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Abstract: Electroplating sludge, a solid waste from the electroplating industry, contains various heavy metals such
as Cr and Fe. Conventional chemical detection methods relying on laboratory analysis are difficult to adapt to the
dynamic monitoring needs of the resource recovery process due to their complex procedures and time consuming
nature. To improve the efficiency and accuracy of heavy metal content detection in electroplating sludge, it proposes
a machine vision based on rapid prediction model. Multi source electroplating sludge samples were collected, dried,
ground, and compressed into tablets for preprocessing. Energy dispersive X-ray fluorescence spectroscopy (EDXRF)
was employed to obtain spectral data, which underwent normalization and discrete wavelet transform preprocessing
to extract net characteristic peak intensities. Multiple linear regression (MLR) and random forest (RF) models were
established accordingly. The results indicate that the RF model achieved a classification accuracy of 100% for Cr,
Fe, Cu, Ni, and Zn based on 150 original spectra from experiments. The root mean square error for Fe is only 0.202,
and the coefficient of determination for predicting Cr reaches 0.994. In comparison, the MLR model achieves a
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coefficient of determination of 0.954 for predicting Cr. The MLR model is suitable for basic rapid analysis scenarios,
while the RF model is better adapted for precise analysis under complex matrix conditions. The dual model systems
constructed in this study provide new approaches for heavy metal detection in electroplating sludge.
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Tab.2 Comprehensive performance of different methods in heavy metal detection of electroplating sludge
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Fig.10 Comparison of coefficient of determination and root mean square error for multi-element quantification by different

models

4 £ 3E

Bt oot HLBE VS e B 4 R ARSI R AR B AE 2 A BT
R R T I T HORIL TR AR E A A2 1 1]
B, R TT RS R SR PO TR AR . BT B
TE 38 Ik A1 25 A0 D K 32 R RG vHE TN PR % V5 U 4
RSB, SHEAESIRFCr. Cu. NiZFE 4
& B PRSI . B I8 I R AR 2 A R R IR
B TRREM, ST, TFEE. EA ARG, &
Bhfe & A EUR X 2056 AR BO S Bl , &
A BRIV A e T Ak BB R AE I 1 5
43 A EMLR 5REER , 45 5 87K, MLRAE AN Cu
o AR A TN B K T R A, ZnTRUNE 3 30
X [8)i%-0.1%~1.5%, *fCr. Fe. Cu. NiflZniG&

TR IR XRMSER IR . ERLEHERE I, REXY
CuMINiTC R IR*E1.00, FFCryt RR2JF£0.994, H
B4 & B R K MFe. Znt R, WALUKE
0.202. 0.01 JRMSE, FE#EERL A SR EH TR M
R ok . EME e MR, SRR ER2504
fF, REFALL0.5% HIAH XS il 22, (N AMLRAE Y
3.3%IM /640 AT, i A H s A B SR BT
MAE N H 4R —8E. Kk, REBAE S5 IRE
G ARG v I O R v B RE AR, MLRAEEZY PR
RIA R, (AR RS RS 3 %€, MLR
ETRFH BRI DU (A 22 B8 2 A [ 32 A 75 5K
W FEAS B AE T 5 B AR IR 2 4 T A7 32 T R B¢
iz, HEEARBGEAR. KRR AR £
B, PANARFEAEFELE. FRITEREAR, 2&E67%



2026 &5 H

L E 5 H W

HAS B S M (RS 398 M) 113 .

FEEE TP, B9 S Boo R 5 Sl fg
71, RIHERZATE SRS, HEShHOR T H 5%
I S A AL B

SE R

[1] ZR40bR. sl I e VA O 35 4k A B BRI 78 1k R 7).
rRE A IR 4, 2025, 54(4): 22-37.

[21 HRHER, BEME, P, . A4S VR IR AL B ER
PR E R eI BERE SR, 2023, 46(S1):
184-191.

[81 FJEZ, XN, AR, S AR ARG Ve AL S M
VKRR 22 R T EWFFC[T). 01 LFE, 2025, 45(2):
141-146, 151.

[4] FEBil, AP, Bei, % AR e akis e R o
B S TREEH ] &I AT, BTIR TRE, 2025, 45(1): 86-
91, 102.

[5] ZIR, 22, fhjE, 2. P204 7 AL 4 B B B 5 v
BRERRIGHT AL )], MRIEIR 4, 2024, 43(5): 559-565.

[6] %, 2t 23 SOt U B iE SHLEE % I
Al B TH - 4 3 < Jm TR RS FE 0], ZE IR EE 244, 2025,
34(6): 950-960.

[71 AT, Tk, d7ek, & ETHIRMIEREKE IRIV-
BOSS (-4 & J@ & 8 T 7T (0], 2 Ml 2= 4R,
2025, 44(8): 1712-1718.

[8] Z=fhitfn, el #4E, %5 EDXRF S5H&% 1446
T E G R A R M PO A KR ). bRk R S0k
TEIYHT, 2025, 45(5): 1283-1289.

[9] 8%, 2L, BT RS LIRESE Zn M
BTN 5 2 1) AR BT AT[D]. 6 2 56 S Hr, 2024,
44(11): 3287-3293.

[10] Bi%e%e, SRR, e, 5. MG R EIZE R
A5 TSR (1 7R 4 A B IO - AR B A Bl [0]. AR

U 23R, 2024, 30(4): 485-495.

[11] B3, BOjnzR, XA, %5 T EIER BP #hZ M
I X LI R A R A ) A A T[], %, 2024,
56(4): 889-896.

[121FU Z Z, WAN Q R, DUAN Q N, et al. A novel
spectroscopy-deep learning approach for aqueous multi-
heavy metal detection[J]. Analytical Methods, 2025, 17(5):
1053-1061.

[13] fR s, SRHHE, WEBIAS, 5. T Z UGB E B EE
MUAR PR A BY () 4 b 1 198 28 4 J 5 & 25 [A) 43 A T30 [7].
FREERLAE, 2024, 45(1): 386-395.

[14] MR, TEFEE, &4, & 2T SMOTE X iRz
B LR E S S R S E AR )]. Rl 5t
RS HEL2EHR, 2025, 42(3): 580-591.

[15] “FAR AR, BAEVE, BREGR, . BOLB REgouiks s
B P B 2 T 0 AT B 4 T R E R T T i .
RO, 2024, 51(23): 145-156.

[16] J&wAd, mocte, skeZe, . iR R R K 4
JEFFZm K 3 AL [I]. AL IR 5 TR &, 2023, 42(12):
17-20+24.

[17] 5%, 280, e, & BB soR/E IR K
O T R P B AT 0], R SRS A, 2023, 45(9):
64-68.

[18] %5, A5, FMEAIE, & &BY XA R
By s A S OB R AR AC[D]. BiR AR, 2023,
43(5): 92-97.

[19] B ORM, WFIHT. B PRKAEL ISR B T 2 & R i
SMTIT]. Y S AE, 2023, 45(3): 101-109.

[20] #B%hor, BEEY, RIE, & S4BT TR
HEZTTR MIEB AT AR A ]. TR R m(E
IRBLEAR), 2023, 54(7): 2563-2575.

[21] skisig, EYLE, MR, 5. S ST AL
B HRIG[T]. B8 5IR1, 2023, 42(9): 68-75.



