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Spectroscopy and Spectral Analysis

it

E TR ERNETEFURSELCHNARESE

Wt B, B, K BN B O, BEANEOBRDY

1. gt RSB e IR 2 58, dbaT 102206
2. fedvl h RFAEY R R RERAER TRLEE, L
3. WA AN TR fE2EBE, Mk K& 130012

102206

 F AMOGIET BA R RS RS SR TE AR S B b R R AR . 2D IS A AR T B
I 43 24 45 38R 11 17 T 3 2 A rP 7 0 2 (] g 7 3% I 2200 1 %ok AN [l i 3% 1 TR R A T . BRAT A 9 B3R Y Y
Ay, PRK AR R M H AL R A 2R B S AR LS WA AR WK
o ARATIEE . XS R BT PGSR AN TR, PR LA AN [ (9 2L A [, B 7 2 A1 i e A E 38 B ) T L 8%
2 ) FE ST AN 4 A B ] DK B LRI A A s sk b e e ok . AT T 4R K MR RE
Y R RARME R TFRELLAGIE BRI 72 40, X A0 7 FA 0 7 2. e 2 75 3 A0 8 B 2 e )
BT A3 A MERR R 00 2 0 . A AR A IF 28 A8 B e (SNVD L 22 0 BU A IE (MSC) | 3R & (DC) H1 - i 9% 3
(Smooth) J5 ¥ Xt B4 647 TUAL B, 4R J5 R 32 08043 40 BT vk (PCAD X 1Ak B8 )5 1) B3040 0 7 e 4, 31453 72 X8
72X 5 WECHEEE o 43 0 R AR SR A 48 ) 45 (PNIND | T SC IRl i 48 0 4% (GRNIND 52 415 ] 42 ML (SVMD i e 11
PR (RDF) B gEAT R BE . A A 25 SR R W, 4 PCA FRZE G M50 H T 5 S it , 5 4% 1e 8 4E4iiR 15 31
M3 R R AT, SF B MERIER 1 TF 2. 420 ~4. 42, FETF 5 dE i 8UdR . DC/Smooth i 4b B J7 1 L SNV il
MSC i kb P45 21 fg S 34 WE AR R, SR E T 96. 5% PNN A [y Hfth = 40 R 1 - P i iff R 4. 2% ~
6.5%, A3k 98. 1005 X MU H IR . BRI ISR W01 50 3 5 HAT 93. 8004k, 45 4t 2 R AT 28 1~ 1
H B R ITE 95 % LA b, AR RS 1T LIS 100 % . AIE T 2041 3 45 4 DL 8% 27 > 52 30 H: b 57 33 0% JBE % 30k Y
T RETE BB, AR R R ik R AR S

KA
RESES: 0433.4

AN PLa2E s HAb s ) IREE Ay m A A H
N EEARIRED : A DOI: 10. 3964/j. issn. 1000-0593(2022)05-1353-08

Vol 42,No. 5,pp1353-1360
May, 2022

—

=

5l

LLAMGIE S M W B oy A D TR, TR T TR
b AL T BUREZ A G, B Pl A /D L RN A
AL PR AR L OREEREE R AE AL A . B TS ALRL I R
J& . LLANE S LA T BB A 40 2 S ) U AR B T
Pz RN AR RS HWE I . S T A G A AL
o I 43 28 5 B O ik R T T [ e s 3 Al 4
T o AN TF) 2 5 SEORE B3R 0 T 20 A0 O T AR AR B R W
5 R FHALAR 2 >0 7735 T LUA 0 PR 50 O [6) Bl 2 9 KL, it
TkEan sy . H BB C A 2 50 2050 it 1% 9808k 43 26 3 4 o)
HERT o SRTAT 3 2T AN G 15 R T P €0 1 3 14 43 1647 A7 7E — S 1Y

i HE: 2021-03-01, 1EiTHH#A: 2021-07-27

Je B o Y. R A SE TR R Ol 1 AR AR N TG % A R
1% Fisher G J5 ik $& 7 4050 . B0} A 5t = 28 A7 [|] i b
Wy 4325051, MERRRE AT 97060, S IRTT T IR A B 3 Y
Byl T 1A

It ] 9 T s 3 0k 2 2R AR T R S R . AR
B g A B R AT o] ey 3R A5 B TR R0 RS . A B A
B oy Aoy 2% BEURACR R BE BRI AL BT ik
TR B R LY A R0 e v F TL A B, RS b, HA B3R A
BT S AT R AT B 30000 Hoh A KR
UK BRI S RATSE SRR ML G, XS
gyl LAHE— P m AR . 28 R Ut TR 4R K B
SR T A R A A B T 4 3% PT LA o 0 3 b o %
THEA M 5 WL R AL 2T S0 45 4 5 R 45 W T L 2 A AL A fi

E4TH: BX ARB¥REANFHERSIELSTH (519220400, o E 4 )5 R 35 406 135 H (2020M680482) %% i)

fEER A W A, 1992 4F4:, ARAUH Ty R RE IR~ B Ui
* W INEH

e-mail: binhu92@126. com

e-mail: tfan. 108@gmail. com; gianglu@mail. ustc. edu. cn



1354 ik 56 4

842 %

R 7 B A KA RN R SEUUUR s R 2R R Y A ) R
H 2 0 TIUAL L5 T AR 2 7 A A e A
e E U EAW DoV R (TR 2 S e P 3 e B R N
i DX B 1 A) KR LA i O R AL AR 2 ) Oy Ik
Tt o HL A By I TR B S AT L SR, A OG0 3 B RLE A
S

DR BE . 2T 25N il ANLAS 27 5 J5 15 IR 3k 23 283145
18 Al 37 3 v R B 4 v 20 0 O BIE 8 AT R 2 R
25 [ o R AR AL o ) BB T 5 S . R A B 3R
B B AR T B, AT LUK O PR MR
BRI ARMEZE . ABTIOR IR EELLAME AL &%~
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B3R B 343 ik LA R i (B AL AT 4R AR 22 4R 0

1S

L1 ZD5hst i SRR AN

RILLF AR IR . AT I BARAL A 1 2 H A
RSB AEARIE 18 1o R A i B b T RE $2 3 5 B A 7 AR T
AR 2 75 Qe AR, BARSER A B 1 s . RAEAR
MUFRAEINT « (DLFHERE, TR RALER L HAAEY .
WAR M REA B R AT BN AR . REAR, —RMEARAR . A, ok %
DOIERREY . ZROZTGRER NG, BA
g o L M I A B R R R BOREA RS r AR &L B
e, WMBMRAC, VI, IRARES; (DHOARME,
HARFEDALT I3 £, EEW A NGER, FIER.
ARBURSE . G048 R A0 28 ORI & A B 0 R R
2. O G A R TRy BRI
AL TR KRBT . — BT 45 (D REZE, Tl
Y5 B AR A S B s, R 20 e 5 TG 2 v (e AL A O
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Table 1 Residual waste materials
T (B A2 5 kL2
AU A FTERAR. B4R, — KRR . AT . JH Sk

PR S B A R AR, PR

JE K B A
BEREY G meskie

ARE% ATEL . TR ATREE. KHERT
IR% e P, 0

{#i i 3¢ B PerkinElmer 2 @) 42 77 f) Spectrum 100N FT-
IR il BLIH AR S 2T AP 6 1A, 6 JH B8 980 42 S 5 20 AP i Fe R
ARG . A REAR 43 e IO A AN R AR AE A AN
fiESCRAE 6 YOG TR B . WO B - 3% 5 1 06 35 SO R4
o LLAMGTE LI F O, G & 650~4 000 cm !
BB, AR 4 em ' IRZ, I8 MRREARILIR B 72 4163k
Bs . HADEREE R 1}3 351 B9 — R LR MM RE , R M AL
72X3 351 fY I S AT R B . (D FTR . o om=

T2, RIS REAR ME, n=23 351, KA NEEA X 650 ~
4 000 em™ " B L1 A6 IS R B .

X X,
X =

X 0 Xom

(@Y

1.2 HiEmAE

g T 15 S 30 B G IR B A B A T 0 R B R
g3 R A b IR 25 48 & 7 4 (standard normal variate,
SNV). £ Jt Bt 5F ® 1IE (multiplicative scatter correction,
MSC) . & % 4b PR X & F 75 UE % (derivative correction/
smooth, DC/Smooth) Xt J5 4 Ot i %4 JE AT 4L B, JE o,
SNV, MSC 3= % I 98 B 1606 315 B0dls % &8 3 7 o [A] 44 350k:
RN R B e R A A 7 42 1 52 M s DC/Smooth Bk &
oAb AT DA 2804k 321 A0 S 3 B A s A R R R 4R
B . BRI A M REUE 5 HER0Y
1.3 HiEkE4

Xt H b B S 0% 3% B P32 B4 43 BT 10 (principal
composition analysis, PCA) JEfTR4E b FH . DL Ab 3 Y61 I
SPEBAE 723 351 FEREAE A S HC R B R R B
Ty 2250 s SRR FLRRAE AR SRR AE 1) &, gER R 2 AN FRAEH
JIE T RO B RE AR o o AR RRHE RS W o DASK(2) 315315 B [ 4
JE B Z, . b kO PCA AL ERR M8 4E ) . LA (3)
O R R4S B Tk B, Hoh Z B8 A RS
ar R Xk AR AS SR AR HE AL A MERRAE A A A RRAE 1) 3o B &
F AT BT TR o, #9026, 5B k1 R LLE A BT E
B TR N T 109,

2, = X,Wooa (2)
Zi = aix1 tayx, + 0 Hapay (3
e 4)

I

1.4 RESERBHES

o i 6 G 3 1) HC A By 3R TR B Ay A AL, SR AT 4 R AR
BN 3 2 H T Ty 1 HEAT R L - MR AR £ Y 2% (probabilistic
neural network, PNN) | 7 X [\ 5 1 2 W 2% (general regres-
sion neural network, GRNN). 3% ¥ [ & #L (support vector
machine, SVM) X bti#/l % #k (random decision forests, RDF) ,
PNN 5 GRNN %5881 B A {6 75 19 F £ 1k W S B8 ) S~ >
HRE, FEAR TR/ AR AR, H B BORR I, AL BN ER E £
P 4 A B AP AR s SVM T AT 2 oy R AP W2 R 1
0 3 R AR R0t . B s B 568 J) s RDF 2 £
R TR SR X R A I 5 R0 1) — R Ay 2 s, R RIAE SRR R
B ARG BELE . I IIA BOE A TR S AR 4

R IR AR S S A 18 B B R e 0 a2 R 0 R
R JH R 2 U R T TR A g vy, R AL LLE A R
(Accuracy) . S18H K bp HE 1R 245 K 2 VE A5 . HERN KT E
HEM G IR, K TP #1 FP 43 5 AR R A b 3 1E o
I3 B IIREARA B G PR T R IR AR HL

P

Accuracy = TP - FP (5)
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. REAE B AF R 25 b IR DU SR B IR A FRAE LD AN B B . B 1 ()
T 2P YEREFEATE 2 800~2 900 em ™" BT AF7E P AN F 0 Y
W AU, SR T LI PR B Y OR S 0, 1 100 ~
1200 em ' B3 A7 76 (9 5 W Wic i L R TEBE L R AR PR R B
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s T AR Z R 6 B 2R L RO . OGS B R SRR R .
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5

0
-5
-10

1 000 1 500 2 000 2 500 3 000 3 500 4 000
Wave number/cm’!

1000 1500 2000 2500 3000 3500 4000
Wave number/cm!

B 2 SNV HAEFHETHEZE(a)
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W W ige s P 1Ch) BT 7R B 5 28 3R & I AR AR FE 800 AT 1 300 em ™!
A FEARMIFN C—=C BRI & 1o, RITEMEASE
AR RAEAR MW R IXHITE 1 600 em ' [T A W e e, 2 LT
AR B A A RIS 3 300 em ! T SR B O K HOE
LB ST o 7 R A0 5 A P 1 (D TR B ARAE B AR A il F
WL &R, Bk 1000 em " B3 BR 0 W i L oh . At iz
Wb PG AR X2 . T WL PO AR AR B R TR B A A0 8
FRAE, X2 S AM AN G Ny 1 B A R AL, BLARAE ) O ik
B B TN Sy 3 LS ) B9 AT S SR 2 Y 2 ST
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Original infrared spectra of cellulose (a) . vinyl polymers (b), woods (¢) and low-value wastes (d)

8+ % DC/Smooth Bk FATRAL RS , L0465 FL R A B A2
e AR B3R i B X 2 BE TN B 2 % LY Lok b 315
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HAT RFEWX,

e
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Fig. 2 SNV pretreated infrared spectra of cellulose (a), vinyl polymers (b), woods (¢) and low-value wastes (d)
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Fig. 3 MCS pretreated infrared spectra of cellulose (a), vinyl polymers (b) . woods (¢) and low-value wastes (d)
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Fig. 4 DC/Smooth pretreated infrared spectra of cellulose (a), vinyl polymers (b), woods (¢) and low-value wastes (d)

2.2 HiEM%

SNV, MSC } DC/Smooth i 4k P ¥t #f 22 PCA &4k 5 15
B F R R A AT Z 5Tk ER . AT 8 4k F M B g T 2.
H 2 nl 0, WAL B S A B0 40 B 4 I IR 5 4k 3 AR

GF BT TTECR AR 9000 LA B, 5B 8 K LUS F BT 1 Tk

%2 SNV, MSC % DC/Smooth Fi AL IBEEE & PCA REBEREH S WFEEM AT ETHE

Table 2 The principal component eigenvalues and variance contribution of SNV, MSC and DC/smooth datasets

FALF 120, Heb, SNV HAb #LUG 19 L0506 1 4dE 22 PCA B
A f5 120 8 AEF 5 AERHE . XA 21 50 6 % s 1 TRk 3R
SrRFEE] T 96. 5000 91,006, JS it . MSC kb 35 9 B s

Ak 5

F R Z Zy Z3 Zy Zs Zs Zr Zs

FEAEAE 208. 35 102. 04 50. 50 39. 22 32.71 14. 99 6.91 4.15

SNV I Tk % 43.7 21.4 10. 6 8.2 7.1 3.1 1.5 0.9
2T 2w/ % 43.7 65. 1 75.7 83.9 91.0 94. 1 95. 6 96. 5
FEAEAE 861. 19 429. 45 207. 22 161. 67 107. 20 47. 83 36. 77 24.15

MSC TR/ % 44. 6 22.2 10.7 8.4 5.6 2.5 1.9 1.2
Rt kR % 44. 6 66. 8 77.5 85.9 91.5 94. 0 95.9 97. 1

FEAE(E 149.73 80. 39 16. 76 14. 34 6. 66 4.98 3.28 2.50

DC/Smooth I ETIEER/ % 52. 2 28.0 5.8 5.0 2.3 1.8 1.1 0.9
Bt EmEkR/ % 52.2 80. 2 86.0 91.0 93.3 95. 1 96. 2 97.1
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2 PCA Me4E455) 73 X8 F 72 X5 BB 4E . STlk R0 9 K
97. 1% M1 91. 5% ; DC/Smooth i 4b ¥ J5 1 504 4 PCA & 4k
BEN 72X 8 F1 72X 5 AUBCIESE, STk R4y 51 97. 1% 1
93.3% . XF L 5 4R 8 AEHUHE, 5 A HUHR B I 250 AT LUK
W J A 500 1 K15 B, Tl 8 B A b T 5 4S50 X R
U B 1 B ST R R (3. 8% ~5.6%0) . SRS ML 5
YN 8 HE S FH TR A E S, R — 2 T B o A R R AR
OIM
1 000 2 000 3 000 4 000
Wave number/cm’!

ulioh- AN

MR 2l AW, 4 1. 2 4k 3 B0 0 F J5 4R B /9 53k
R L, L =R A AR S A 1 2 BN R
fof R BOF- {8 2 % 2 fr R F B . W 5 B, m Al
&1, 7E 680, 1000, 1200, 1300, 1500, 1650, 2300, 2800
~2 900 J&% 3 300 cm ' SF4b HA B W AR B, 0 W]k i B AR
B b R E E R

Ololjj\f\wv

1 000 2 000 3 000 4 000
Wave number/cm-!

Bl 5 £ PCAREFHSE L(a)fn 2(b) EM 5 RE S HIE

Fig. 5 The first (a) and second (b) principal component load analysns spectra

2.3 RESERBHINERNT

PL PCA FE4E G152/ 72 X8 T 72X 5 B¥G EAE N A
SR, 43l #E 7. PNN, GRNN, RDF J SVM H 5| B A, &4
RGN T 3k 4.

i 2% 3 AT, Z1 ARG BOdE Ak B S T ST 0 AL R
JEE G A5 R ST 2 o R T F A 90 %0 AR R 4 A B
(A S Y B R T 5. 5% ~11. 2%, Hih SNV, MCS &
DC/Smooth = Fh il kb ¥ J7 2 19 F 24 i 5 5y 89.4%.,
88. 4% K 94.1% , & 2 A& 3 fif %, SNV Fl MCS i &b 5
S A5 B0 S T RRAE P BT . R B0 T P R AL 3 5 o T
ST BT %5 B8 1A Y . DC/Smooth B 4 T Ab H 4K A5 i 150
0 S 357 M R I e LIE‘ET@Z&L@(DL)T@ ATH B
M S THE, o BEE S 0, B A B M R BUE; Smooth
AT LLBF IR S B4k B A0 15 M LU B AR L AR A MR RS TR . X R 3
I 4 BRI, ANFBE B AERR TR . SR HiAL #0750
XTI 3 S HE R AR R 2 — B, MHILZ R, 72X5 %
T 2 A5 B 1) T o A R R R CH TR W, SNV, MCS J DC/
Smooth = Fi b By 3 X 7 14 S ) o B 3R 4 BN 93.8%,
92.4%0 K% 96.5% . HEMIRAR S T 2.4% ~4. 4%, % 3,
DC/Smooth B4 AL B 1 1 1 % X 05 AR 15 22 5 R A0 BT BT
EFE, i SNV A1 MSC 15 4k HUg #9 35 J5 AR 15 22 B 8 BRI %
F 5 dE g, SNV HI MSC i 4b 3 i) 35 75 AR R 25 3 oK i Ab 31
A Ft . T DC/Smooth Bt A AL ¥ A BT F B, B3k 2 1T
A =R UL B 1A B B0 25 R A TS R T S A S 4
ST TTmk R AL H] 90% , MisH 6~ 8 4 B X T I As B 1
TUBRARMIG (0. 926 ~3. 120) . XTI 8 4EBABAH b F 5 2 5ol
T FORCEAE AR TR A BOHE 1 BTk % T . (B T
BCR R MRG0 5 HEH04% . B X [ — 3904k 33 7 v i 45 £die 4
X F DU 28 4 R AR TR0 o At 2% 1 24 O AR R 2% 8 AR B 15 B

o> S R AR RS E VR T e IR S e LM T E S
BV BEAE B I AG A [ i B 53 7 B L IX 3 B . TR T O
A I I A .

XF A 3 S R RLTT LUAE . SVM BERLE K1)

RI SEABREMEBENL (BT 2X8HIELR)
Table 3 Comparison of classification model accuracies

(based on 72X 8 dataset)

IrRUETH R/ % Bl BHR
PNN  GRNN RDF SVM /Y RE/ %

T4k #J5 5X

AR TAL B 78.7 85.7 85.7 81.5 82.9 3.4
SNV 88.7 90. 1 88. 7 90.1 89.4 0.8
MSC 87.3 90. 1 87.3 88.7 88.4 1.3

DC/Smooth ~ 95. 8 87.5 95. 8 97.2  94.1 4.4
A 90. 6 89.2 90. 6 92.0 — —

¥R - .6 1.5 .6 4.6 — -

TE e« P(E RN 7 M AR 25 J2 6 T0AL #1500 3% HCHE T £ A5 1 11 4 (i A
YIimiR2eE, TR
Note: * Average values and mean-square errors are based on the pret-

processed data, the some below

R4 DEBEBEREILL (BEF 72X5 HIFEE)
Table 4 Comparison of classification model accuracies

(based on 72 X 5 dataset)

B4 55 DRHEAL M i

PNN  GRNN  RDF SVM /% iR##E/%
KWiabE  77.8  84.7  84.7  87.5 83.6 4.1
SNV 95.8  100.0  88.9  90.3 93.8 5.1
MSC 98.6  88.9  90.2  91.7 92.4 4.3
DC/Smooth  100.0  94.4  95.8  95.8 96.5 2.4
if - 98. 1 94. 4 91.6 92.6 — —
WhHRiRzE 2.1 5.6 3.6 2.8 — -

L, KB T 92.0%; PNN 5 5 RDF mmww«m
AL SVM AR, (04 A o i J3 A 26 )7 AR 0 SE e e 2

M5 GRNN (4 2 7 1) S fe G 1E|i'}JJJ‘7fEi5%§EﬁEfEE?E4L
BT, R G TR e S AR T G A = 2R R R Y B2 v LT
AH TR o T80 00 o 1 28 fie i 19 J2 38 2 DC/Smooth Bk 4 11 4L F1 11
SVM BLR, IR S T 97. 2%, XL 3 fIEE 4 B4 ol
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#
B

DL B+ B30 e 2 0 D o 43 28455 R ) 1 25 o A 2% R 8 O AR iR
ZEHI I A AR . X F 5 4ERHE . PNN R GRNN £ 7 (1Y
Iy UERR R 8 AE R A B AR TF (7. 5% 5. 2%) . Hhil
i DC/Smooth & & AL B () PNN 78 K SNV il 4b 2 ()
GRNN i) ofi 5 R ER A 8 17 100% . Mo, 5 48303
GRNN KA o fe 25 . B MRIR 2 5. 6%, A1 8 45 dE
HENZE RS2, X 2 BT GRNN B 50808 4 BF /Y
TRURRAE S A B AR ORISR FURR B A R RT3 Bk
B F . ZRE A, LA L 0 b % ) A 1 L o Mt L o o IR
JE 43 3E DU B i, o, SVM T PNIN R 43 1) 2
DC/Smooth AL 3R 8 4 Al 5 4t £ 4 2545 5 5 1 43 28 U 1
R KAE AT B, FAR s M A o B

i1 F DC/Smooth B4 15 b B % 4 £ 2] i 15 0 o4 1 % o
s E—# 3T DC/Smooth AR P EL 35 T Y 24 485 78 4 %if U
WA FHERR Y, BUSE Rk 5 MK 6 iim. HES
T, ARYE 72X 8 W REAERHE . XI5 28 3R A 4 Y T o
R B AR 80 ASREA v IE A T AR AT 72, SFE MR R
90.0% . XREFNHERREWF AL, BAH AR MWL I G
FRAE BB s [AAT, X S B0T 1 28 3R A W T 09 349 07 #R R 22
S, BB ZE. X FALERIR G RATIORUL, U 45 A
I 80 ANMEEA, A BBy 75, PR RN 95. 0%,
BSR4, 1%, KX BRI ETEFRE X
43 BERH T 1) 5 AE U5 B B . A 2 BB X 43 26 g )y A A
[F) o Dl o 3 2 A TR o) A1 1 288 3 3 1) 4 28 40 3 25 SR de 48 4>
FEA U —ANRHA, FIMERIZRIA 5] 97. 9%, % A 25 51
WER LT 2.9%0~7. 9%, MHHFRIRESFLERL AR
PP IE . AR RRE PR 3 R IR (B 28 8 4l Jy vh T
L& R L, LOAMEIERRE I B 5 AL 28 5 7 BE e k. Xt
L3R 5 553 6 AT, DU AR A SR TR Y 5 4y 3 43 19 7 34
B BRI . RS, AR R RImRE
AW 5 EEEA LT 8 B, PSR LT 1.3~
2.5% , Horpr, BeF 5 YRR AR (268 3 28 7 45 ki 2 1T LGS H
10056 5 5 2 $0Hm Xof o7 3 2 B 280 11 35 J MR AR 25 M 3 8 HE B8 T
R 1206 ~4. 2%, it D0 28 3 Ath 7 3% 4 28 1) B AR E A B
7t

K5 HWEHMBIBHXEBEITL
(EF 72X 8 DC/Smooth i &b I8 £ 3E )

Table 5 Comparison of classification accuracies for the four
kinds of residual wastes (based on 72 X 8 DC/Smooth
dataset)

N DC/Smooth 3 I5
S48 51 BE IR

PNN GRNN RDF SVM /% i#%/%
S N 95.0 90.0  100.0  95.0 950 4.1
REEEY  95.0 80.0 90.0 95.0 90.0 7.1
P NES 95.0 90. 0 95.0  100.0 95.0 4.1
{RAE 2 100. 0 91. 6 100.0  100.0 97.9 4.2

K6 MEHMIIIMYEEMEXTLL
(ETF 72X 5 DC/Smooth i &b IB£3E )

Table 6 Comparison of classification accuracies for the four
kinds of residual wastes (based on 72 X5 DC/Smooth
dataset)

. : DC/Smooth l{»]U{g Jéjjﬂ?
PNN GRNN RDF  SVM /% &2%/%
RS 100. 0 100. 0 95.0 95.0 97.5 2.9
BEEEY  100.0 90. 0 95.0 90. 0 93.8 4.8
Ak 100.0  90.0 95.0  100.0 96.3 4.8
R 2 100.0  100.0  100.0 100.0 100.0 0.0

FORZE SRR, 2T 20O i AG R BIL A% 27 > S 57 4y 3
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Research on Deep Sorting Approach Based on Infrared Spectroscopy for
High-Value Utilization of Municipal Solid Waste

HU Bin'?, FU Hao', WANG Wen-bin', ZHANG Bing"'*, TANG Fan’* , MA Shan-wei'"*, LU Qiang"**

1. School of New Energy, North China Electric Power University. Beijing 102206, China

2. National Engineering Laboratory for Biomass Power Generation Equipment, North China Electric Power University, Beijing
102206, China

3. School of Artificial Intelligence, Jilin University, Changchun 130012, China

Abstract Due to the advantages of high speed and high accuracy. infrared spectra play a vital role in classification and
identification. For municipal solid wastes, the application of infrared spectra mainly focuses on recyclable garbage such as
plastics, neglecting the deep separation of the non-recyclable wastes. Based on the current “Quartering Method” of municipal
solid wastes, the residual wastes contain various high-value potential ingredients that can be sorted into cellulose, vinyl-
polymers, and woods. These ingredients have different constituents and structures, so they have different infrared spectra.
Therefore, the useful constituents can be further separated from the residual wastes by combing their infrared spectra and the
machine learning classification models. This study collected cellulose, vinyl-polymers, woods, and low-value residual wastes,
and 72 groups of infrared spectra data were obtained. The influence of data preprocessing, dimension reduction and algorithms
on the sorting models” accuracy was investigated. Infrared spectra data were preprocessed by standard normal variate (SNV),
multiplicative scatter correction (MSC) , derivative correction (DC), and smooth. Principal component analysis (PCA) was used
to reduce the dimension of the preprocessed data, and 72X 8 and 72X 5 datasets were obtained. Sorting models were built using
probabilistic neural network (PNN), generalized regression neural network (GRNN), support vector machine (SVM), and
random forest (RDF) algorithms. As a result, the classification accuracy of 5-Dimensional data was superior to that of 8-

Dimensional data, with the average accuracy increasing 2. 4 % ~4. 4%. Based on 5-Dimensional data, DC/Smooth preprocessing
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achieved the highest average accuracy of 96.5% among the three preprocessing methods. The average accuracy of the PNN
model was 4. 2% ~6.5% higher than the other three sorting models, up to 98.1%. As for the four types of residual wastes, the
sorting accuracy for vinyl polymers was 93. 8%, it was over 95% for cellulose and woods, and it could be up to 100% for the
low-value wastes. This study examined the possibility and scientific potentiality of the combination of infrared spectroscopy and
machine learning to achieve the deep sorting of residual wastes, providing a theoretical basis for the future development of fast

and accurate deep separation equipment of municipal solid wastes.

Keywords Infrared spectra; Machine learning; Residual wastes; Deep sorting; High-value utilization
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