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Abstract

In nature, copper and iron elements often coexist in ores. To estimate the elemental content in cop-
per-iron associated ores, accurately determining the thickness of copper, iron, and stone in an over-
lapping state is crucial. This paper proposes a thickness estimation method based on the principle
of Multi-Energy X-ray Transmission (ME-XRT), which utilizes a Photon Counting Detector (PCD) to
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acquire multi-energy data and combines machine learning algorithms for coefficient correction.
The method includes the acquisition of X-ray attenuation images in multiple energy ranges, image
preprocessing, feature extraction, and coefficient correction based on machine learning. Experimental
results show that the proposed method can effectively estimate the thickness distribution of the
three materials in an overlapping state.

Keywords

Photon-Counting Detectors, Multi-Energy X-Ray Imaging, Thickness Estimation, Superimposed
Materials, Machine Learning

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

HIRVERTE B AR Fh i DA RS TEE T A1) WRfET o AAaFrmEcingE, 28
REAUH 1 /I [2) ) LA . SR, Al RT3 & B I AT R R SR EUC RAEN A 1R B 43 i

HAT, CA 2T EE AR 55 IT . Schena [3125 KAt X G R UR 25 & WA BRI 3%
(DE-XRT), X A1 R ARG M E 70 3= R BT A 3. SR, Tk R 2 68 XS 4R ) 1
IR, HAZ 5 UE T WA R B R A, ME DA 2 B2 1 Tl 753K o Scott [4]%F NI 7E X 2k
PG NZ R (MAP), 4561885 2155, MARHER FE G R SR MR B EE B SR, X
Tl 12 5 LR 2 AT 2B B SR R IR WS ) BB e 1, 386 T Tl e A ) & 24P . 4k, MAP 5
SRAEBNASAE SR MR F DRI D4 o R I H )= PR A

TR P B Y R (o Ak, R R 8o A 29 1 26), DE-XRT (RRE &4y B RE /1%, M
PAIX 433X WA AR o 704G PR PR A 52 DX 10D P, 5 ) X5 2 3 o ot 2R A AR O AR AL, 5 040 5 103 R
BT RUA A, Yeyu [S155 BT £ A& X 4B S (ME-XRT) 7%, KREWG RIS N TAXIE, FF] AL
RS I T BEUR TP A 12) MR T P 13) A5 2K 0 SR, T IR AR U T S — W ) — 43 2 el
TCAAb B 22 i) o S NS P P A B

Sim [6]% NJET X SFHERMULEAR, WF7C T 2 SARA b 2 2S5 R e . fERE - 47 - B)(Si-Cu-
Sn)FI4R - 2 - 4(Ag-Sn-Cu)Zl &, AATTSZIL T AN K e N JE 20 9828, 435328 0.001 mme. AT, 1%
WHRAEE— L RIRYE. SR Z B3 —E BN, 7 EE W00 A8 H AR E R TR S .
FrAEIX e S B ORFFEE, & NTGEMERIE H b= 0. ESChrM A Fr,  1X 0] Be3G A & ) & 2% M0
AN, JUHRTEM RIS B R B v B R AE AR B LT o BeAh, RS ZHEORTER A8 2 1 &= b ge
5K F] 0.001 Z KM ERERE, XK A PR SR U B B S, (E T At AT 2 W &
FEEARL), X R T REANE . BN, KRR R LEZ R ECE R SR AR), B AR
BV T REANFE AL, AT 5 B0 5 2 e A 2 B 229 L 52 B

ARSI T — R T BRI A2 (PCD) [7100# ik, B REL GE & X MR 45 S hL A%
AHEAR, WEHBCLRAL . ZEAMUBEE RSB 2 AR =R 2%, i R DU LA
SIRE TR AT X —BBHAT AR AN EIC RS S ERAE T RETF B, I HARAE
1 N F R T 38 AR AT R

DOI: 10.12677/jsta.2025.132010 78 IR AR S R


https://doi.org/10.12677/jsta.2025.132010
http://creativecommons.org/licenses/by/4.0/

SUAT I A, A SR M A RAT BB B, B N 2 AN 2 IR, AT
B AL GEBOR P S AR B 5046 T HY SR ) i A AR X FEE o LU, AR T E 6 AR B 22 b g ot (o 7 )
FEEMRETIEEME, RARENERZEE, R RAEERIZARES, 7T RS 2 U i B
RBUR K. BN, ATTIEAEMFEZ AR M ) AR R, B/ bR BARM R, it
OB AR T A A BN E PEAT S AR, A A B A S AS IR M A R LA

2. MMERHE
2.1. SKHRE

HTNEZE X FRIEHNESHINERGSA LTI XRT FierKTra, % FE2H
PAVSLE =T R, TR R B E 1 R, EEASORERE X FHELIE. B 20 £ 160 keV
BB N G IR PERE 51 PCD,  BA S —MEIEA . X ST ERIRPEAE LW 5 43.5 JEK, 281ERE%) PCD R
feikAy BJ72) 57 oK. TEXTTAEH, X SLEMHEEREN 160kV, HIRKEN 1 mA.

<« Collimators
Lead

shield

Detector

Lead
Curtain

X-ray photons
Collimators
X-rays tube

Figure 1. Sketch of experimental measurement system.
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Figure 2. Schematic of X-ray signal detection based on photon counting detector
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Figure 3. Copper, iron, and stone samples
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Figure 4. Equipment for stone powder pulverization and tablet compression

4. AMBIERERRE

Table 1. Thickness of the sample
F 1. HmHEE

Sample Thickness(mm)

02,04,06,08,1,1.2,1.4,1.6,1.8,2,2.2,2.4,
2.6,28,3,4,5,6,7,8,9,10
0.6, 0.

4,5

Cu

. 0.2,04,0.6,0.8,1,12,1.4,1.6,1.8,2,2.2,2.4,
¢ 2.6,2.8,3,4,5,6,7,8,9, 10
Stone 2,4,65,9,11.5,14,17.5,20.5,24.5
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Figure 5. Thickness overlay of copper, iron, and stone samples
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Figure 6. X-ray data of 128 energy bins
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Figure 7. Slices generated after being cut by a cutting tool
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Figure 8. Best linear fit curve for the copper sample
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Figure 9. Best linear fit curve for the iron sample
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Figure 10. Best linear fit curve for the stone sample
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Ideal and actual T under different thickness combinations
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Figure 11. Ideal and actual z under different thickness combinations
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Comparlson Between Actual and Calculated Thickness (Fe)
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Figure 12. Comparison of actual and calculated thickness based on
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Figure 13. Ideal and processed 7 under different thickness combinations
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Figure 14. Comparison of actual and calculated thickness based on 7
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Table 2. RMSE of copper, iron, and stone samples
F2. . SRANAKFARNHFIRIRE(RMSE)

Sample RMSE
Copper 0.6296
Iron 0.8855
Stone 27977
Total 1.7328
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