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Prediction model for exhaust smoke of non-road vehicles with self-paced ensemble learning

XU Xiaowei', XIAO Zhe', WANG Mingda®, ZHU Neng', QIAN Feng', XIAO Ninggiang’
(1. School of Automobile and Traffic Engineering, Wuhan University of Science and Technology,
Wuhan 430065, China; 2. Chinese Research Academy of Environmental Sciences, Beijing 100012, China;
3. Microvast (Huzhou) Co. Ltd, Huzhou 313000, China)

Abstract: Non-road vehicles have gradually become the focus of emission reduction work. In this study, exhaust
smoke was tested on 13 413 non-road vehicles in 16 cities in Shandong province. By analyzing the variation law of the
distribution of exhaust smoke values and smoke test pass rates of different vehicle types, different service life peri-
ods, different powers, and different economic circles they belong to, the spatial distribution map of exhaust smoke
pollution in Shandong province was drawn. Six types of easily obtainable machinery properties were selected as the
feature parameters based on the analysis of the influence of single variables. Finally, the prediction model for ex-
haust smoke detection results of forklifts was constructed on the basis of the self-paced ensemble learning algorithm.
The results show that with the increase of the non-road vehicles standards from National I to National II, and then
from National II to National [I , the exhaust smoke has been reduced by 33% and 50% respectively. Bulldozers, as-
phalt pavers, industrial drilling equipments and forklifts have poor overall emission status. The three major
economic circles in Shandong province can be ordered as Jiaodong, provincial capital, and southwestern in terms of

machinery holdings, whereas they can be ordered as provincial capital, Jiaodong and southwestern Shandong in
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terms of the overall emissions of non-road vehicles. With the highest evaluation indexes under the decision tree and K
nearest neighbor classifiers, SPE algorithm has better classification performance on unbalanced data.

Key words: non-road vehicle; exhaust smoke; imbalance learning; self-paced ensemble learning; prediction model
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Fig. 1 Distribution of test machinery properties
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Table 2 Parameters of model evaluation

W A48 &% At
M (A A 43K B R 2.5 B R0 He PSS §A 1
o e : Tp+Fp+TxtFx
Tp
K3 (P) B g TE ORE A b S BR A E 1) i P=
P P
.
B R TR A ol B S LA 66 2 R0 7 2 % R=
o S) S B R A e B S 60 L o T
T R 19 B 5B A 0 1059 B ) VT TN TFe
G-mean(G) F 1 525 B 0 5 0 2 A B G= JRYS
Fl-score(F) O ES R e e e s FZ%%%
. N TpXTn—FpXFy
MCC(M) R 5B 4K 5 U 482 2 7 0 46 3 4 M=

(Tp+Fp)(Tp+F ) (Tx+Fp)(Tn+HFy)

2 BEXEFATHRBEERRMNARENSH

52 TR AUBRCHE BOIR B0 1 R 32 A B8 HUAR L T4 03 BLAR Z 2 il il 22 S R R S DLA 3 45 . AR F Y R
AT FTAUB S T ARy AU D) A BB 2 25 B AR IR AU A 5 BILAHE SO0 B A A I B M SR G R .
MR E Z R i GB 36886—2018 . 4% 31 Tl 1 % AR 1 B #6 sl LA A% 48 22 0] LR 65 1 AN (] A9 3 07 BOR . S B0 AR A
TREHUBRHR R DL AE 25 18] 73 A L AFAEZ2 500k . 45 LR A8 = R B Jl A9 i 73 o X6 AN [R] 48 35 el 1) ML 22 73
A LA BB AR HETRCIR B0 BEA T 20 #r
21 AEERERNHBASEEREUEERESR

AU 45 R 6 Bl 24 1 8 B BB A K P Fie UL TR 3R 0 A [ ol T 4 IR ATL A 1) 1 =08 B2 4 %
FERLI A4S R . WAL 2 B« A AU FH AR BRAGUBE/I o 1 249 000 32 o (A B2 1 B 5 AGL ) 53 A% o B2 L T
Forr,2009 4F A1 2016 4F 23 52 [ 01 [ I o 0 2 S it 47 03 . ml A0, AR T8 8% A% sh AL bR e R T 3R 71 = [
I« HESCHE EE AR08/ 3306 5 ANIET T $2 71 28 1 0 & kM0 38 B AN 24 5006, bl e mT L« AR T8 85 7% 3l LB HE
TRCHRHE W™ 3 X e AR HE UM B2 A AR T
22 ARENWEBHSBERCUEEESH

AN TR LA IS TR HE UM B BG5S AN 3 s o i - A2 P LU RS Sk B B A WL B i g =
JEHUBRAGL I 5 M R A g+ AR I 2 B IX = S MLBRRE U Ak BB R ot o e . LUK o T B 2 1 T HE
AN Al 5 AR A IR L R 22 PR L R W] S LR R HE B 2 . PO A WL LU 5 RS L L Tl Al R
B = RUMAHE OB & B A R B R AUAE 700 i s . e B3 % = 2B UM T AR PR B 25 Hsk = H



« 104 - b AHEH KR FFROE RHAF RO 2023 5% 1 4

I 4ES IR IR R BOIURHEROIR 60 22

1.8 100
Rl =

15 + = /./ 490
o I e Ay
i =
g 0.9 % 170 g
L g
T 06t o | 4 60

03] L ﬂ ﬂ m 150
0 40

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

GIR =

B2 FEHSEHUROESBAERAEEST

Fig. 2 Distribution of exhaust smoke and qualified rate of non-road vehicles with different manufacturing years
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Table 3 Categories of engine power
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Fig. 4 Distribution of exhaust smoke and qualified rate of non-road vehicles in different power ranges
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Table 4 Emission stages and qualification rates of the three economic circles
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Fig. 6 Spatial distribution map of exhaust smoke
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Table 5 Common mechanical properties of forklifts
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Table 7 Evaluation of prediction model results
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