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Classification and identification of automotive bumpers based on X-ray fluorescence spectroscopy and

one-dimensional convolutional neural network
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Abstract : To establish a simple, rapid, accurate, reliable,, and non-destructive classification method for automobile bumpers,
energy-dispersive X-ray fluorescence spectroscopy (XRF) was employed for detecting and analyzing 60 automobile bumper samples
from different manufacturers and vehicle models at the voltage of 40 kV, current of 60 mA , and testing time of 90 s. Initially, princi-
pal component analysis was applied for dimensionality reduction and standardization of the nine major elements of the bumper
samples detected by XRF. Subsequently, the K-means clustering algorithm was utilized to categorize the 60 samples into four clus-
ters, and the Gaussian mixture model algorithm was employed to assess the accuracy of the clustering results. Meanwhile, based on
the clustering outcomes, the one-dimensional convolutional neural network discriminative model was constructed. The simplified
channel attention module was inserted behind the convolutional layer, and the global pooling was added to compress features,
thereby enhancing the model's discriminative and predictive capabilities. The cross-entropy loss was selected to evaluate the model's
convergence and training performance. After 500 training epochs, it is observed that the loss function gradually decreases and stabi-
lizes, the model can achieve the comprehensive accuracy of 95.83% for predicting and discriminating. The established classification
method of automobile bumpers is simple, rapid, accurate, reliable, and non-destructive to the samples. It enables rapid identification
and classification of automobile bumpers, assisting investigators in tracing the origin and distribution channels of automobile
bumpers and providing technical support for the examination and identification of such physical evidence.

Keywords : X-ray fluorescence spectroscopy ; automotive bumper ; clustering algorithm ; convolutional neural network ;

classification
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Tab.1 Test results of major element contents in selected samples

ne/g

Sample Elements

numger Brand Model Ca Cl Ba Ti Fe Br Zn Sb Pb
1 Chery Fulwin 32594 2633 1077 1673 835 667 191 172 108
7 Chery AS 4544 690 730 1149 264 13 67 0 135
11 Toyota Corolla 382 559 0 253 185 0 0 0 0
26 Volkswagen BS 27 096 1257 701 1766 582 66 415 39 31
31 Mazda M6 1091 499 0 457 194 0 160 0 0
36 Honda Accrod 168 1347 0 2117 110 0 0 0 0
41 Nissan Bluebird 39917 0 143 392 237 12 137 0 118
53 Hawtai Santafe 4903 1 884 598 643 509 1249 96 412 82
58 Lifan XC70 58233 0 154 389 365 20 113 18 50
60 Zhonghua Junjie CRV 468 689 0 2431 127 618 96 164 67

2.2 PREeALH oG R E 5T
2.2.1 K-means % % 4T

K-Means R e —Fh 5L T 1B 2 o B i 2
27515, K-Means 553 A v fe i UL & 2L T T
R BT, Ak iy KAAEACERE I S T
BRI, K (A RSP Rr S edh 8 , it K

FRRE B B8 B R SRR A, B 2 S R R AL
Wi A KAE, A& 1 7R, 8 5 2R BUBE T oy
—1~1, BB T 1 BB REBOR B hIE 1A
L2 KRR 4 1, 85 AR R i, UL ITREAS 700 4
Hig AR

PCA F% 0 AR AR e e e, il i 2 1k A e



136 AR

2025 4E, %5 53 4,45 6 1

s o o o
] w - w
T T

Silhouette coefficient

S

1
=}

2 3 4 5 6 7 8 9 10
Cluster number

B AR
Fig. 1  Silhouette coefficient diagram
HR A R0 ) T R O O RS ST ) A5 ] TR
{14 23 (] AT LA 22 23 BE 5/ n] BE Al B i dl 1 722
St PR ARRICHE 20 12, DT 46 75 5080 o #) S e 2 g
FIAR BORRAE , Oy Ji 22418 i B8 A At 7 00 v
PEZEE FEA . DL XRF $8f o 78 55 4647 PCA 72
fe, Je R Z-score PEATHRUEALAL BT )5 2250
W, I 38 o R AR (R 20 AP A 21 2 Ry, TR B AR
B & LU — F W (PCAT) IS — E 53 (PCA2)
(475 22 TR A A U AL AR & b, A5 BN 5] 2 B 7 1Y
K-means 3245 LA 340, 60 1~ FE i K-means 2R
REERIWA 2, K2R REL VIR ER 2P E

—_

X
6
4l . ‘
2 o ® L
2 .: ‘ .o.. °
0+ 0o? oo, o .
E \‘..': F ®° o
2L . °® ¢
L | ©
4l 2 o
4 .3 .
° 4
6 \ \ \ \ \
-4 -2 0 2 4 6
PCA1

2 K-means BARLERFEAS
Fig.2 Sample distribution of K-means clustering results
+R2 K-meansBELER

Tab.2 K-means clustering results

Dataset Sample number Sample quantity
, 5,7,10~12,14,16~18,21~25,28~33, 30
35~38,41,43,47~48,50,59
2 19,34,39,45,58 5
3 1~4,6,8~9,13,20,26~27,44,46,49, ”
51~57,60
4 15,40,42 3
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Tab.3 GMM clustering results

Dataset Sample number

7~8,10~12,14,16~18,21~25,28~33,

Sample quantity

! 35~38,41~43,47~48,50,59~60 32

2 5,39,45,58 4

3 1~4,6,9,13,15,20,26~27,40,44,46, 2
49,51~57

4 19,34 2
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RS %K 87.5%, 5 32514 81.8%, 1M K-means 2
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Tab.4 Model performance metrics

Dataset Precision Recall Fl-score Support
1 0.96 0.96 0.96 24
2 0.75 1.00 0.86 3
3 1.00 1.00 1.00 19
4 1.00 0.50 0.67 2
Accuracy 0.96 48
Macro avg 0.93 0.86 0.87 48
Weighted avg 0.96 0.96 0.96 48
1.4
1.2
1.0
2 0.8
Q
—
0.6
0.4
0.2
0 100 200 300 400 500
Epoch
5 d5 ok s BRE I 2R 1 Y A5 1k
Fig. 5 Training loss over epochs
1.0
0.8
% 06]
<
3
Z 041
021
0 100 200 300 400 500

Epoch
K6 BRI GRiEr I 2R 0 802 1

Fig. 6 Model test accuracy over epochs

Mz E Tt 2t 500 58 0 25, 1A 0 e i 4
b A R R 5K 95.83%; NI AT 14 U B Ak
96% , Hr 2 I 1 F 3 1 R I AF s F1 20 8003 3R
0.96 F11.00, 2551 2 F1 4 (1) R ILME 22 , 2501 4 19 A3 [0
BRI (0.50) . D FHAR X250 4 (AR AR5 BE
55, FER R 4 BAEAR R D T B
IFEAR R B 1 o 5l 2 o R R AR T 2571
O3 A e L5 b RS B R BR S AR S M AL A s, B
PRI R
3 Zhig

A7 T M XRF F AR X R GO B AT V8RR
HEAT PR A 2 T vk o XA R AT S
JE AN ) ZE R YR DR BT R v B B ST R A T

T, I BEAT JE o B B AR AL A B, SR K-

means LA S GMM P 52675 16, 1 72 60 A i 73

AR TR RRAE R Al ok A P

P, ST IREE 7 2] 73 JER R — P Bk, B T

M VR R BRI 4 SR AR B M T 1D-CNN

I AR AL R AL A A b R A B R A

95.83%, /3 RMERERLLF . %7 Ll B T AR

TR, A i i S AR R AR S H

& % 3k

(1] RN LU IR A DRI AT SR [0]. T AR SR
2017,45(9):105-110.

SONG Xiaojiao. Application of infrared spectroscopy in plastics
automobile bumper examination[J]. Engineering Plastics Applica-
tion,2017,45(9):105-110.

[2] RS R T LM ST HE R PR B AT P OIC T 4

S ACZEREFSE S R, 2020, 32(9):1 541-1 546.
ZHU Mi, ZHU Hongjian. Fast and non-destructive identification
method of bumper based on infrared spectroscopy and chemomet-
rics[J]. Chemical Research and Application, 2020, 32(9): 1 541 —
1 546.

[3] B BIUR. LRI AT IR SR B B S0 HPLC 4B ()] ILZRAE T,
2021,50(18):113-116.

LYU Yinni. HPLC Analysis of auxiliary components of bumper
plastic debris[J]. Shandong Chemical Industry, 2021, 50(18):
113-116.

[4] WEI C J, WANG J F. A rapid and nondestructive approach for
forensic identification of car bumper splinters using attenuated total
reflectance Fourier transform infrared spectroscopy and chemomet-
rics[J]. Journal of Forensic Sciences,2021,66(2):583—-593.

[5] 4L, FER T, EHE . FOLEHARL G K-Means-LSTM X {14

FRMRBAT 19 P 43 JSBF5E [J/OL . Hh L, 2024:1-9[2025-05-
30]. http://kns. cnki.net/kems/detail/51.1714.tb.20240914.1121.002.
html.
JIANG Hong,KANG Ruixue, WANG Jinhui. Research on rapid
classification of automotive plastic bumpers using hyperspec-
tral techniques combined with K-means-LSTM[J/OL]. China
Measurement & Test, 2024: 1 —9[2025-05-30]. http://kns. cnki.
net/kcms/detail/51.1714.t6.20240914.1121.002.html.

[6] JAIBUM, 3220, i, 55 S TR T RE UL AL BP 22 I 4 %) TR e

FLAY XRFOGCEE S JE 5[], LIGER}, 2024, 52(2):60-64.
ZHOU Guanxu, JJANG Hong, ZHOU Feixiang, et al. Research on
XRF spectral classification of bumpers based on particle swarm
optimization BP neural network[J]. Shanghai Plastics, 2024, 52(2):
60—64.

(7] FEIEIS AL, TRHAL , 45 VRO BR AL TR A SR AR B A R
RERFFSE(T]. 88k, 2022, 36(12):121-126.



BT, T XRFH—

AR ZE 2R I BRI 2 5

139

[8]

[9]

[10]

(1]

[12]

[13]

DONG Jinghan, ZHAO Yiquan, ZHANG Tongzhu, et al. Study on
properties of recycled polypropylene for automobile bumpers[J].
China Plastics,2022,36(12):121-126.

et A BRSSP CA AL SRR BB BRI TE 0],
Hh ISR}, 2021, 35(5):54-58.

CHEN Yanfei, LI Shupeng, WEI Wanchu, et al. Study on properties
of recycled polypropylene for automobile[J]. China Plastics, 2021,
35(5):54-58.

TRIENE SRR PR BAT 5 FIRT R B M R
2016,44(5):87-90.

SIHTI. AR

ZHANG Xianhui. Commonly used plastic material for the bumper
and its performance analysis[J]. Plastics Science and Technology,
2016,44(5):87-90.
FLL FEHD /I . JE T SOM-FDA I XRF % 24 i 453 4 4
BT 0 3 28 (] #A VLR 57 S Al (B iR, 2024, 51(6): 747~
752,768.
JIANG Hong, KANG Ruixue, HAO Xiaohui. Study on classifica-
tion of aluminum plastic packaging tablets for drugs based on
SOM-FDA using XRF spectroscopy[J].
University (Science Edition),2024,51(6):747-752,768.
JEBEI0, Z2ET, JH R, 55 . XRF 455 b2 T ARkt ¢
PRI Y IR TE )] 985 20T, 2023(1):1-5.
ZHOU Guanxu, JJANG Hong,ZHOU Feixiang, et al. Research on

Journal of Zhejiang

the classification of paper express document bags by XRF and
chemometrics[J]. Labor Praxis ,2023(1):1-5.

Bt 2220 R T, %5 . LT K-means FIRE IR 22775 I SR
PRI fu e 4% X BRSO I8 (). O 5Ot kR
2022,59(11). DOI:10.3788/LOP202259.1130001.

CHEN Zhuang, JIANG Hong, HAO Dingcheng, et al. X-ray fluo-
rescence spectral inspection of plastic express packaging bags
based on K-means and within-cluster sum of squared errors[J].
Laser & Optoelectronics Progress, 2022, 59(11). DOI: 10.3788/
LOP202259.1130001.

ZHANG N X,ZHONG Y Z,DIAN S Y. Rethinking unsupervised

[14]

[15]

[16]

[17]

[18]

texture defect detection using PCA [J]. Optics and Lasers in Engi-
neering,2023,163. DOI:10.1016/j.optlaseng.2022.107470.

Wit 24T, Bk, A5 X 4R 901 1A 45 7 HCA-PCA-
BPNN 2 8 S8R} i (2 28 4 P UR 23 26 (0] 288 Tlk, 2022, 50
(11):138-144.

CHEN Zhuang, JIANG Hong, LUO Hongbin, et al. Identification
and classification of plastic express bags by X-ray fluorescence
spectrometry combined with HCA-PCA-BPNN[J]. China Plastics
Industry,2022,50(11):138-144.

T, THET XU, 45 3T GMM SRS A4k 3 190 2 B30 Bl JXU B 25
RO R[] BT AL, 2023, 32(11):39-44.

SHANG Jing, WANG Jianing, LIU Xu, et al. Risk level classifica-
tion method for railway network data based on GMM clustering
[J]. Railway Computer Application,2023,32(11):39-44.

AR HBBIL, Bif% . JET PCA-1DCNN (WL ZLAMERE R & 1R
BRI 7k [, TR BRI AR, 2023, 38(6):141-148.
WANG Rong, ZHENG Enrang, CHEN Bei. Detection method of
main components of food crops by near infrared spectroscopy
based on PCA and 1DCNNIJJ]. Journal of the Chinese Cereals and
Oils Association,2023,38(6):141-148.

BI9RE, sRAE R, 5 BT AR T 2 M 4 A
it 25 78 T O B 05 (3], H B AL TR 5 R 24, 2021, 43(10):
1 833-1 837.

ZHAI Naiqi, YUN Lijun, YE Zhixia, et al. A tobacco storage
moldy prediction method based on one-dimensional convolutional
neural network[J]. Computer Engineering & Science, 2021, 43
(10):1 833-1 837.

T4, ZHE, R, 5 ST B 28 2% (1 JE 43
FAL PR RE[T]. 5 W B R 2 (A SRR # ), 2020, 29(1):
65-69.

WANG Shixin, YUN Lijun, YE Zhixia, et al. A tobacco leaf
grading processing algorithm based on convolutional neural
network[J]. Journal of Yunnan Minzu University(Natural Sciences

Edition), 2020, 29(1):65-69.



