T, B Sk BE R RIS K, Ao
)28 5 1) B /0N T R DR R T g, B R U R, AP Y
R, KR B OR. B KR RE BN 50 pd HIEOGEE,
FE1 km AL, KK FIRE BRI N = 10° /LA
BA R REME L, T ik fe 58 50 mJ 06
B, AR R, 761 km AR IR T9R B X 75 I8 3
N = 100/L gt a] LLEA IR (5 LE.

AR LA L2 b7, BTS2 BRoK T, 38 H 2 W T Y
T AT, SEBR AR PR B — M AE 100500 m,
PO TEIE RGHATHRI. Q4% RO
ERIN RS HBR T PRI R G, HTCVEE BB AR
PRGN AR5 R e ALk 1) R S 2 = A7 LA [ F A 0 2
S, AT DI e R 1Y RO A FR K b B R U7

B 0of S0 S BRI R 4, B0 B bk b B =
50 wJ, EEME 100 Hz, IE 5 mW REOLEE, 7
PR B K I 7 m BRI D428 100 mm [ R4t
BRAES, ERGERBLSNR = 10 &4 T
AR I TSR IR N = 104 /L; 45t sehrbl#k
WNEIE RS, R HHHO6 S 8 k5 ko g &
N50 mJ, EESE 10 Hz, RN 0.5 W OGRS,
ERAILRSHIIAEREOT, 50T 78 B /K TH
230 m Kb 15 B RS2 40 = AR 2R G [R] A 2%
R X—HRX LR ELRFNEEAARES

107

— 50 pJ
- —-500 nJ
6k
0°F . 5mJ
b 0w
"4 104 F
~
g 3k
= 10
102 g
100
ol 1 1 1 1 1 1 1 1 1
10% 0.2 0.4 0.6 0.8 1.0
Range/km

B5 bkl BE B iy il PRI FE (K5
Fig. 5. Influence of the single pulse energy on mini-

mum detectable concentration.
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1% RAHASEA BB T, RTFRH0LEHE S
Jik 7 8 36 K 3 50 mJ, HERETE 230 m 1 55 A £}
R e/ ME LG 10, A0 BRI E R 104N /L 1)

A5

070704-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 7 (2016) 070704

SE3H

(1]

Tang Y H, Liu Q S, Meng L, Liu H C, Liu X, Li C X
2015 Spectros. Spect. Anal. 35 424 (in Chinese) [J#iz
], XUERE, Fa, XV, X%, ZFFHE 2015 Y63 5ok
434 35 424]

Sun L J, Tian Z S, Ren X Y, Zhang Y C, Fu S Y 2014
Acta Phys. Sin. 63 134211 (in Chinese) [#h27, HIKARL,
EF 7, IKIERE, [Ha Kk 2014 PFE2ER 63 134211
Wright C W, Hoge F E, Swift R N, Yungel J K,
Schirtzinger C R 2001 Appl. Opt. 40 336

Brown C E, Fingas M F 2003 Mar. Pollut. Bull. 47 477
Lee K J, Park Y, Bunkin A, Nunes R, Pershin S, Voliak
K 2002 Appl. Opt. 40 401

Masahiko S, Kazuo H, Hiroshi Y 2008 Proc. Visual Inf.
Inst. 28 9

Li X L, Zhao CF, Ma Y J, Liu Z S 2014 J. Ocean Univ.
China 13 597

Fingas M F, Brown C E 2013 Mar. Sci. Eng. 1 10
Cheng SY, Xu L, Gao M G, Li S, Jin L, Tong J J, Wei
X L, Liu J G, Liu W Q 2013 Chin. Phys. B 22 129201

(10]

(1]

[12]

[13]

[14]

[15]

070704-6

Noh Y M, Muller D, Lee H, Choi T J 2013 Atmos. En-
viron. 69 139

Wan W B, Hua D X, Le J, Yan Z, Zhou C Y 2015 Acta
Phys. Sin. 64 190702 (in Chinese) [J3 X 1#, T £, K,
E¥, B 2015 P34k 64 190702)

Men Z W, Fang WH, LiZ W, QuG N, Gao S Q, Lu G
H, Yang J G, Sun C L 2010 Chin. Phys. B 19 084206
Guo J J 2011 Ph. D. Dissertation (Qingdao: Ocean Uni-
versity of China ) (in Chinese) [#84x5% 2011 {H+- 224718
M (E i hEEEER))

Measures R M 1988 Laser Remote Chemical Analysis
(New York: John Wiley & Sons, Inc.) pp44-70

Hong G L, Zhang Y C, Zhao Y F, Shao S S, Tan K, Hu
H L 2006 Acta Phys. Sin. 55 983 (in Chinese) [t
SkTHE, B, HEA AR, EER, B 2006 PR 55
983]

Nakajima T Y, Imai T, Uchino O, Nagai T 1999 Appl.
Opt. 38 5218

Camagni P, Colombo A, Koechler C, Omenetto N, Qi
P, Rossi G 1991 Appl. Opt. 30 26


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.134211
http://dx.doi.org/10.7498/aps.63.134211
http://dx.doi.org/10.1364/AO.40.000336
http://dx.doi.org/10.1016/S0025-326X(03)00213-3
http://www.ncbi.nlm.nih.gov/pubmed/11905563
http://dx.doi.org/10.1007/s11802-014-2098-3
http://dx.doi.org/10.1007/s11802-014-2098-3
http://dx.doi.org/10.3390/jmse1010010
http://dx.doi.org/10.1088/1674-1056/22/12/129201
http://dx.doi.org/10.1016/j.atmosenv.2012.12.018
http://dx.doi.org/10.1016/j.atmosenv.2012.12.018
http://dx.doi.org/10.7498/aps.64.190702
http://dx.doi.org/10.7498/aps.64.190702
http://dx.doi.org/10.1088/1674-1056/19/8/084206
http://wulixb.iphy.ac.cn//CN/abstract/abstract11499.shtml
http://dx.doi.org/10.1364/AO.38.005218
http://dx.doi.org/10.1364/AO.38.005218
http://dx.doi.org/10.1364/AO.30.000026

32 % R  Acta Phys. Sin. Vol. 65, No. 7 (2016) 070704

Simulation of fluorescence lidar for detecting oil slick”

Jing MinY?  Hua Deng-Xin"" Le Jing?

1) (School of Mechanical and Precision Instrument Engineering, Xi’an University of Technology, Xi’an 710048, China)
2) (School of Mechanical engineering, Shaanxi University of Technology, Hanzhong 723000, China)

( Received 23 December 2015; revised manuscript received 22 January 2016 )

Abstract

In order to measure the oil pollution on water surface, a fluorescence lidar model system based on laser induced
fluorescence is put forward for detecting oil slick. The system model and fluorescence detecting principle are described
in detail. According to the properties of detected material, wavelength of laser and filter of receiving system are adopted
to ensure that the lidar system is operated at the peak wavelength. Following the development trend of miniaturization
in the world, using single laser and intensified charge-coupled devices, a small fluorescence detecting system is designed.
FTSS 350-50 laser made by CRYLAS company, with compact dimension, low weight and excellent energy efficiency,
and PI-MAX4 intensified charge-couple devices made by Princeton Instruments company, with good time resolution
characteristic, are selected to produce laser as a launch device and to inspect fluorescence lifetime and capture image
as a receiving device, respectively. The laser excitation wavelength, the energy of laser, the center wavelength and
bandwidth of filter, the received echo fluorescence signals, the detected concentration and distance are discussed in
detail by means of the instance for oil on water surface. Through analyzing the relationship between the energy of laser
single pulse and the detection concentration and by combining with the parameters of fluorescence lidar system and
fluorescence lidar equation, the detecting ability of system model, signal-to-noise ratio, etc. are simulated particularly.
A numerical simulation of the signal-to-noise ratio of the fluorescence particles is conducted particularly so that the
detectable capacity of system designed could be described better. The results show that the signal-noise ratio of system
which is operated during the night is superior to in daytime in the same single pulse energy case and that the detected
range becomes gradually longer as the energy of laser improves with the same signal-noise ratio case. The required single
pulse energy to support system is calculated, and further verifies the feasibility of the lidar system. The test results of
the sample show that in the daytime, the design of fluorescence lidar model, with a Nd:YAG laser of 50 pJ single pulse
energy and 355 nm wavelength serving as an excitation light source, with a collection device placed at a distance of
7 m, can satisfy the requirements for detecting oil pollution on the water surface in laboratory, and its signal-noise ratio
can reach 10. In view of the actual surface fluorescence lidar detection requirements, the method of increasing the laser
power is proposed. A real system with 50 mJ single pulse energy at a distance of 230 m has nearly the same performance

as the laboratory lidar system, which could provide a valuable guidance for designing a real system.

Keywords: laser induced fluorescence, fluorescence lidar, oil slick, signal-to-noise ratio
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