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Abstract: The infrared spectrum of mixed gas got in the battlefield and complex environment results in
overlapping and stagger of the primary and secondary peaks, so its feature extraction of qualitative
recognition is particularly important. The infrared spectral data collected from a variety of chemical
warfare agents and organic gases are high-dimensional data. Centralizing before reducing dimension was
used for feature extraction to capture the essence of more information it contained. Since the infrared
spectrum of the mixed gas was non-linear and non-Gaussian signal, this method regarded non-Gaussian

as independence measure to separate each component as independent component. In order to meet real-

Y75 B #:2015-08-05; 1&iT B #1.2015-09-03

BEEW B . BHE HARRA ISR AU FE R 5T L 3K (61127015) ; H R [ brAk% S 1F € W (2012DFA10680 , 2013DFR10150) ;
L1 PG 2 75 4 BB A 9T 3 42 (2013021028-1)

YE& B Iv  PRIE % (1980-), Lo, B B4, AR 0 101 EEN GRS S A0 #EH R R ARSI I 1T 1 B 5T

Email:chenyy @nuc.edu.cn

0423001-1



sih ok A2

% 4 2

www.irla.cn

% 45 %

time requirements, its iterative process was optimized based on the traditional fast independent component

analysis (FastICA) algorithm and extreme learning machine (ELM) model was applied to quantitative

analysis. Experiment results show that the iterations of optimized method reduces compared with the

traditional method and mean square error of quantitative analysis is E=2.392 6 x10 ™ and regression

coefficient is R=0.999. And the optimized method improves the isolated efficiency of separating pure

substances spectra from mixture substances without affecting the separate accuracy.

Key words: aliasing peak identification;

0 5] §

LLAMSETE A A S — RO B BOR 5 A it
AE AL G RS BOR L s B e
TCRRLI B o AR TN 5 T 52 AR LR 0 BT 2
JLE T 1 22O ZEAM T ST A AR o
RIS W) BT R A 1, I ZEA 636 T LLHIR
X L B AT PR T (4 A i o SO R IR 1) S R B
MG TR AT M B A B, 3R A
M AZAL R 2R,/ TR PP R Y
o GRI2E, f0 R Z BREAEAFRATTAR 2 A
ZLANETE A28 RO T G5 T LR 28 M 2 U — L
A BRI 3 ) B TR A R 28R o3 A AL A
I3 T ES LR A R AL AR BRI ZLA GRS th T AR
T 10 e R 0 A I 4 1 0 Y U1 i DA SR A
R PRI T B4 R A 2R IR S IR R U
SERIRMANLIREYIR R, ety ke s
KA B SR O R AR T 2 M i g b T 1%
WA F 0553 5T (PCA) , SEBRAE 5 i K 43 8 2
HREEA S R B SRk R T PCA T A A
D7 25 M 2 5 S PRt BN I By AR 9 By
GETHRRIE A S i AR R R R

T SZ RSy 23 BT (ICA) J2 15 5 Ak PR A 20 1iE
22 90 AR W1 & SRR R /Y — TR TF 5 m i ge it
Pk M 75 i  ICA Tk B e RS L, A=)
S ERCR S NN R Ry (S LN YIS PN AN
AT AR R T BB, T AALIE R £
WeE AN B, AR 2 B0 BT A TOIE EAR I
LGRS Rl 2 AL & YLD i) P A
ICA ] LLAAR @015 5 v 4R 2 — Nl 2 4 il e i
M S7 ol R T RE L A AR e bE Rk, R R T
FRIESR ORS00 8, AR E - F T A 5t C 28

infrared spectrum;

non-Gaussian; FastICA

ICA 45506155 T IRA 6k vh 73 & 57 41 73 19
Jeils, BT LLAMETE IR I B AE B IR T [ E )
RPN SR T AR Y 1 B R (E
BN — R IR SRR 238 M S 2 7 (155
A N5, B SR T AR s ST AR
F L ICA S MR A5 903 v o0 i S 28 B 20410
W, XM IE R TR A B Z I SE TR
Rk fRe /N, 58 T IRAE 5 A A AL R ICA TR
BBV BEAT AT B T — Tt i g
ARG B ORI RS, R Si T E ')
P s

ICA 19 52 B L AR 3l F A ok 800 AN ) A5 e KAl
T A R RLAR A e R RN AR R AR
FastICA J2 LA G4 A5 S 5 8 Al i 4 1 416 s 119 — 7of [
TE S IEARGE BT TR A AT S DR RE T
JE— i RE X R HR SRAE AT A0 B A PR SR 7 3C
R FastICA 5392 58 h 35 YO Wi e TR 38 R 2141
PERRESRI, JFXHME SR FastICA FikEAT I AR I
b, Zeid SH 0 Uk i e A 5k A PRI S0 A T 1 i
fe M-I B Y fE

1 ICA &%

1.1 EF ICA BT 5MEEY
ICA 1R~ A5 AL AT LA A7 B0 ME 45 o 22 5 W 4
X=(x1,%, -+, X, JEZ MEIR S ZIRAHIE A A EmiAk .
X=AS= Y, as, (1)

i=1

A S=(s1,80, -+, 50" ARG TS n ZE
W7 s A R mxn IRGHEFE  FIRFERF 5 IR
B b R, AT ICA PN 27
T PG A 3 (b e 8O A5 . BRAE AT 55
e AE S5 A B RMBIZRAET SR B il IR R

0423001-2



oMk TR

% 4 2

www.irla.cn

% 45 %

B ffi15 X i B 5 PR S R hEE Y,
Y=BX=(y1, Y2, ,¥) = (81,8, ,5)" (2)
FRAE AR P2k 3, 8 O TR HNR SR R
AT 0 21 AP R — S Al ) i (322 AT ) VB IE )
LRVEA S AR R TCA Bep i Wb T 204061
B R T AR X, R A LA IO E S 5
DTk B SR AR AN
X=AS (3)
KA Xr N m AREELAE 0 AP AL B ZL A 1S5
TR0 B 5 S R 0 ST 53 FE B | TEFRAR Y 20 i IR
A2 T2 ) BT 0 G B L 5 A MRS FE R &
Hai ) BAEIR A i b W AR I C Z MAAAE—
M PREOC R VG HE M X, 2SS TS S, 15—
FAE Y T — RGeS Lo G E B, fEIRAHE
B A THRT DA IR ST 1853 A8 TR A5 D' 15 v i A X
WA B A IR — 50 0] LU I Ry 2 B — 2l ST
53(IC) SGIBTEIR GO v (AU K/ AR 1% 1C X
A RAERE S ZLAMG T 1 sk
1.2 EF SR KK FastICA & RE %
R B IRHIS , 75T A 457 2 RS B rh
e T A AL S i EAA SR R AR AEL, BRI AT DA >k
43 B A5 R AR W H R B E R L
FEAF MRSy B R, Tl I ) g At AR A A e B v
JE B R RN o B A R A B AR B s M AR
BB iR B R, e B 2 58 O &0 ST 43 1 1Y) 43
B A EAA ARy 22 i BEAILAS v 0 A1 Y B
MUAS & B e KA 78 , FastICA B8y i fe KAk
T3 3 WW=B"HY H bR ek £ ] L
Ne(W)={E[GW'X)]=E[G(Ygus:)]*} (4)
KA E[- 1V RHBEZBE ;G- 1AL R B, XA
1) e R e Ak oK o B B W, 53 5 i B A T HE
Foy=wX (y R H A PSSR w R o B
W —4T7 X IR A5 5 50 M) i s AL No(W) ik
K, H E{(wx)?}=1, H & Kuhn—Tucker 5% {41,
E{XG(w"x)} IR AR RETEW 2 T iy B3RS .
F(W)={E[XG(W"x)]}+yW=0 (5)
Ao ow WAUE ] &y g, AR A SR
7 R, IS FOAOHE v LR R
JE(W)=E{XX"g'(WX)}~vI (6)
B T8 gk Ak, E{x"x ) =1, fE v LU AR i T
X AR B H A B AR AR A R

w=w—[E{XG(W'X)}=w]/[E{G' (W X)}-y] (7)
H—1k
w=w*/llw*ll (8)
FRKE 46 )5 15 5] FastICA 355 i 1E A0
w(k+D=E{XGW'())X)}-E{G' (W' (k)X)}w(k) (9)
H—4k
w(k+1)=w(k+1)/Ilw(k+1)Il (10)
FastICA Bk Hd T .
(1) % k=0, ¥ AL AUE 7] 32 w(0);
(2) k=k+1, A () EFAUE w;
(3) H—4k wk+D)=w(k+D)/llw(k+1)ll;
(4) WRIwk+1)-wk)>e, TAUWEL, §51(2);
(5) BBILSL, SKI— AN S , yi=s=wX

(6) F24 B 28I B ST FRAY , W= wea— 2w,

Ww; , Wia=wial \/ w; Wi o
1.3 {E4LH FastICA ER &%

PESEBR R AT RE R Ry 1 IR 6 S5 A6 0 )
WK, T BEAEANTEE J0 B CR PR A B 4[] I 9
D IEARUEL, PR R A B, 7R AL X
FastICA SE AU REFEATO0AL . O 1 7R AR ik AR SR i
b R e D SROFE AT O B R B, — FBORE A 1 2 AR
R X T A 3% AR R (R HE B LU B AR U T (wy)
(EEIIUPER AW/AS= v/ (1

Win=wi—F (w)!J(wy) (11)

XF AR AT Bk, (B © 2R w(k), W

wk+1) AT T AR AR

(0)
Wie1 =Wk

w:)zwj{iil)—F(wj{iil))/l(wlm) ,i=1,2, -+ m (12)

(0)
Wk+l:Wk

ZA W R m+1, B m PGB LR 2R — Ik
J(w)  ZACA T A AN G NFE AT L AR B OB 1 B0
T, KRR B WSt AR, DA 2 B
i PR Y m=2 i, A EA2) TR

Wir=wWi—(FW)+F(w—F(w,—F(w)/J(w))))) (13)

AL FastICA SIEAGA T

(1) WIRALAUE R 5 wo;

(2) AR A2) EHAUE wia;

(3) H—1t wi=wia/ Wl ;

(4) R Iw—wi>e, FEAWEL, WERFPIR2);

0423001-3



sih ok A2

X g www.irla.cn % 45 %

(5) BEPRUSL, 3R — AN ST AN, yi=si=wX; Y RS 7F 35 5 B W P R O I 0 F 1915 FastICA 453
oo T B AF B IO T 9 BL A R

(6) KT AAMIIYISL LY , WemWea— D W,
WiWj, Wi =Wk+1/ m o
2 KIS

2.1 BERXRIEHNSE

SEBRAF O AR AR B AR IR B AR R & 3O
T, HoH A0 55 R TL AR A 22 vk 7 SO A MR IR
53, ERER N U ARBEH DMMP Flf 2 T 45
B —FIOE R T2 A 78 X 52, S0 SR P B e
il DMMP 25, ¥ #% iNA DMMP R & T H
SRR, U I T AR AR AN, AT LA LA Sk RS
N DMMP 287540 T AR, f#F15E Bruker 2
A VERTEX70 RIZ1 AL, EGOLD-A A 2
RO SR K 20 m, A5 FH 500 mi, 525 R EE
206 K, <K 101 325 Pa, AN[AHJE RS IR TEA R
P, SRAE BIAE S 10 5 3 Ok 400 %, oot
T 9 B o KA ) 8~14 wm(1 300~700 cm™), 43 1%
Ndacm™, FTIGEEEFEWE 1 PR,

3 1.0 3 1.0,

= =

8 3

é 0.5 g 0.5}

w w

g @ & ®)

= 0 L ! n} 0 L L

= 800 1000 1200 a 800 1000 1200
Wavenumber/cm™ Wavenumber/cm™

3 1.0 3 1.0,

= =

PTTY Y BT

2ot 205l

w w

8 © £ @)

= 0 L L ! n} 0 L L L

= 800 1000 1200 a 800 1000 1200
Wavenumber/cm™ Wavenumber/cm™

3 1.0 3 1.0

= =

3 S

Zost 2ol

g g

E oL o E oL 0

800 1000 1200 800 1000 1200

Wavenumber/cm™ Wavenumber/cm™

B 2 BiFp R4 B H Y DMMP FJ 2 T 45 03 &l
Fig.2 Isolated DMMP and anti—2—butene spectra of two algorithms
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Fig.1 Block diagram of experiment device
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