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FIBEFIHERT ZMA%. HBIFEDT, MATHEN
e TR S, 2014 4, Vassilis H§ AT
Y M4 B L R T B M B 414063, BT X R
W GRN0Y, IS T RIFAMAIBER. T HEARIR
Bl R AR BIR, 456 PCARKLE
ATHEMEANNIEE, FRIWET ERSHIT-RER
(64 A T2 R4 53R 51 % (PCA-BPANND LA & F 4L
AAHHEE AN T2 MEE % (PCA-PANN) , i3 X &K E
L HMEERBEFIE T, A B BB B G B 2
HFEAM EER R, T RAMmEITER.

1 o

1.1 ERSH

ELREREFTHERT —MERE G . LR ARE
AR ME R ERIGE. WE 1, REEEHME
AR AMEIEL, MR BRESE, BERE,
SR, SESE, HEIUREENKEREAR. £ZK
RET &R T —MREERSE, HmARREURBEE
BES-GRBERERGEE. WEMNEREREN 180
.

K‘%s\
| N
BE1 k=

Fig.1 Laboratory

HTREBIEAZANRERTE, BAUELE™H
HERER 1MAWRELBRETHNE. ENEERFFERC
T). BREBRWEHNHEARRAMEN 100 mL., & EEB
AR BRI OKENINALEFWERE, URFHENER
P —BE, LRNREHBESEIARE, BRIER
S S 5RENRAR. M- THE. LiEEHNEFE
10 sk%, BENRAQEHINNEEATERD 160 s
OB (] R B S0t . 8 T KA A e e A=A
MR E L, ERRE T &0 & 7 0 0/30/60/90/
120/150 s By BT 7= A T AR 15 00, BLRIUE 10 Fotik.
1.2 MR

LR T 4 ARFE M EAEEE, k2 HH
FERMNERFES, SHMAREEAR R R E T &
T 10 £ LA B, afh e A DGR 50 A%, SERRI

BEXCHEARIEREDY 4 000~500 em™ B RLLHMEIEE D,
WAPEEA | om™, BIOGERIBE RBEAR 7 255 .
B 2 PR — &M 1 AS R,

F&1 LWRELIER
Table 1 Experimental procedures

2 pek BEEM g e
YRR * # pis -
B 100 mL B g * ¥ ¥ -
BRERBART * # F -
InghkE G/ s * ¥ ¥ 0/30/60/90/120/150
FHEURE ¥ F ¥ 90 s
Fase iR * bid # KF60s
WETHHE, KigH * vis ¥ ilh=g:ding

i, BEEMHRE

BRERENE, MRRHHES . B 10 min L, HFATRRET R
&

50 000

40 000

30 000 A

20 000 A

Intensity

10 000

0+

T T T T
0 1 000 2 000 3000 4 000
Wave number/cm’

2 BB
Fig.2 Tyypical spectra

*z2 N#HgARMER
Table 2 Information of four kinds of edible oil

TR AR TR
1 SR BEIFRAIFN e E M
Fhk 2 wiTRAAEMRR  FHEEAT RERFMIF
k3 e FEFHEFEEHN
%4 BIEN—RKEMH RERAKE

PSR ARRENKSEFOIE=A, 450K
3 000~2 400, 2 250~2 000 A K& 1 300~700 cm™' =43
B.ALRZAGTIURAR=AEERITELER
100%%%, ATTEEWEL. 3£ 3 41 TRA 2 200~2 100 14
B 2 600~2 500 e BN I B 1T PO R ot A 40 S 15 R HE U
BRREEGHTHER,

BRI, MMl SR ERE 1. B 2 HiEE
BT 2, 34,



KR

St 5% T 751

%£3 FAREBRTAERBEASHTEHREBRE
Table 3 The average SNR of different fume
components in different wavebands
WAEL M2 M3 W4
2 503.08 1015.66 908.292 1010.1
4 903.18 2 901.19 2 706.57 3 145.03

{EM: L (SNR)
JES 1(2 200~2 100)
BB 2(2 600~2 500)

2 SERANEE

2.1 EHSRER

HEKGEBIRE N A THEMEREENRASE
BIGEBETA LK. R, T 4 AHRHNTE . 5E
% BT TR BRBIE T, X SHIMA THEMBRE
g2 ST, B, B Ser ARBAR R A B AT 3 A R I
(PCA), BBAERIN T MRS 88 EREMBURLEL, HBRIT
KR, MXAEREREE . BAKRIERER 7 255
YL BEERE T 15 4, R 4 A T ATELMFEE. T
P RETEJLA ERA 0 BERTTKE,

MFE 4 TABH , B—AE 453 RIE S E R KRR
FERE N 67. 623 7% . BRETTEE KT 9071 ERA TN
15 4, (B, BB 7 255 4EBERE AL 15 4 I TRAIH A K
#.

£4 WISAERSEMEE. EREURRAARE
Table 4 The first 15 principal component characteristic value,

the contribution rate and cumulative contribution rate

EmS FHIEHE FERE/ % BERFTIE/ %
1 232.077 9 67.623 7 67.623 7
2 22.004 6 6.411 8 74.035 4
3 15.075 4 4.3927 78.428 2
4 6.0320 1.757 6 80.185 8
5 5.380 4 1. 567 8 81.753 6
6 4.551 5 1.326 2 83.079 8
7 4.2135 1.227 8 84.307 5
8 3.595 6 1.047 7 85.3552
9 3.3037 0.962 6 86.317 9
10 3.0170 0.8791 87.197 0
11 2.509 2 0.7311 87.928 1
12 2.4150 0.7037 88.631 8
13 2.185 8 0.636 9 89.268 7
14 1.467 6 0.427 6 89.696 4
15 1.428 8 0.416 3 90.112 7

2.2 AIHEMERANEE

ATwamgEr ZrRATHERXRG, F5aH, &
BT AR, AL 4 BIME BP-ANN A TH & MK H &k
2 e A S o 2 T 4 e o R 28 R AT R
2.2.1 RERGABEBAINERSEE

Hgkn) BP-ANN ATHEMSEREERL=R, AR B
HEUR R, — BRI, BARY SRR THALK
B, h—EER. GHENBEASEKE, ATHE

F7 4 2 (PFHARE L) . TR K99 S B A B RRRE T BT
HWEATHZMENLE. BETAESSSHRESNF
SutiE, FEE SR RABR, MREHE EFL D
HEHARBERE. — Bk, BETAK QHANMD
HHEEE

Q=| VM+N+k | M
KA, MABAT SE. N ARS8 £ A—40~10
MER. At & B10, AR . Hith BB R B BTN
S EIMR RE.

BEYIGE RO MG, BRERN—BRSHS
B, BB RREMATHERME, AT RERESZ,
IR 2 AR B I R4 R RIME R THUR, RA Leven-
berg-Marquardt 2 J B %, X ATHEMBZ#HITET]. BER
WS, RN RERER.

2.2.2 MEALMEALEE

X T EIX e, FEET B AR IRA A THE
W, BIRER M2 M E B (PNN) R 2 MR IL
b 3 B ARR A P L S BRI, FE B A S B ST
Pekizsia], R LA Parzen 57 1 B OV R R U —FPRT ISR
derE Ry, R T 2 I E A2 4 5 2 SRR B A3
FEHEMME, SEAMITHRMEERARLL, EA%TTEAR
BEERABERNLE.

PNN iRMARN%—1E 4 2, GERAR, #4E,
KHBZURESHLE. ERARS, NETHRARES
B ISR i B2 A O BE RS , AR 2T 4R BD ke
EF RS, HED 2. 1 TR ERI . HAERHBA
BRI B8 v S R

6 =exp(— 25 |l z—c |I%/2dh) @
Kep, o HREOBEHGF L, o R RECE MK
MR TT RS, AR ZT MBI GREARAEG R
FURAGREA 2 B0 e, AT N ANmkds: P2
HWHSRER, WHEGRFAF-IH 1, HEHAO, H
B, MRERAHH—LEHERN 1, Bk, HETIE
#ith 14, B—Megmiatimg, 5BP-ANNHHEZES
HEeH SRR,

3 HRHHE

3.1 HFER

YR AR B MR, EARE LK, 81
4y HA 50 &L EBGIEEER. B —ENEE . MY
BEALIZER 10 MEAIE N IRIEE BB ARES, HRMIEN
Bk S REASE, TEXSE ST REAHETT PCA Z 8T, B XA
BURHAT— R IOBUL IR, BRI R LB . #18
BB R A SRR E RS, BEEENAEE, Mg
BEET ANNHEEIMEAES, E 3D 251H
BP-ANN 1 PNN % B i S g5 R, AT, W5k E
EEREXT I R TR TR 7 ST

#4557 9 BP-ANN 5 PNN 45 %) 4 28343 40 &
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HAFITIRG, RHGERMES.

4.0 BP-ANN  VIlZkbE A4 5 #
(a)
. 3.51
L
=]
g
Z 3.01 #
Q
B,
g 25
2
o
&
B 2.0 “
E e T
] +  THENGE
1.5 i 1:14%
1.0 - r . T T ,
1 1.5 2 25 3 35 4

Peal sample number

PNN VI ZxfE A4 3T
4.0

3.5

3.01

2.51

Predictive sample number

1.51 ’ v ORI
7 1:14%

1 l‘,5 ."Z 2'.5 ‘3 315 ;1»
Peal sample number
B3 ATHERSEEEISHLER
(a): BP-ANN BERIZE R ; (b): PNN R RIZER
Fig.3 Simulation results of artificial neural network trainings
(a): Result of BP-ANN model; (b): Result of PNN model

RS AHAIMHESNEEZMRANARILER()
Table 5 Comparison of two artificial
neural network algorithms (1)
R #Harl #4512 M43 Had
BPANN PNN BPANN PNN BPANN PNN BPANN PNN
WiFRAKE 10 10 1o 10 10 10 1o 10
FHiRHIEE 10 10 10 6 10 9 10 10

HEREIEE o 0 0 4 0 1 0 10
RHIE/ % 100 100 100 60 100 90 100 100

F2E 5 AT, FIFPE B AR AE N IO R 4 43 B0 T A A A AT
ARCRT . H+ BPANN B L RExT AP 4 4347 52 &R 5,
B 100%. i PNN BikaEx4a 1 fd 5 4 TR
B, 45 2 BIRBIREME, RF 60%, 3HS 3 BiRHIE#
¥4 90%,

3.2 AMIRFIERMERELLE

E—WAH TIRBI R, K BPANN Hhm4E4 1151
2 H100%, T PNN MIZEA RN A 87. 5%, R, X
FH AL BPANN B RESE &M T PNN R 518 3%,
E N SRR AR, MBI ARG FEVLIER 10
MERTMRK. Fet, HHBEEEEN LR FRAE

Fo K6 HHTHMEELRE 10 KNEZRER.

x6 WHAIMSMEERNIRBERILER(2)
Table 6 Comparison of two artificial neural
network algorithms (2)

P BPANN PNN
10 | 2 TH B K
% EROWEE ks L RIE ket
1 39 97.5 1. 308 489 37 92.5 0. 794 781
2 38 95.0 1. 269 070 37 92.5 0. 803 191
3 40 100 1. 212 789 35 87.5 0. 838 228
4 39 97.5 1. 379 311 36 90.0 0. 857 740
5 39 97.5 1. 169 148 35 87.5 0. 824 773
6 40 100 1. 126 398 38 95.0 0. 873 853
7 38 95.0 1. 230 982 37 92.5 0. 833 884
8 39 97.5 1. 140 576 34 85 0.769 117
9 38 95.0 1. 438 556 37 92.5 0. 892 013
10 38 95.0 1. 227 166 35 87.5 0. 839 343

* 6 WHMTRE], EiRH(E  BPANN B 3% ¥ IEFHIAG
K 97.0%, & F PNN E ik 90. 25% iR 5%, i BPANN
By FHEIER R 1.250 2 s, EFTFPNNEEKY
0.8327 s, BPANN Bk F EAENR %I S BB K,
HRIFE IR BCR 39 K, EI MY FRiIEE RMSE) /M F
1.0X107%, PNN A THZ ML LSRR BAET HEME
iy S RIBUR sRE, T, MEBESH BIREHAFH RN
WENME, ZATHRBE TN BENEE. KR, 5
W ZR G I TR R IS5 AR R ML hat, &
XL RBUR T LA BRI, Hh—&REA T LM
R ERBOESHRE, RS H. AW, £+ R
BT, 43 BRE AR i 4 AR [ 0 Ht (8] RO Ye it 5% 10 & 1U
L, F—#inEed 8] T 89563 PCA #54E {8 T BE AR B 87 43
A, WA NPT E B 6 2 8 49 PCA $FEEHF A —E R
MWEH A, NTTREEEMERE A RNELBEET
BPANN HAIBE, BRET N ot #i oAk B 20
FEAEEAERE A E . BPANN BEE EEMER, MALE
FRVIGME LR BHMHEAR R 40 A, R A MET
B B BENLE . BiS S Hr R, PNN BaXiRs LB
T ET L&l a & BPANN 2 MR RSIH k.

3.3 AERERMIRSIEELLR

23T EE R PCA-BPANN 4326iR 818 3 5 PCA-PNN

SRR H B AT L B BE A ROEE AG), IR (3)

N
AG) = DjaeL 3
i=1

KF o D HE { P TFEER Y LHRAE, o HiZFH S
STHWRE, L ARBOLRE . R3S BE B8 #4743 47 o]
AR, [FRb el SOGE 2 R0 o, dRIAH R
[RV2H 4 B e B 2251 TS [ b XS B0 i i o A0 TR o B 308050
Ho(WPER, TR, PCA-ANN 5 PCA-PNNE % TEE
FEAREUR [/ 2 B il o KB R G B S 8 o OO AFAEZ B, 1A
B2 FEFMEERMES T+ o BZ5.
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ThE b, BRMAREESR, XJLEHM. BMEFH
VOCs B2 4> R BCAT A4y o 3k B Be sk S 4L 4 (NMHCs) |
SEER AV (OVOCs) LR KR IE. WS EIEEA
B ELE A1, NMHCs, OVOCs LA R 51042 B 21 50 R WO E
FELEARLE 3 400~2 600 cm™ Ky F AE FI 4R 30 B e L X
2 000~500 ecm~' MIFE B UK, LA 2 400~2 200 cm™!
H-CNZHXN=2mZRBHERIIK. ZRBI+Pa
SERAH=AKREE A, FA 1 300~700, 3 000~2 600
om 'R A E R BB A BBHEATIRAA . RTAHT
RN B 7E S 4088 I B2 BR B A 45 SR LA R I i B
BA RS R . NBEE B T4, PCA-PNN LK PCA-
BPANN R B2 Bl % 81.5% 1 84. 75% , HLWiFp B
e T B RN BRI, Uk BHR RIS B R Bk A 4 3R
2K 90. 25% 1 97. 0%, AW, WABENELE, SET
&k BESOE B ISR BN B AERAHE R .

M7 A, BB Sk AT e, PCA-PNN 2
FiN B B 5 PCA-BPANN 23R SIS ARSI A0 2 . B
BEA P B BOHE ST 40, PCA-BPANN BiL RS R Q&= T
PCA-PNN B ¥EiR51% 3 MESH.

7 WHIASNEEERRRETHIRMELE
Table 7 Comparison of recognition rate of two
recognition algorithms in different
TH HEHR 1300~700 em™! 3 000~2 600 em™
WE PNN BPANN PNN BPANN PNN BPANN
80.0 85.0 75.0 80.0 90.0 92.5

—

2 82.5 85.0 75.0 77.5 90.0 90.0
3 80.0 85.0 77.5 77.5 92.5 92.5
4 82.5 82.5 77.5 80.0 87.5 95.0
5 80.0 82.5 72.5 80.0 87.5 90.0
6 85.0 92.5 80.0 85.0 90.0 90. 0
7 80.0 82.5 72.5 82.5 87.5 90.0
8 85.0 87.5 75.0 82.5 92.5 95.0
9 80.0 82.5 75.0 71.5 90.0 92.5
10 80.0 82.5 82.5 77.5 95.0 95.0
Mg 8L5 84.75 76. 25 80.0 90. 25 92.25

MR B PR B IR B R LB R B, BIRAr R
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Study on Recognition of Cooking Qil Fume by Fourier Transform Infrared
Spectroscopy Based on Artificial Neural Network

YE Shu-bin"?, XU Liang'*, LI Ya-kai', LIU Jian-guo', LIU Wen-qing'

1. Key Laboratory of Environmental Optics and Technology, Anhui Instiute of Optics and Fine Mechanics, Chinese Academy of
Sciences, Hefei 230031, China

2. University of Science and Technology of China, Hefei 230026, China

Abstract With the developing of catering trade, cooking oil fume has became one of the three major air pollution sources in some
cities. In recent years, a lot of research on the cooking oil fume have been done for its high threaten to human health. The cook-
ing oil fume contains a large amount of unsaturated hydrocarbons produced by pyrolysis of edible oil, which are harmful to human
health. The characteristics of the composition and content of edible oil fumes produced by pyrolysis of different edible oil are dif-
ferent. For classification and identification of edible oil, two kinds of classification and identification mathematical model are con-
structed. The spectrum data of different edible oil fume are collected by Fourier transform infrared spectrometer which is inde-
pendent research and development. At the same time, different classification algorithms of the principal component analysis
(PCA) combining probabilistic neural network (PNN) and the error back propagation artificial neural network (BPANN) are
constructed respectively. Two kinds of classification algorithms are used to analyze the Fourier transform infrared spectrum data
of different cooking fume gas. The mathematical models are trained by the sample data, and the trained mathematical model are
used to analyze the unknown spectral data to determine the type of edible oil. The experimental results show that the two algo-
rithms can classify and identify different types of oil fume. In the whole band recognition, the recognition rate is 90. 25% and
97% respectively. By analyzed spectral data of flue gas absorption band, spectrums of atmospheric window and the strong ab-
sorption feature bands of volatile organic compounds (VOCs) (from 1 300 to 700 cm™" and from 3 000 to 2 600 cm™!) were ex-
tracted, The absorbance data are divided into two parts with separated absorption band, and the two algorithms in 3 000~2 600
cm ! band have better recognition rate, PCA-PNN algorithm recognition rate is 90. 25% and PCA-BPANN algorithm recognition
rate is 92. 25%. Obviously, two kinds of artificial neural network algorithm combining principle component analysis respectively

can effectively identify the types of edible oil fume.
Keywords FTIR; ANN; Oil identification; PCA
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