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Abstract

With the development of machine learning, researchers are constantly exploring new classifica-
tion algorithm models, making the variety of machine learning algorithms available more diverse.
However, many studies only use limited classification algorithms, which makes it difficult to com-
prehensively compare the performance of classifiers. For this purpose, this paper used terahertz
(THz) time-domain spectral data of Bupleurum to evaluate the performance of 12 classifiers in-
cluding Support vector machine (SVM), KNN, Decision Tree (DT), Random Forest (RF), Logistic Re-
gression (LR), Multilayer Perceptron (MLP), Bernoulli Naive Bayes (BNB), AdaBoosting, Gradient
Boosting Decision Tree (GBDT), Extremely Random Forest (ERF), eXtreme Gradient Boosting (XGB)
and Light Gradient Boosting Machine (LGBM), in terms of multiple classification performance in-
dicators. The results showed that LR, MLP, SVM, and KNN are the four classifiers with the best clas-
sification performance. Among them, the MLP classifier reaches 100% accuracy after voting and
has superior recall and F2 score; in addition, newer algorithms such as GBDT, AdaBoosting and
LGBM have also been generally found to have accuracies of more than 80%. This paper provides
an important reference for practical applications in the field of Chai Hu identification based on
THz.
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Figure 1. Spectra of the absorption coefficient of Bupleurum Terahertz
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Figure 2. Terahertz absorption coefficient spectra in 0.4~1.8 THz
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A K8 BHE: CFr i EAHL(Support Vector Machine, SVM). #II4B(K-Nearest Neighbor,
KNN). {RZEH (Decision Tree, DT). FHL#&#(Random Forest, RF). Logistic [7]Jd(Logistic Regression, LR)-
% JZ 850 (Multilayer Perceptron, MLP). A%%5F 4k 2% T3 (Bernoulli Naive Bayes, BNB). Hi&MN&Ft+
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PER] A3 FIANT] 2y )@, 7 E PUE 2 TSEB[9]. IEER, IR R 215607V, LR 7R SR M H AR 1S
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FERREAS, 00k 7 0 e o (L E AT L R B W 1 o AR OB AR M AR L 22, 0T T s 0 8 5080 T e R 3
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FI Y FERE AL I FE S T SRm R S T P e . AR DA, AENLES 22 ) 80 32 007, KEH T
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B, fEMEHIRT, FEZGEGHBRHAGTERA.

11) LGBM: & —Fh3E T B B 3R Tk s B0 13], B e 3 m VI ok ANUERA B2 . B K B A T
WA RG22, LGBM BN BERFH BIE M E AR, R U ) gt T ) TH. %
TR, NAF 5 ARG, 7 KBS 4 DR (0, (E 1B 2 50 Hidis o AN e s SR URK
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Rt 739 n— 1A HEUGEAT 20 R AR BN ZRATR B, RIS 1 AR BT I Sl X A5 2, xt
rRARHEAT 13 IR S, e Bubilm 1 7 8 e IR AT S 1
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AN ZRFE T Python 3.9.13 M85, SR MRS R+ M ip KB S EAT L. x4
AR S IS HOT R BB ATHEZIA &, ER— NS EAEW PR o wTIENSS N,
XN G IAT IS, FEUFEEAS RS, IS brdEZE . HERERANE B, B KRG R TA TR
MM S, WERESHIE, NS €I E ERIR R KB N RESH.

MRS E R | frox, HA, C: &I RE, kemnel: BR%L, gamma: % RESH, n_estimators:
2284, min_samples_split: /DA EIEL, max_depth: ) 2 KIRIE, inter: ZeMEBIAL )AL
P, solver: fi{b#%, Criterion: #1KR%L, weights: AU E, algorithm: H 7k, learning rate: %)%,
min_samples_leaf: &H75 mit & B DA KL, Alpha: 8 S 0 50M 72 @11 924, Binarize:
FRE AEALIERIME, class prioc: ZRAVLIGHEZR, Activation: WUEEA%L, hidden layer sizes: FRjE/Z /241
PSESTREI R 8

Table 1. Parameter setting for each classifier

F 1. BORBEHRE

Model optimum parameter Model optimum parameter Model optimum parameter
C=0.01 n_estimators = 20 n_neighbors =2
SVM kernel = “linear” GBDT min_samples_split = 100 KNN weights = “uniform”
gamma = “scale” max_depth =3 algorithm = “auto”
c=1 n_estimators = 70 n_estimators = 10
LR inter = True ERF e e RF e
_ criterion = “gini criterion = “gini
solver = lbfgs
criterion = “gini” Alpha = True n_estimators = 50
DT max_depth =3 BNB Binarize = True LGBM max_depth =3
min_samples_leaf = 35 class_prioc = True learning_rate = 0.01
1 estimators = 30 Activation = “identity” n_estimators = 10
AB learning rate = 0.1 MLP Solver = “sgd” XGB max_depth =3
= ’ hidden_layer sizes = (5,5,10) learning_rate = 0.01
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4.3. THEN

AN S0 5 AV A DU HE TR S o AR BB A IE A 2 SR IR AR N, MR A A KR N,
VU RE B R 0 5 SN

Score = &
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B T A 26 [R]— HE R BORE AR K R AR R], AR S0 T [ — HE IR 70 2R 45 Bt AR 4, it
— P TR N FEEE AT O UE R 2R 15 4 (Before_vote sore) ML N $E 22 5 A HERR 2 154 (After_vote score).
WHCEATIEW 0 RIFEARTE N Ny 5 BT IR RIIREARBEN Ny oo M ZFHITHEAL:

res_b

Before vote sore =

res_a

After vote sore =

[FES, SEPRor R, 202 B GE 7 FEA AT I — R AR R I R RE, A SIS b 78 A [ 2
#3757 (Recall_score). BWMAFEANTET 4 RIHAEN M, 5HRBTNA A4 KIEFHBFEALENR
Mres’ m”ﬁ@gﬁgﬁ'ﬁ/ﬁﬁyﬂ:

res

Recall_score =

NFET 7 FEREAR IR AL T S LA SR 5 VRN 72 RASHOTERE . A SZIR 45 AR5 3 (Precision) . H [A] 5
AR HEZEAT Sy, FF5 I8 B B RAESEFR 73 FAT 55 7 o S H AL, MO SCRA] F2 #5930 (F2_score) i T
BE— S E PO, BB AR TN 4 REFEAS RN H, Hp PN I O REA SR H,ep W) F2
ARG S/NEWEE

res

Precision =

Precision * Recall score
F2 score =5=* =

4 = Precision + Recall_score

NIER S ERIFEN, R TINIRHEZTR R . drdEZ R —ABIE P IE S BORER — M.
PriEZAUE AR, ARRKE D BUE S K IE 2 2R B drEzlh, ACREUMERGE T I9ME, Bk
PR E o RBLREA SR M E T By, FEABHE By ny WFRHEZ IOTHSE A 0N

z:’:] (xi _)_C)z

n

O =

5. SEWEER R S

ARG K F 22 3 B AU FE AR B AT 73 2R 15], 75 S0 HT 75 AL AR K 24T fbak Xk 4y, B s
ITHARPR A AL BE . &M oy B AE S R SR 1) 40 MBI 2 4] 3 iR, scorel. score2. score3.
scored 43 7I%f . Before vote score. After vote score. Recall score. F2 score. HH1, scorel. score2 i
I hn R v 2 R oR H AR R e 1 .
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Table 2. Scores of each classifier

w2 BORBEEN

model_name scorel score2 score3 score4 Use_time
SVM 93.85 £3.47 92.31+7.10 0.89 0.90 0.14
LR 94.36 £1.77 100.00 £ 0.00 0.89 0.91 0.19
KNN 93.08 £4.52 92.31+£7.10 0.89 0.90 0.07
RF 80.00 £ 9.67 84.62 £13.02 0.63 0.65 0.10
DT 8231 +£12.75 84.62 £13.02 0.76 0.76 0.09
GBDT 83.85+10.24 84.62 +£13.02 0.77 0.78 3.47
ERF 79.23 £8.85 84.62 +£13.02 0.66 0.68 0.18
AB 83.08 £10.06 84.62 £13.02 0.72 0.73 2.05
LGBM 80.00 £ 12.77 84.62 +£13.02 0.74 0.75 1.19
BNB 73.85 £8.85 84.62 +13.02 0.60 0.63 0.10
MLP 96.92 +0.67 100.00 £ 0.00 0.91 0.91 0.91
XGB 78.46 £11.67 84.62 +13.02 0.62 0.64 0.46
1.0
(=2}
£ 0.8
g
g o
] o
z 0.6 @
© b
[«!]
; E
[ ©
2 L0.4
g BB Model score before voting §
2 [ Model score after voting
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—e— F1 _score
0- -0.0

SVM LR KNN RF DT GBDT ERF
Model name
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Figure 3. Accuracy of different classifiers before and after voting
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