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Fig. 1
Laser: Laser source; M1—MI14. Reflector; Al—A4. Diaphragm;
HWP. Half wave plate; CBS: Cube beamspllitters; Chopper: Optical
chopper; LL1—L3: ConVex lens; PM1—PM4 . Off-axis parabolic mir-

Schematic diagram of THz-TDS system

ror; QWP: Quarter wave plate; WP: Wollaston prism; Detector:

Pulse detector
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Table 1 Concentration ratio information of binary system

95 NBR/ % MBT/ % B TR
1 10 90 6
2 20 80 6
3 30 70 6
4 40 60 6
5 50 50 6
6 60 40 6
7 70 30 6
8 80 20 6
9 90 10 6

x2 ZHASBREAYREGEER

Table 2 Concentration ratio information of ternary system

oy NBR/ % TMTM/ % MBT/ % FE S5
1 50 5 45 6
2 50 10 40 6
: 50 15 35 6
4 50 20 30 6
5 50 25 25 6
6 50 30 20 6
7 50 35 15 6
8 50 40 10 6
9 50 45 5 6
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Fig. 2 THz absorbance spectrum of NBR, MBT and TMTM
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Fig. 3 'THz absorbance spectrum of nine

different concentration mixtures

(a) ; Binary system; (b): Ternary system
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(a): Binary system; (b) . Ternary system
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Table 3 Spectral separation result of binary system

£k Jrik HRRE /% LA SA
NMF 79. 65 0.573

NBR PNMF 90.73 0. 392
CNMF 91.21 0. 357
NMF 83.32 0.473

MBT PNMF 95. 78 0.213
CNMF 96. 89 0.102

R4 ZHHKREWREIBER

Table 4 Spectral separation result of ternary system

Eiv) Tk MRRH /N A SA
NMF 66. 23 0.593
NBR PNMF 87.25 0.476
CNMF 89.33 0.433
NMF 82.57 0.533
MBT PNMF 92.49 0.419
CNMF 92. 37 0.493
NMF 80. 32 0.558
TMTM PNMF 95. 27 0.201
CNMF 98. 88 0. 089

MR 3 ATLLE X T AR A MBT 43 25 5L /9 A
RAFRGHE Mg, CNMF Bk SR efl, 25850518
91.21%F10.357, PNMF 3k k2, NMF 22 MR T T
ER I 45 5L, MBT (9 43 g5 45 R T8 4. CNMF 553 19 47 ¢
BBFNGIE £ 4> B 4 96.89% Fl 0.102, MK . CNMF
BLACR AT

mER 4 Fron, T HEAR I 4 85 45 0 A 26 & BORHOGIE ff
i, CNMF 8k fe . 2091 89. 33 % Fl1 0. 439, {HEH T =
WGV E S HE MR T ARG W s8a R
AP F B MBT 43 8545 5 0 A0 & R BORDG3E / . PNMF
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Separation of Tire Rubber Overlapping Terahertz Spectra Using
Non-Negative Matrix Factorization of Spectral Feature
Constraints

YIN Xian-hua' *, LIU Yu" ?, FENG Mu-lin" *, LI An’, MO Wei'"

1. School of Electronic Engineering and Automation, Guilin University of Electronic Technology, Guilin 541004, China
2. Guangxi Key Laboratory of Automatic Detection Technology and Instrument, Guilin 541004, China
3. National Rubber and Rubber Products Quality Supervision and Inspection Center(Guangxi), Guilin 541004, China
Abstract With the deepening of the concept of “green tires”, the effective composition of tire rubberis directly related to the
qualification of rubber. But tire rubber is a “black” analysis system for the inspection department, and it’sexceedingly crucialto
accurately detect rubber components by the existing methods. Terahertz time-domain spectroscopy (THz-TDS) technology has
been successfully applied to material detection and analysis, but the terahertz spectral data observed from a complex sample of
rubber represents the comprehensive results of several interrelated components or interaction of characteristic components in
many cases, where as the actual information contained in the raw data may overlap, which will conversely affect the analysis of
the components in the rubber mixture. In order to solve the problem of terahertz spectral overlap, the characteristics of
continuous smoothing of terahertz spectral matrix and sparse concentration matrix are combined this paper, then the 2 norms
with smoothing characteristics and the 1/2 norm with sparsity characteristics into the non-negative matrix factorization method is
introduced, which are applied to the separation of terahertz aliased spectra, so as eparation method of terahertz aliasing spectral

based on spectral feature Constrained Non-negative Matrix Factorization (CNMF) is proposed. Firstly, nitrile-butadiene rubber

combined with vulcanization accelerator 2-Mercaptobenzothizzole(MBT) to form a binary mixture in diverse proportions, and it
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combined with vulcanization accelerators MBT and tetramethyl thiuram monosulfide (TMTM) to form a ternary mixture in
different proportions. Then the terahertz time domain spectrum of all samples ismeasured by terahertz spectroscopy system,
which the measured data is subjected too btain a corresponding absorbance spectrum. Further, principal component analysis is
performed on the obtained spectral matrix to initially determine the number of components of the mixture. Finally, the
Non-negative Matrix Factorization (NMF) . Non-negative Matrix Factorization based on pure variables initialization(PNMF) and
CNMF methods are used to the decomposition of the mixture data matrix and spectral analysis of the aliased spectrum. The
results show that the separation effect of the CNMF algorithm is better than that of NMF and PNMF method, and the
corresponding results of the characteristic absorption peak are accurate. In addition, the correlation coefficients of separation
results for different component mixtures are higher than 89% , and the spectral angles are less than 0. 5 with a higher reduction
degree of purity spectrum. Therefore, the constrained non-negative matrix factorization algorithm is introduced into the separa-
tion of terahertz aliasing spectra, which is preferable to extract the characteristic information of single components in complex
mixtures and provides a better foundation for the qualitative analysis and quantitative calculation of subsequent terahertz multi-

component mixtures as well as the considerable research prospects in the field of quality testing of green tires and rubber.
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