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Quantitative Analysis of Mn in Soil Based on Laser-Induced Breakdown
Spectroscopy Optimization
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'School of Electrical Engineering and Automation, Anhui University, Hefei, Anhui 230061, China ;
2School of Advanced Manufacturing Engineering , Hefei University, Hefei, Anhui 230601, China

Abstract This paper uses laser-induced breakdown spectroscopy and support vector machine to analyze the content
of Mn in soil. Forty-four soil samples were collected in Huaibei, Anhui. The samples were divided into training set
(34 samples) and test set (10 samples) using Kennard-Stone (K-S) method. Multiple linear regression (MIR), grid
search method (GSM), genetic algorithm (GA), particle swarm optimization (PSO), and least squares method
(LS) were used to establish quantitative analysis models. The results show that the correlation coefficients R%, of
the training set of the MIR, GSM, and PSO models are only 0. 861, 0. 866, and 0. 862, respectively. The
correlation coefficients R? of the test set of corresponding models are lower than 0.9, the relative error is greater
than 8.6%, and the error is larger. The R%, of the GA model is greater than 0.93, and R? is less than 0.9. The
training time of the GA model is long, so the training time must be reduced, and the correlation of the test set must
be improved. The LS model works well with R}, 0.998 and R 0.967, and the relative error is small. The training
time is greatly shortened year-on-year, correlation is good, and generalization ability is strong. The LS model is
more suitable for the rapid detection of the Mn element in soil.

Key words laser optics; support vector machine; laser induced breakdown spectroscopy; soil

OCIS codes 140.3210; 140.3460; 140.3580

| . PR RFMEY K & R Y A TR W
= FEORE . BT R, 4 5 s 2 0 A Ak A
ML ERHYERDEOMEICE MR Y SR K B B X 7 B

WA 2019-12-11; #&E B H3: 2020-01-07; FHABH: 2020-01-19
HEWB.: HE AR FES (61505000 P E R #BE STS i H (KFJ-SW-STS-144)
" E-mail: 632790346@ qq.com

0511001-1



th i

i ot

i 1y A 8 vt R IR S R MR B A o B R, BR
/LR O S i R T DAY % NN
AU RO - 8 vh R T8 3R AT DR o A Tk 3
R i R AR . A 4 E T R £ Ok AL F B
i E RARAETT s, HURFR A 5 8 IR R IS
(ICP-AES), Jfi F 2615 (AFS) , X i 22 ot
VL (XRFS W AT 204 ko 4, s gk
R REAR UEA T F I A B HLRE B L N BB A AR
B FER A 152 22 1K, R P FEAR M 52 ST + 1
SAbT LSV el

WG 2o ORI H R (LIBS) & —Fp e o
RO = R B il T B R L BB R (Z R
QIR DAQE T R DI Vi N 1 A G e/ @ L1
Yo SR STz N T RIS A A 2L L
FOKARTE 42 J@ A A A RO ARG T 56 4% R &R0 1 X 3]
TAEGE AL 27 K J5 25, R LIBS 454 %l 70 B
R ARG 38 T 3R B T AR R R i U Y B 5
Pl

SCHFI L (SVMD & — R 3 T 48 1 2% > #ie
(AL A% 27 20 J5 3 R ] I 5 R Ak it A7 B 25 L OF
N JEEAR 235 [a] v e LA Ak L 1Y) ) A e S35 381 v 4 2 ), -
SR IE] B de R AR Y T3 38 e O Ze M P T, ok e
SFHUELT SVM E TSR Z Wb € TR
(10 5 et B T+ R R A AL 2 . AR E AR
BT LIBS 430 3R 1 3 4% 50k (GAD Fil i 5 /) — 3¢
2 (PLS) R i Al, L+ 3 rp Mn ot R 9], 4%
R PLS AT/, KREWFFE R, W] i i
N7 SVM B 4 3 b 5T 2 AT R I A R A
i — 1 SVM 250 000716 8w I S48 i
B A% 48 2 $:-SVM (GSM-SVM) | i f& B 1:-SVM
(GA-SVM) B F B i 4b-SVM (PSO-SVM) Fll iz /)
e iE-SVM(LS-SVM) , A& 435l 5% I £ e 4 pE [l
ISFILA L 4 Fh G005 3500 13 Mn D& & it 7
TE AT
2 5 [
2.1 ELWBERE

T3 LIBS SGilk 400 S0 s 4 = an &1 1 fros . B
FHEE AL AT S AOCTER T Q FF & Nd: YAG
ik i % %% (ICE450, BigSky, 1064 nm., 6 ns,
1 Hz), 3 ik of B8 & S8 100 m]; O £F 6 3% 1Y
(AvaSpec-ULS2048-USB2, Avantes, fif 22) , It 4%
A 25 DU GE L 43 RN 0.1 nm, B 35 KN 190~
510 nm Al 690~890 nm; ¥E i & ; WOE R AR E ;&

AR E SRR B AR A B RS WOk
REXKE FELFERMER (HR 2.54 cm, £
4.5 cm) MR B8 Fr BF i 6 60 4 i€ % L DL A 2R
£ G AR e B AL S B BT (FEHE 3.5 em) MG EF,
BARA R g IR NL. B ROG A E R Q
SR U KT T 1 I e R OGO R TERE A R
AT+ 30 3 5 5 A R g 45 ] A8 3R B[] (1,28 ps) AR
Sy EFIE] (1,05 ms, M 3% A 5 /AN B4 B[] PO g
B TR R MR IEOGIE R 5 20 IR k3% B
WEAHEAT 23 A I L JE F R 6 R v AL
Plasus Specline 4 F1| FI ¥ 18 2% 22 7Y 1) %6 J56 R £50%T
JEREHEAT LA S R AR I A R AR
FERE SRR A L B HLEE S & b s IE P i
HLHL K 20 AN 306 ik o A Dy — Wil &, OF 3547 10
WHE M &, KR E T ZRMEA b X 1 44 Fh 1
R SR R L 100 H 40, B 3 g, AT
BN 25 mm BIREEFE 8 MPa JE i T K B i JE
il R KLY 2 mm WY BBE, PR a8 0 R 2 F0RE
i PN R B A3 AN 35 2 T B0 A A R 25 K, ik
B AE N T 8R,
2.2 TEFHFMEIELEN

T IR R R A A, KRR TR &
SPIE LR B A BT PR d o B L AEEE R Mn ST R
TIE 15 £ B I S AT R K 36 3% 4 A R 0 A L R A R B4
MR A R R REAE TR LR, B 2 S 1 5 R AR AT
257~408 nm P Bt 1Y EOGIE TR W R
Mn SR £ 5 Fe LR LLUAAY S & B AAE, 8O
K Fe tRIELFm. RIEXEEZRESHEA
WEFEBE G 28 B - Min JT 2 R AIE 335 2 v 5 5 A Y ik
KA 222.1,257.6,279. 4, 280. 1, 403. 1, 403. 3,
403.4 nm%: , /& 2 th 257.6,403.1,403.3 nm &b A3
SRS AT T R R AR TS L AT L ORE R = R E R
Mn JC F $¢ AF 1% & #4720 B, JF 3£ B Fe ST R W
404.6 nmFl 407.6 nm FEAE TS LR A S AH OC R AE 1% 2k
HEAT 43 BT . Mn JC R e B R Y WO 35 2
(AAS) TS, {#i ] Kennard-Stone(K-S) ¥ 44 Fh £
SEREA 43 Ry W IR AR 34 A4, ML 4R 10 4>, +
Herp Mn ST R BN G B ik 1 PR
23 EERBE

XoJ Ak T Jay BB FAC i HLAS 2% 1 W MR, Y R
ABETH LIBS S E T &R N

A8y
U.(T)

I, =FC, CXP(_Ek/knT>a (D

4

0511001-2



H # ot

laser head

) laser beam
INITor control
fibre-optics probe
laser
]
rotating computer
spectrometer CCD
argon gas cylinder
stepper motor
K1 LIBS &&xs A
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Table 1 Actual mass fraction of Mn element
Actual Actual Actual Actual
Training set ) Training set ) Training set ) Test set )
mass fraction / mass fraction / mass fraction / mass fraction /
number number number number
(107 %) (107 %) (107 %) 10" %)
1 1134.6 13 1157.5 25 1229.2 1 533.4
2 432.3 14 622.3 26 788.8 2 540.6
3 468.9 15 1220.5 27 769.2 3 581.1
4 997.8 16 1036.9 28 1333.1 4 613.6
5 905.8 17 498.8 29 728.2 5 622.2
6 650.6 18 510.9 30 523.6 6 666.4
7 1184.7 19 906.9 31 619.5 7 717.9
8 1470.3 20 499.0 32 633.1 8 751.4
9 744.2 21 643.9 33 789.0 9 1025.0
10 703.5 22 973.0 34 827.5 10 1258.7
11 715.9 23 730.5
12 631.1 24 888.1
15000 TR EE s A RIS R W BRI WE 225 g [ HEY
e Fe: 404.6 nm BB U (T MRS ITER s BBLST B E R ER
%10000. ﬁiﬂgéﬁEgiﬁgﬁﬁgﬁ.§kﬂﬁﬁ%ﬁ%%§y§T j‘:"‘{ﬂ%‘l
0
g [ R R N B 2O B T N A Y G
=
2 I F- R AWNEPE: W
5 5000 Mn: 403.3 nm
Fe: 400.5 nm C,=Aly,. (3
FR A (3) 2 A) 3 58 A b R D T &R AR
0t . . ; - : {32 300 H A S0 0 A R S e, AT S 6 v AR XE A
257 258 402 405 408 < N g
Wavelength /nm )nJJ C, i Iklﬂgﬁgﬂ%‘%ﬁjﬂ
. . . _ Th
2 1B R Mn e 26 C.=alis £
Fig. 2 Mn element spectrum of No.1 soil sample K a HEHIREGR S H W ER B BUE YT R
U (T 0~1, YT KE, B R =S58 1k & 4
= : 2 AR E WSS TR AR IS, Y58 T

 FA..gwexp(— E/kpyT)’
bk N BRI I R R BESE F ol 5Ok
B B ROCRAT O, K TE O 7R ] YR 5 0 ) 5 v £
FEANAZ 0 5230 25005 C O R AE 1% 260 N7 1Y) Jt - B0

AR AL ) A - i L A A R T A JERE B R A
MG S h A 1092 4 T=110 .15

CX:{Eiéuaiklibs(li’I)}_’_b’ (3)

0511001-3



th i

i ot

Krfoo BHEFFm A0, AP H RS sk, (1,
D) R eR B0 R B, T8 3k o0 R W RS 2R
Z O & L) KA () K15 2O T 28 6%
HERE AR A ]
— I IT—1 ]
2g° ’

ki (1o 1) =cll; + (1C)exp(
(6)

e WETIREGe WESEL WA REHR MW
Ty L BT H R REL 11, J5 E AR T R
B (RBF), SVM % ek $H HI K fif o B8 14 A 4 1k
e S5 [ L, A e 1) 52 56 R 8K HlE %6 B, RBF A B
{405 R TS R R R R A A% oR AT ISR
SVM s S H0) 4 AR KRR B ok & AR, B
B RERY RBE S A pR 50, BT LLAE 3800 R 8 it 4y
BT A o 32 B2 X R 5T R B ¢ M S5 g AT
k.
% e AR BN B mﬁﬁ%ﬁidﬁ%iéﬁ}ﬁ
FE 25 WAV a2 v A 1, R G SR H 2 00 BEORIE 1 B
17 28 1 530 BEAR AR R0 L 32 ﬁ/ﬁfﬁ P zm:zm
IEIB(MIR)%F’I S A AR E LRI
HAEERNY. HERN X, X, X, . X, W Z5E
ek AR R A] 2R R
Y=a,+a, X, ++a,X, +e, 7
Horfree MREHLRZE, A E(e) =0, &3 p K
ML R Y BEAR (Yu, Xurs Xuos Xuss oo

Y,=a;+a 1 Xy + - +a,Xu

X ) VU 2 0 48580

dessd =1,2,,p,
(8)

T 90 72 25 5 9 2 6.2 I 017y

C[*aodJFZa,dQ +eus D)

K :Co AR {mlm%%smg:, MR d 5 Q, N T HE HL
(R IC R AR TS LR TR B NN nsa, . 202tk Wl
17 B R e, IR IEZR 7340 B BENL IR 2
+HErh Mn TR £ 5 Fe i XL A S
e, % B Mn 1:257.6 nm,403.1 nm.403.3 nm
FeI. 404.6 nm.407.6 nm $5£9R E N H 25 &, iR 5
(O HE ST Zon M AR AL, R ] (10) A 3H5E Mn
TCR MR
Cun =ao ta1Qu +a:Qrco

3 Emaird

31 ZakEEAF

MR (100 30, R 44 b AL S g sr + 5 p
Mn JCE 2 o4 FIE AL AL, 18] 3 2 13 Mn JT
FR IR A R X B ) 2 M ] U A Y B Ak A5 R Min
ﬁ?—%iﬁﬁwﬁ,%ﬁéﬁ%ﬁﬁ?ﬂmrﬁﬁo PNGEEIES

U GREE AR 5 R B 0,861, K 4 40 56 REUCH
0.841, FHCHEAR TR, FE BT, IAAS B XF 13 rf Mn
TG 3R PR I B A D 1) R

(10)

1500

= (@)
S R?*=0.861
‘g =
=] . n
1]
T 1000 L] L] e n
EE iy
S .
E -
5 >
M [T]
= o
500 f ~ula
500 1000 1500
Mass fraction of Mn /(10 %)
Kl 3 #)E Fe LEF

S I Mn JGR 12 R,

<

= b

) ®) R?=0.841

<1000 . .
g

g

&

% 800f .

£

E . o

£ .

=]

£ 600f = :

="

A . : : :
=3 600 800 1000 1500

Mass fraction of Mn /(10 %)

) YN ZR4E 5 (b) MR 4

Fig. 3 Quantitative models of Mn element considering the influence of Fe element. (a) Training set; (b) test set
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Table 2 Results of GSM-SVM optimization method

) Average
Parameter t /s R, R*
R./%
Result 1.8313 0.866 0.897 8.7
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Table 3 Results of GA-SVM optimization method
Average
Parameter t /s R%, R}
R./%
Result 3.8475 0.939 0.894 7.7
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Table 4 Results of PSO-SVM optimization method

) Average
Parameter t/s R, R?
R./%
Result 3.5037 0.862 0.895 8.8
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Fig. 6 Renderings of PSO-SVM method. (a) Training set; (b) test set
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Table 5 Results of LS-SVM optimization method
X ) Average
Parameter t/s R, R?
R./%
Result 0.0182 0.998 0.967 5.4
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Table 6 Relative error of mass fraction of Mn element test set
No. 1 2 3 4 5 6 7 8 9 10 Average
Actual /
533.6 540.6 518.1 613.6 622.2 666.2 718.0 751.4 1025.0  1258.7 724.7
10 "%
MIR 583.7 564.1 671.4 598.0 812.5 656.9 655.5 803.7 1043.6 1323.9 771.3
. GSM 575.5 568.6 685.0 604.6 828.5 661.0 658.6 800.7 1037.1 1316.3 773.6
Predicted /
(10~ %) GA 529.1 516.8 592.2 590.9 715.8 601.7 529.9 699.0 1088.9 1232.3 709.7
-
! PSO 580.4 572.9 687.8 606.9 830.2 664.7 662.1 802.9 1033.2  1311.9 775.3
LS 616.6 587.0 556.7 625.3 652.6 686.6 702.7 703.4 1060.6  1316.8 750.8
MIR 9.4 4.3 15.5 2.5 30.6 1.4 8.7 7.0 1.8 5.2 8.6
GSM 7.9 5.2 17.9 1.5 33.2 0.8 8.3 6.6 1.2 4.6 8.7
R./% GA 0.8 4.4 1.9 3.7 15.0 9.7 26.2 7.0 6.2 2.1 7.7
PSO 8.8 6.0 18.4 1.1 33.4 0.2 7.8 6.9 0.8 4.2 8.8
LS 15.6 8.6 4.2 1.9 4.9 3.1 2.1 6.4 3.5 3.3 5.4
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