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Design and fabrication of stand-off laser-induced breakdown spectroscopy
(LIBS) set-up for remote detection of materials

Saeed Abdee, Seyed Hassan Tavassoli
Laser & Plasma Research Institute, Shahid Beheshti University, Tehran

Abstract- In this study the design and fabrication of stand-off laser-induced breakdown spectroscopy (LIBS) system in open-
path configuration is discussed. The transmitter and the receiver systems in experimental setup are in non-collinear form and
so, all optical aberrations are tried to be optimized as much as possible. Laser pulse is focused on the target by an adjustable
Keplerian telescope and plasma light of the target is collected by a Newtonian telescope. Laser pulses with temporal length of
10 ns and energies of 80 to 180 mJ are applied for elemental analysis of materials from 20 to 35m distances. The acquired
spectra of different samples by our designed system have acceptable signal to noise ratios and show the performance of this
system for remote detection of materials.

Keywords: Keplerian telescope, Laser induced breakdown spectroscopy, Newtonian telescope, Remote detection.

VWYY

Al g s B WWW.0pSLIT Colu jo oS Cewl Lol gl g0y dlis oyl


http://www.opsi.ir/article-1-542-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

SOl o (500 00 Wiz galsld 5! Fosleo O 3 S

el e )3 9250 L pl el sl 1) (Sl Ly, ST
S Srye ) pSee oalie @) U (V) Ly, b slkae
S$9) SIS @Sl g (9 oSl (Sl jgome sl
@ Sge Gl o anS ahd ]y Saes Lawdly fSas o
glalixdle LB o b b all ulo wgs,S oall 5>

1 0 celie b oyl ol oty o alS

o 4 Ucs,S ol o)
o« h'r3cos b lagS ool ")
X /272 c0S 02 MeslaSinad Lol ™
o« h'?r? (1 ae slisel ool 9]
« h'"*rcos @ Nzl ol ®

Galolb 1 Sl jomme 5l paai gl I h' (Yolee ol yo
(e & 5 955 e B 4Tl (pis 3550 5l el
oSl 53 (Kl e Szl 3,55 e (5, Loy
FSET jeme 59, (255 B L 8 peal 0K 8
2l 65,5 @l 52 4 g0l Jhoh' (l by ad salys

il winlys el Jgd 5 as b la_al |

98§ So bl 0 a8 )5 5 g 0,5 S8 sl
w55l 1, 50 ypme E¥olas 51 il o TEMgq o b
2 25 IS8 @ b ledl 51 seae 5l e 957 5h8 oyl Sy

el REYPES

M

. *)
W,

wy =

3o G5 s &Sl lp aS e Gl () gdolee
FSon wb adsl gy kb el 1SaeS gldl 5l e
SAYL DAl A 53 g iSe S S mhaw Gly B all

ol eal s |,

S ilwanls -Y

ol eai B 65hS oSl Slagsiluand 5 (b

ARRPA

g S olRzdls AYAY oleso YO LYY

doddo —)

Gl b ] oolital & 2l 3 el s
a8l 5 S lge glgil lolids 5 5 IUT (sl 6550 (i
o3 il g 3 il oo ol V]
5 7S e 5T aisad iluoslel @y 5l pas Jdo &
S0 ey e g oole 3 aw o 4 RJUT Kl g &
crb slo by, ple o 9ed )08 Sl ot 5l (S
4 6,5bd cnl ) solatl onl poogdle V] sl o min
5 @beo 5o L)l g anhe Jles ST S 05590 IS
S b [¥] sl anlys Caws 4y SlusST slbas )8
S b Sl BYs 4 )5 e (6l &S Sl
5 2lobed Gl g (nl 5l Glge b arilas sg2s
i sloo )5 Ko 5l oged colaiul glS
robes @lolid 4 Glgie 5900l 5l 5,5 LWl CSling
L oboord 009l slakae [f] Slad clilaxst o
sloygSl, g sleale Jyus ol eSlel,
Shile sadg glio o 3Ll Glie ST 508 (slaten
BT 5 e (plelid g ¢ ol Lol gatis sas

[2] 5,5 o sl olgne Sliwls

Sl Sy 8 (mial plonir Sy addlle (5o
st ey Cewl oals aiSlu 5 (>ib 590 ol 5l (55
Sl Ghgy onl s lauze i b ooad (o
Ll ol o 09 a3l T 550 50,90 olgh 5o (6,515
aid pdy pll Hlais jee (Sl Oladad Cole g (g lwand
L oolge ye0 ol 51 ololids )0 piwgw (pl bl ol
el 53,3 18 0,90 5 alBe (sladigad ool

o3l (598 ¥

el s Sl g (L s ol ol Al
Jdol Gl ils S99 590 ol 5l 65 @l sl 8
ot B sln jaran 2 plenn S5l D9z &5 S
s (52l g ga oolitl Gl (syslae> 9 49 $in
alS | T camli olis b sl a5 2ol salys il
S0 55 09 095 SPU p9d Ml )5 ange g 0ol
Lewdly sl gy st b oS il e SVsb (galolé
Sz ghe S el ) ga oad Bae mhe o)
Sl b pleadly 58 Sxslanr 2l (Ml 05 55 ee


http://www.opsi.ir/article-1-542-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

108, 80

RMS Radius = 10 ym RMS Radius = 18.305 ym

Geometric Radius = 10 ym

Field 1: 0 Deg Field 2 : 5 Deg

FoSnds s fawgs ool 6)5] 2oz slowdly o &SI (gojlusl Y S

29 OB B Gedzmed g g g 1S slp p3Y Dad ol

S plovuz ¥

S5 S5 5o Sl 5w ond 8,8 5 oo
LS‘)J. Sro YO o J..obﬁ g Qﬁ‘ Lol onls ools
oolazwl 5,50 5 .a;)lﬁ&uj—loqulm&bdjw
9 Jsjskee YA+ 55l iSlas b U NDIYAG )5 S
S ol ot b able i)+ Gl ey Jsb
Yoo s VAV S5 Jolgd b (pwasso b (5 LS oSds
b (S oSl SG 5 )98 0aiS ez ol ooy Sl

il oo gl Ve e 4 gage anT S

-0

4 poeieasl] aST Al poriagll ond cons (slaaisas
LgLQJ;i.w B aS Mb‘f O™ 9 UJBT ‘m.mlfe MM o|).o.b

I i e ) w0l
] 0
—
—
—
o -
A _—
///‘// [
—
&b,
\g . [y
o3 55l

09 8l,0 g o)l Gl yemaed b (228 Glosez ¥ S0

Sy Sy o85S ATAY olegs YO LYY

_OBT: ©.0000. 0.0000 DEG _
EX

TRANSVERSE RAY FAN PLOT

Geometric Radius = 39.929 um

ARRR

SAT _OCT 18 2014
MAXIMUM SCALE: + 20.000 pm,
@.486 @.656

REAL NEWTONIAN TELESCOPE WITH COUPLING IOUT LENS, WX
17

SURFRCE: IMAGE CONFIGURATION 17 OF

sy zemax 13l a5 lawg a5 Y 5 X liwl, )0 piaa 2ll ) SS
ey, SeeV e iSTas oaliol bl oald dlore 0w 8 pis

Aor 9 Ledly 9 GoaS rex (Ho oSl 5 5
15,5 olool Zemax Jjile s Lot laey] (sla ol 0,5
99 (0w B s Hd A8, 16 Sl i o cl
SYEV S5 sloaloli ban 8 55,5 sl ol b (pwas
5555 o5 b b wiad ool 25 5 o eke T
) ol i (o s 933 w55 o8l ol
0 s Gl gazg LB ol 1) Bae w9,
Sl e 3l o Ty e laonll foges VS
FogSen Vo B (cwie jo2e 93 8 (6l 45 395 o oualive

el aidly alS

FS>eS S5 CJa.w S ol l.mb.alﬁl Oliee LualS
057 e Jelge jeam p0 Azl 0 g Ssd e e

1eeaa.an

RMS Radius = 160472 ym RMS Radius = 1773.59 ym

Geometric Radius = 2452.88 ym Geometric Radius = 4008.94 um

Field 1: 0 Deg Field 1:5Deg

S350 b 56y SLagn Sl Bu 55y 55 95 p &S goplsl Y S8

Bgad 4y 53 51 6 HYL Sald (0l g Hauwdl o SasTy,
5 25 9 &S Sk VSS9 VS )0 0l walys ool
Slp a5 sl oad ools lis 50 Ve alold jo Lawsdly o8


http://www.opsi.ir/article-1-542-en.html

[ Downloaded from www.opsi.ir on 2025-12-20 ]

5 ol oads ools las Ll 5l Jol> b A 5 Y & 0
JiKs lylo (L boglas 595 o sdnlive 45 jghilen
datin bolad | plgs (ot g aies culio 35 4,

5,5 oolatl Slubs ol Ll

0SS 55 pseiensll saised S9) mendS 5 s Olies
Lol bl s @iges 55y oLl 51 bl 5 005 Sl jla
lolid | LT (g5 s 098 50 oalie a5 jshailon
aals> )36 5 db iz 5l Gy ol egdle Cul 05903
S5l oole 93 il g e0gei LS 1) 4Y Gl oe

Sled

&=l

[ A. Cousin, S. Maurice, O. Forni, O. Gasnault, J. Dalmau, M. Saccoccio, R.
Wiens, E. Spatiale, and C. National, “Laser Induced Breakdown
Spectroscopy ( LIBS ) Library under Martian Conditions,” no. 2005, p.

2011,2011.
[2] H. L. Xu, J. Bernhardt, P. Mathieu, G. Roy, and S. L. Chin,
“Under ling the ad of remote fe 1 laser-induced

breakdown spectroscopy of metallic targets,” J. Appl. Phys., vol. 101, no. 3,
p. 033124, 2007.

[3] H. L. Xu, W. Liu, and S. L. Chin, “Remote time-resolved filament-induced
breakdown spectroscopy of biological materials.,” Opt. Lett., vol. 31, no.
10, pp. 1540-2, May 2006.

[4] J.-B. Sirven, B. Sall¢, P. Mauchien, J.-L. Lacour, S. Maurice, and G.
Manheés, “Feasibility study of rock identification at the surface of Mars by
remote laser-induced breakdown spectroscopy and three chemometric
methods,” J. Anal. At. Spectrom., vol. 22, no. 12, p. 1471, 2007.

[5] S. Palanco and J. Laserna, “Remote sensing instrument for solid samples
based on open-path atomic emission spectrometry,” Rev. Sci. Instrum., vol.
75, no. 6, p. 2068, 2004.

[6] R. Gronlund, M. Lundqvist, and S. Svanberg, “Remote imaging laser-
induced breakdown spectroscopy and remote cultural,” vol. 30, no. 21, pp.
2882-2884, 2005.

7] Pedrotti, Frank L. and Pedrotti, Leno S., Introduction to Optics, Prentice-
Hall, 1987

g S olRzdls AYAY oleso YO LYY

4 A1396.14
- Al 394.4>
. SNR(AI 396.15 nm)=33.74
z ca
:[l)s.ll a00.27 [ | gt 233':
= ALO: o
| 2N
AN AL UL ey

Y

counTs

20864

Al 394.4 ¢
s

e wm W o
wavelength(um)

Ol S el jen 4 psiagll (gaiges cinb b IS

¢ Al 396.15

SNR(AI 396.15 nm)=42.21

Al
308.21 AlLO3

309.27 o

™)

w0000
wavelength (nm)

paieosll (Saisas b # JS5

¢a Fe 438.3

SNR(Fe 438.3 nm)=20.46
lea Fe 520.5

Fe 427.1 >

<Q

Fe

T

e Y T

wavelength (nm)

o Vb (el s N S

SNR(Cu 521.58 nm)=38.53

Cu521.58 o

Cu 515.32

Cu510.5 B

JJLJ AJJL 1 ‘|x_k L

VY.

i

e SigaS ik A S

adon wion
wavelength (nm)



http://www.opsi.ir/article-1-542-en.html
http://www.tcpdf.org

