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Abstract: Existing classification and identification models for transgenic rapeseed oil based on single-spec-
trum analysis suffer from limited information and high data dimensionality, leading to low operational effi-
ciency and inaccurate detection results. To address these issues, a novel classification method for transgen-
ic rapeseed oil was proposed, leveraging terahertz fusion spectroscopy combined with an improved Fused

Lasso model. Using two types of transgenic rapeseed oil and two types of non-transgenic rapeseed oil as
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research subjects, the terahertz time-domain spectroscopy (THz-TDS) system was employed to obtain
the terahertz absorption spectra of the four rapeseed oil samples in the frequency range of 0. 2 to 1. 6 THz.
Features were extracted from the absorption and derivative spectra using the successive projections algo-
rithm (SPA), and then fused. Introducing a regularization sparse model, Fused Lasso, which integrates
feature selection and classification. This model was improved into a multi-class model using the one-vs-
one (OVO) method, and Bayesian optimization (BO) was employed to optimize its regularization parame-
ters. The results demonstrated that the BO-Fused L.asso model, based on fusion spectra, significantly out-
performed the traditional Fused L.asso model based on a single absorption spectrum in classifying the four
types of rapeseed oil. The accuracy rates for the training and testing sets were 96. 88% and 95.00% , re-
spectively. This study, therefore, presents a novel approach for accurately identifying transgenic and non-
transgenic rapeseed oils and provides a valuable reference for the detection of other transgenic substances.
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Tab.1 Information of experimental sample

Symbol Brand Type Training set Testing set
Non-GMO1 Daodaoquan non transgenic 40 20
Non-GMO2 Jinlongyu non transgenic 40 20

GMO1 Daodaoquan transgenic 40 20

GMOZ2 Jinlongyu transgenic 40 20
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Tab.2 Feature selection results of each classification model

Model Spectral data

Number of variables for feature selection

Dimension

C, C, C, C, C, C
Single spectrum 307 277 182 173 125 165 207
Fused Lasso
Fusion spectrum 92 44 38 40 32 41 54
) Single spectrum 307 255 158 160 123 150 182
BO-Fused Lasso )
Fusion spectrum 92 90 83 82 84 85 92
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0.071 8,4,=0.082 5, Yl x4 ME# R A 90. 63%,
IS B B 5 R 87. 50 % o AT LR FH W OO 3
R A 000 3 4 9 B RN K BHARL A 22 B RE AR A 1R
oy R R RO IS R B AR
0 MK ' T A AL ) 7 S DRLRD Al A 3k DR SRR T
XK . R EE GE 2 7. /Y Fused Lasso 5
Al AT 3 I TE L E WAL SR A=
0.217 6,2,=0.041 2, VI £ ME W KL 3 3 T
93.75% , Ml 4 fE o 4w B T 92.50% , 43 2K
YL R 3 B — W SO T A T e, R Al G O
FE AL & AR B £, AR R ) 0 1Y o 3 R AT
Ji PR 2 1 s o 3 R IO 1% 26 3 SPA RRAE 4 HL
Je R BR T OUA AR S R R AR R TS A B

Yy RRAE AT I8 R A8 T A S SO T B,
X L v A R 0 W' T R L R G o LA 1
AR WL T 2 R S . SR DU AR AR
Fused Lasso 1% %I 78 WG G 3 Fl il 5 ' 3 1 Y i
By S50 b SR FH 4T 28 UG IE 4 o B R B R L
JIr s LI AT I ) R MR o % T — i, DL
iy O AR BT A E 19 S 80 - 4,=0.079 8, A,=
0.249 0, Y 25 45 v 1 A< 42 5 21 91. 8804, M ik £&
WERR R 5 R 9 2 LR UE AR [R] o X T @l Aok
T, DUk TR Ak BT A2 B9 2 50k 4,=0. 037 2,
2,=0.032 9, YI £ 4L HEHH 3K ) 96. 8800 , Ml i 4
HE B %35 5] 95.00% , HH &1 5 IR VA MR B vl B/
R 25 R AR I e 2D, 3 I DL 4R 1k
SRR SN TR RE ) RUCR B T T X
Y5 0F , IF HAE 5 2 8 K 5 Fused Lasso £
Ay IEBH T BO-Fused Lasso #5551 o i 14
e 5 o

K3 BHORERER

Tab.3 Results of each classification model

Training set  Testing setac-  Running
Model Spectral data Parameters .
accuracy/ % curacy/ % time/s
Single spectrum A,=0.0718, 2,=0.082 5 90. 63 87.50 294
Fused Lasso ]
Fusion spectrum A,=0.2176, 1,=—0.041 2 93.75 92.50 149
Single spectrum A,=0.079 8, 2,=0.2490 91.88 87.50 40
BO-Fused Lasso )
Fusion spectrum A,=—0.037 2, A,—=0.032 9 96. 88 95. 00 31
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Fig.5 Confusion matrix of classification results of each model
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ARSI THz-TDS 2 AR i 5 H A1 A 5% 3
DR SERF il R AT ARG, WF 5 e L A DR A0 AR 5 R I
SRRF 14 DR 2% ' T B E AR AL, S 52 B A [H) A
A 2 B DR SR A I 1% JC A0 A S ), i — b R
25 R OGS 45 A BO-Fused Lasso 15 7 (14 %5 5 5
Tk H 5, A BT 2B L (SPA) X %
e DR A Jrle R PR SRERF i ) R A 2% WO 35 AT
BOCTEFFAESEAT IR BOF R &, e T8 —Li
B BURAE A BN R AR, SRS, 5T DL H

Ak (BO) 5 3 B X Fused Lasso £ A1 1 58 5
RS AR i e 75 2 0 B BORE A DL ST e 4R
ANB) 2 Jm Fe LR B I 8, 25 SRR, P4 i Y g
F Rl &t 19 BO-Fused Lasso 15 43 28 8 R
U, X4 Bh SR I 4 25 0 I 2 4R U R A F)
96. 886 , M ik 4R ME ) 35 F) 95. 000, b T 1L 4¢
B — W U5 9 3% Fused Lasso 15 &Y (1 90. 63% Al
87.50%  PHI, Ak 2% il & 63 45 & BO-Fused
Lasso £5 A1 Shy 2 e DX R AR 55 25 PR SR A Il A 40 2 28
SRR T — b T A v A 1 R i X At 35
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