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Abstract: It is necessary to develop a remote and non-contact technology for material composition analysis
in metallurgy, nuclear industry and deep space exploration to protect the operator and equipment in
hazardous environments from high temperature and strong radiation. The remote Laser-induced
Breakdown Spectroscopy (Remote LIBS) technology is a combination of the two key technologies
including the long—distance transmission and control of laser and the collection of weak spectra signals,
which can be used to obtain the information of target material composition from a distance. In this review,
the remote LIBS systems with different optical structures are presented. The characteristics and bottlenecks
of them are also compared. To improve the detection sensitivity and distance, the signal enhancement
methods for remote LIBS are summarized in this review. The combination of LIBS and Raman technology
used in remote sensing is introduced too. Finally, some typical application of remote LIBS such as
explosives detection, nuclear industry, deep space detection, etc. are discussed, and the development of
remote LIBS in the future is prospected.
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Fig.1 The schematic of remote LIBS system with two different optical path configurations
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Fig.2 Remote LIBS with optic fiber
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Fig.3 Optical fiber LIBS probe for reactor detection'"”
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Fig.4 Compact probe remote LIBS
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FEWEARPLE K27/ JUNJURIDE RAF5H 7 —FhIF i g A2 N 2 LIBS R 40, ] 001> 7 455 5 10 & W e #
#81F (Charge-coupled Device, CCD) [ TG AU EE T 6.5 m AL B MR iE ™ . FRATTAF 78 A BA R FF 2 5 m
e LIBS D o ef R Y 2 35 ~F ) 38 B0 2 i A7 55 88 - (RO o4 CAn &1 5 B ), i %6 8 nl DL SE 3 LIBS {5 5
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H5 S5miA#ZBZLIBSERh%XEA
Fig.5 Remote LIBS experimental device at 5 m
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K BRI 22 IR T ORI &, R 2SR LA PMT R #8300 28 1 BA (A8 HEAT 6 ARHE B R B2 O i, T i i R 3
FAK . AR A GEF GRS L LA ICCD BRI 28 19 B B ' 1% R ok % e, 76 LIBS "R A3 8 1132 1
o JCLF YA B A 5 m 15 5 15 5 b, (HUR 78 98 0 B 1 H 0 W R AR, 75 B2 R 243 38 1 Y6 41 3 4
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Table 1 Typical remote LIBS work

. Measurement
Laser parameters  Spectra collection system Spectrometer Target samples di References
istance

. . Echelle spectrometer with an )
1064 nm,430 mJ Lens coupled optical fiber Mineral melt 15m [27]
ICCD camera

) ) Echelle spectrometer with an  Dissolver baskets in
— Lens coupled optical fiber 3m [32]
ICCD camera nuclear reactor

. ) Fiber-optic spectrometer with )
1064 nm,100 mJ Lens coupled optical fiber Explosives 6.5m [28]
an CCD camera

Achromatic refractor
Czerny-Turner spectrometer .
1064 nm, 230 mJ telescope ) Stainless steel 45 m [33]
with an ICCD camera
(60 mm aperture)

Newtonian telescope Glass fiber

1064 nm,45 mlJ Fiber-optic spectrometer ) 40 m [24]
(170 mm aperture) reinforced polymer
Dual-pulse Cassegrain telescope Fiber-optic spectrometer with . i
Explosives residue 50 m [21,30]

1064 nm,335mlJ (350 mm aperture) an CCD camera

Dual-pulse Cassegrain telescope Fiber-optic spectrometer with .

o Aluminum targets 120 m [31]

1064 nm,750 mJ (400 mm aperture) an CCD camera

14 ZFELIBS{E SEEHE AR

IEFE LIBS AR Hf Bl 2 4000 B 25 0% 385 0, S A0 K b (9 8 o 25— 28 9 s ek, FLIZ R 25 R M OB R
£ A B KRR K WO ) 2% B 2R B DTN S e 7 A B A AR B R AR L R, AR RO
WA A ST AR FR 23 W B R B B 17 O AR, S S R AR A T A LIBS iR BE B o oA T iR LIBS R4t
S PR B vy 2R 0RE R T R R B RN, T X OGRS R RO E S B TR . HAT L IR LIBS &
g b RS 5 34 58 7 I A WK o LIBS # R (Dual-pulse Laser-induced Breakdown Spectroscopy, DP-
LIBS) \LIBS 5#OEHE T 96454 1 LIBS-LIF £ A

XLk i LIBS 2 A G 8 11 W & 306 & ok Bk 45 5 714, 5 5k mh LIBS (Single Pulse Laser—induced
Breakdown Spectroscopy , SP-LIBS) 4% A AH Lt , 545 21 B 5 19 55 85 OG0k, ik (5 5t s s, Br LU 4R
ok 22 B Mook B 2 W 5% AT BA A G T . DP-LIBS R 48 9 H B0 ik i JLAT 45 44 56 38 AS [) 32 B4 SR 2 Uk e
28 OB - T B8 B0 AR S b A R T 22 T ol bk b A DU R A AL e 2 8 R R RO bk ek
WG 4B 5 R, oI5 VE FIAERE S 2218, o T 25 40 AH ) 17 2R, 2 A6 G FR D 4 R 48 b i\ Y DP-LIBS B
o 20074, ARL IF & H — & UK sh g4 B2 BO6 2 72 LIBS R GE (U141 6 Fi7R ), 76 20 mAh kAT 1 HR KD AW
EBERIAL 27 BB S B A, 2009 4F, AT 3K 3% 3 G0 T 480 % A0 PR 45 R A ALK B A 28 = =
fiti i ( Cyclotrimethylenetrinitramine , RDX) , # I #5 25 35 31 25 m'™" [ 4F, 76 B 25 25 S i K2 4 FH XUk o 9%
J6ig B LIBS £ 48 78 30 m iz Ab XF — il J& B 25 ( Dinitrotoluene, DNT) | = fil§ 3£ F 4% ( Trinitrotoluene,, TNT ) %5
SEFEY AT T ARSI 2013 48, i K 27 SR FHZ UK ol LIBS £ 40 % 6 570 346 1 A9 0 2 ) gk A7 1 3 AR 4K
T, R0 BE B 3R 3 35 m'™  UE A, VE 4 H R R AT IA] 1(b ) A SH Aty =X R e I ks A G R LIBS R 46
BE A R LA G 27 615X, 78 5~20 m AL XS & 4 B4k 04T 1A A2 LIBS Ml & , # J] DP-LIBS & Ge 45 2 (10 615
55l SP-LIBS REUHI 5 T 3~104% (WA 7 Frs ) .

LIBS-LIF £ AR 0] L 45 v 5.0 28 0 4 3R A A R0T7 15, FESR AR JEUER AN 51 8 P 7, — I 0 1 119
1o BE T OB AE o 55 8 177 2R WO O IR, Dy — AR T R RO PE M 88 RO . SRR O
PO FRe S B bRR B R BB 2E A AR, AL TR BB LAY I 3 ok W OO RE B BRAE = AL, Jd i
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i REZLAY BT )R BRIE I K S BG5S T SE B R E ST R A . TR T RO 9 O 5 A
1M, TS X A8 B A e R RT3 R Y DR i, DA T 4 s R T R A I R U . 2018 4R SE R PG LR
S [ 52 S 6 2 A LIBS-LIF 7 10 m a4k xF AT 206 #EAT LR MO, #5311 = KR 325 BOLIE 15 51
SRR

@0 9
&'LI mun
1390023 B3 &

-y

B6 #£EMHE LTS Applied Photonics 2 8 &1 7 & th W ik vk LIBS £ 4
Fig.6 DP-LIBS system developed by ARL and Applied Photonics, Ltd. "

25000
— DP-LIBS
| —— SP-LIBS .
- E = g
E £ - Q
£ 15000 [ = <+ o e
X7 8 3% &
2 a s =
z 5 ') £
: - )
— 5000 [ =
390 410 430 450
Wavelength/nm
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Fig.7 Comparison of spectra produced by single and double laser pulse at 5 m

Remote distance N

1/ - Target
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Fig.8 Schematic diagram of LIBS-LIF
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B GR B TOE R 786 nm A OGRS R 632.8 nm S AMOG RS . dn 1.2 B ik, LIBS I E W
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B HEAT ORI X8 38 2ok 3 252 70 A sk o b M B OGRS R A B RE L SR T Y R i, SC I R LIBS HHi g
B W I 0 201048, PEHE A SR K 2% 59 MOROS T %548 ] 532 nm B9 Nd: YAG OGRS 58 1T —4
JH T 1 KE 3 B2 AR DU 1) LIBS—H7 2 B R 40, %35 B v] DUSC BLIE B 20 m (1) 8 Rk X W [ 28 LIBS-H7 2ok 3%
KDY, 201248, 2 E R KF M MISRA A K2 1 532 nm (9 Nd: YAG kb #OL 8 5 8 7 — & higH
TN R G, BRI R B RT3k 120 m . 2018 4R, B 3 KA SUHE M — il 3 s A S OB B R e 1 O
LIBS—H7 & I & 77 3, R 38 8 42 b 95 3000 335 55 3R GoF Wk vh O RS AR B M 3R 1T, SC B T 7 246 m A XT H AR
19 LIBS—H7 & B A G . 2020 4F , 28 6 & 3 TH23 (0 “ B 57 kOB 42 148 30 — AR AL 25 43 BT A Bl
“Supercam” 4 5 T LIBS 1 [8] 43 38 P72 56 3%, o] B0 K2 % 7 m S BB 9 oo RO 4 Ry

fHa,
2 EFELIBSE AN A

IEFE LIBS 7 by — Ff s 2 B AR B2 i 52 o PR sl 1 4l 2% 50 R e M 5 s, A oAt oo A A R PR A
A& BYRE AL, I HLBE B O R 0 3E 25 DL RO TS BRI 15 A R R R 4R T G R LIBS 9 4 0 BE s RS I
WA AR o RHORC S T IEW IR AL R B BR 25 500 Tk 6 4 Ml BT 2% oy 45 SR, O A
TiEZ R,
2.1 BIEWERN

H 0 G 0 S 7 %o R T S5 A s R AT N U B R BN AR 2 — . ARL WF5E K BB KE W 7 L RS o
SRl BT R BT T TR SR KW, G I AR R R ) R R R R O — Rk e L, &
Ji& WA 22 A PR R A R AT IR bR KR W PR AR Y YA A . RLEE 2003 4F, ARL 7E SCE = W UE TR A
LIBS $ A BRMIE B KW B9 a7 2005 4, P BEF S B K241 MORENO C L4 JF & T — & JF i it
FAGERE LIBS R 40,8 i X C, 19 Swan 1§ DL K& AU A & S8 58 B L 4 B, B T 18 DU 40 b 19 i g
RS, N TTTAE 45 m A 5280 T %k AILER KE W A AL K K 0 R T MILAE 5 1) 1 0 600075 2013 4, Al AT o %
RGN LT 31 m AL FR I T 20 B0 B R K A T ARG 3 A S5 IR BB A B 10 pg/em™ ™. 2019 4, 2 KR
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